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CTPOBOCKOTIMYECKHUE IPUBOPBL (o1 1ped. stro-
bos — kpyxeHHc, GeCHOPSAOYHOC IBHXCHHE H SKOPES — CMOT-
PiO) — KOHTPOJIBHO-H3MEDHT. yCTpOHCTBa JUis HabmwosieHus
OBICTPBIX HEPHOJHY. ABHXCHHH OOBEKTOB, OCHOBAHHHIC Ha
HEMOJNLIOBAHMM cmpofockonueckozo Ifihexma. C.1. NpUMC-
HAOTCA /IS HIMCPEHUS HaCTOTHI KONEOaHHH MCXaHHY. H 3JIeK-
TPOHHBIX CHCTEM, PE€30HAHCA, YHCIA OGOpOTOB MCXAaHH3MOB,
JUIA M3ydeHua BHOpauwmii pasn, ten H T. 1. [IpHHUMN AcHCTBHS
C. 1. 32KJIFOYAETCA B TOM, YTO COBEPILIAOILEE MEPHOIMY. [BH-
KCHHE TCIO OCi ¢TCA T.H. CTPODHDY HMIYJILCAMH
CBeTa M JeJaeTCS BHAHMBIM B OTJCIBHbIE, OYCHL MAJble TO
CPaBHEHHIO € TICPHOJOM KoJIeGaHuiH Tela NPOMEXYTKH BpeMe-
HH, ECIM 4acTOTa HMHYJILCOB CBETA fy COBIAJAET € 4acTOTOH
Koj1eBaT. JBHXEHHS TeId £, TO TEJIO KAXeTCH OCTAHOBUBILIHM-
cs, TIps HCK-POM DaIIHYMH HACTOT TEJIO MPEACTABIISETCH CO-
BEPIIAIOIIHM 3aMCIUICHHOE JBHXEHHE ¢ 4acTOTOW f=/f;—f).

oBp. C.N. MONPa3IENAOT Ha MEXAHHYECKHC WIIH ONTH-
KO-MEXaHHYECKHE, DJIEKTPOHHblE, NIEKTPOOHTHYECKHE, Jiazep-
Hile ¥ ocimuLtorpaduyeckne. K mexanuueckum C.m, o1-
HOCATCA MPHGOPH ¢ MeXaHuy. o6TIopaTopaMu (TpepeiBaTCs-
MH) CBETA B BHAE JMCKOB HJIH IOJBIX Hapabanos co mensmu,
4epes k-phie HabmonaroT o6bekT, MaMepsas ckopocTh Bpaiue-
HHs TMEKa, P K-poii HabmrogaeMblit 0O6bEKT KaXeTCH OCTaHO-
BHBLIHMCS, MOXHO OnpeAcnuThb f;. Takue npubopel Has. cTpo-
Gockonuy. TaxoMeTpamu, IN1. JOCTOHHCTBO choﬁoTaxo-
MeTpa-—BOIMOXHOCTG  HIMCPCHHN Y. CKOpocTeit
BpameHus Ten 0€3 KOHTaKTa ¢ OOBEKTOM H3IMEDEHHS, HTO,
C 0aHOM CTOPOHBI, TIO3BOJISET H3MEPATH CKOPOCTh BHIHMBIX,
HO TPYAHONOCTYMHLIX 06%EKTOB, & € JIP. CTOPOHBI — H3MEDATh
CKOPOCTb MAJIOMOILMEIX 06bEKTOB §€3 BCAKOro TOPMO3SAILCTO
BO3ACHCTBHA HA HHUX CO CTOPOHBI IpHGOpa. [lHana3on uiMepe-
HH% TaKHMH Taxomerpamu 30—3000 pan/c.

B :mexrpoon'ruqecxux C. . B KayecTre NpephiBaTenel
CBETa HCNOJNb3YIOT ST y
K0T BRICOKYIO 4aCTOTy (10‘—10’ Imu Gu,vu,my}o CKBAXHOCTB
CBETOBBLIX HMITYJILCOB.

Haub6. cosepuieHnble npoMsituienbie C.IL—3T€KTPOH-
Hple, COCTOAILHE M3 3a[AIOLIEro YacTOTy MMMYJIbCOB reHepa-
TOpa H YNPABIAEMOT0 HCTOYHMKA CBETOBLIX HMIYJILCOB (y1a3e-
P2 WIH ra3opa3paaHOH JAMITHI), OCBEILAIOILETO KOHTPOJHpY-
eMbifi OOLEKT ¢ HMaHecéMMBIMH Ha Hero MeTkam. Yacrora
TeHEpaTopa H, CACA0BATE/IBHO, YACTOTA BCNLIIIEK TUJIABHO pe-
TYJHPYIOTCA HIMEHEHHEM MAPAMETPOB 3JICKTPHY. UETH O0braHo
B npenenax ot 2 ao 2500 I'u.

Bumyckatorcs C. 1. crnel. HasHAYETHs: JUIS CO3AAHHS CBETO-
BuX 3hheKTOB B TeaTpe, PEryJHPOBAHHA Y2 3aXHraHUs

B aBTOMOOHIILHOM JBHraTelle, HCCIIEAOBAHUA JIBHXECHHSA roJIo-
COBBIX CBA30K H T.II.

CymecrsyioT C.H. ¢ aBTOMaTH3upOB. 06paboTKOH pe3yis-
TATOB H3MEPEHHA — CTPOBOCKOTIHY. TaXOMETPhI ¢ WH(POBLIM
BBIXOJOM, CTPOGOCKONHY. OCHHAIOrpadel U Ap.

CrpobockoHHd. ocUMIIOrpad NpeACTaBIAET NPHMEP pea-
JTH3ALHH MJIeKTPONHOro apuauta C.H., B K-DOM JUIS aHajii3a
TNOBTOPHIOMIETOCH GBICTPOTIPOTEKAIOIETO IEKTPOHHOrO TpO-
ecca pollh CBETOROTO MMITYJILCA BBITIONHAET CTPOGHDPYHOMHHE
SACKTPHY. UMIYJILC, 4 POJL CHHTE3ATOpA CTpobockonud. o6-
pa3a— He 3PHTENBHBIN annapat 4eloBcKa, a 60K 3EKTPOH-
HOH obpaborku curHama. Ipummmn paboTsl crpobockomuy.
ocuuIorpada noscHéH IMiopaMu Hanpsxeuuit U (puc.). U3-
MEPAKTCA MTHOBCHHLIC 3HAYEHHSA MOBTOPAIOIIMXCH CHIHAJOB
(a), HOCTYHAIOIIMX Ha €ro BXOJI, ¢ IOMOIIBIO KOPOTKHX cTpo6-
HMMIIYTECOB HATIPSXCHHA (6). CTPOGHMIIYTbCHI aBTOMATHYE-
CKH CIBHTAIOTCH BO BPEMCHH OTHOCHTEJNBHO CHTHAJIA TIPH KaX-
[IOM €ro NOBTOPCHHH M TakuM 00pa3loM NOCTefoBaTCIbHO
CYHTHIBAIOT €ro. B CMECHTCIE, Kyda TOCTYNAKT CHIHAJIBD
H CTpOBMMIYILCE], NPOHCXOAST MOAYNALMS HMIIYJILCOB TIO
aMIUIMTY/le H OJHOBPCMEHHO HX pacumpeHde (g). Ha sbixone
ycTpolcTBa 0fpa3yeTcd MOCAeA0BATENLHOCT: PACIIHPETTHBIX
HMMIIYThCOB  HAnpsDKENHs, orubaroIlas K-pPbiX TOBTOpSET
topMy curuana. Ipu 3ToM xaxabifi paCIUMPENHEIH HMITYIILC
HecéT WHPOPMALIUIO O BeTHUHHE CHTHAIA B AdHHOM Touke. OTa
TIOCTICAOBATENBHOCTL HMIIYJILCOB B CBOKO O4epeAb LHKITHYHO
TNOBTOpAETCA. Brimensds oruGaroniyio PaCUIMPEHHBIX HMITYJIb-
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CTPOBOCKOMNWYECKUMN

COB, MOXHO TIOJIyYHTb AHAJIOTOBBIA CHTHAJI (2), K-pBIH HIEH-
THYEH TO (POPME HCCIEAYEMOMY, TOETYNAIOWEMY HAa BXOX
ocuuorpagd, HO «pacTanyT» 8o BpemeHu. Kosb. pacrs-
KENNS CHUrHa/la BO BPEMEHH OK43bIBACTCA PABHBbIM OTHOLIC-
HHIO TIEPHO4 TIOBTOPCHHSA CTPOOMMHYJILCOB T; K LIAry CHM-
THIBaHUS Af.

Braromaps HakalUIHBAHHKO CHTHA4 BO BPEMEHH cTpobo-

CKOTIHY. OCHHINOTpac OBNAfdeT BHICOKOH YYBCTBHTCIBIIO-
CTBIO (€/THHHILI MHILTHBONLT), a 61aroflaps «BBIDE3KE» CHUT-
Halla €3 NOMEX Y3KMMH CTPODHMNYIbCAMM H3 LIHPOKOMH TO-
JIOCHI TpOTyckaHus mnpubopa (Ao 1 M) obecnedusaer BO3-
MOXHOCTb 4HATH3HPOBATh nepexouuble HPOICCChl B HAaHO-
H MHKoceKyHAHOM aManaszoHe (107°+107'2 ¢) ¢ mamoi To-
rpetHocThEo (1%) B 60s1b1IOM mma\m‘i smanasoue (1073 —
I B). D10T CTPOBOCKOTIMY. METON HCCIEAOBAHMH IIMPOKO NpH-
MCHSICTCS AT M3IMEPEHMS aMILTHTYJ{ U MTHOBEHHBIX 3HAYCHHMI
HAHOCCKYHIHBIX TIOBTOPSAIOLIMXCA HMIYJIbcoB. Ha awaiorny-
HbIX HPMHUMNAX PAbOTAOT CTPOGOCKOTHY. ASTCKTOPbI H Ap.
TpHGODHI.

Jlum.: Boraganos K). M, TlpuGopsl ToMIOH MexaHBKH, M., 1960;
Pa6unun 10. A, CTpob OCLHILIOT 2 win..
M., 1972; Naccan B. JI., HiMepenue yraoBeix cropocTedl, M., 1970;

PaGuuuH FO. A. [# ap.]. Mccrenopanue [HKOCEKYNIHBIX HMITYJILCOB
CTPOBOCKONMYECKHMH OCLMLIOIPadaMH H yCTpOHCTBaMu, «MismepHT.
TexHHKa», 1984, Ne |, c. 51. . A. I'. Bawoe,
CTPOBOCKOIHYECKHNA YOOEKT — oauH H3 BHAOB wi-
AK03uil onMuYecKuX, 3aKIIOYAIOIHACA B CITHAHHH B COIHAHHH
3PUTCIA B OAHH 06pa3 0TA. u30GPWKEHHH NENOABMKHOIO HIIM
JBHXYUICTOCA  (IpEAMETa, HaOMOAaeMblX HC TCHPEpPBIBHO,
a B TEYEHHE PAAL KOPOTKHX H TIEPHOJHYECKH CIEAYIOIMX APYT
3a APYroM MHTEPBanoB BpcMeHH. C.3. BOIHHKACT, HAmp.. NpH
NEPHOAHY. BEMBILUKAX CBETA B TEMHOM NOMELICHHH HIIM HPH
TIEPHO/IMY. OTKPBIBAHMH H 3aKPbIBAHHH BPALIAIOLIMMCA JHC-
KOM C TIpOpe3siMH HPOCUHDYEMOM Ha 3kpaH kapTHubl. C.3.
0OOyC/IOBNEH T.H. HHEPUHEH 3IPCHHSA, T.€. COXPAHCHHCM
B CO3HaHMM HabmomaTena 3pHTENsHOTO 00pa3a B TeueHUC
0,1—0,2 ¢ yxe mocne TOro, Kak KapTHHA, BRI3BABIUAA 3TOT
ofpa3, ucuc3HcT. Ecin Bpcms MOxAy OByMs NOCICAOBAT.
HabmopaenusMH mnpeameta <0,1—0,2 ¢, To 06pa3vl, Bbl-
3BAHHRBIE OTCIBHO KaXIbIM AKTOM HaONIOJNEHHSA, CIHBAIOTCH
H HabmozeHuc CYOBEKTHBHO KakeTcs HENpPEPhIBHRIM. IIpH
T4KOM NOCNENOBAT. BOCHDHATHH PAZIA CTALHOTIAPHLIX MOJIOXKE-
HHA OOBCKTA, OTIHMYAOLUMXCH HCK-DbIM HIMEHEHMCM  HX
$OpPMbI HIIH PACHOMONKEHHS, BO3HHKAET BIEYATICHHE ABMXC-
Hust ofbekta. Ilpu 3ToM yri. capur kKOHTYpOB 0OfbekTa He
JIOJDKCH HPCBBITIATL s Habmomatens 4, 4ToObI JBHKEHHE
BOCTIDHHHMAI0Ch HITABHO NEHPEPLIBHBIM, 6€3 CKaukoB.
Boamoxuer 182 Tuna C. 3. Iepebiif BO3HMKAET NpH Mpephi-
BUCTOM HAGNIOJEHHH HPOM3BONILHO JBHAYMMXCH Ted IDTOT
THH C. 3, HENOIL3YETCA B KMHemaTorpade U TCICBHACHHH 1%
BOCHPOM3BECHHS JBMXYIHXCA HIOOpaxcHHA. Bropo# THn
C.5. BOIHHKACT TIpH HaOMONEHHH OOBEKTOB, COBCPILAIOIIHNX
TIEPHOJIMY. MJTH KBA3HNEPHOHY. JiBHxeHHe. MTro3us nonnoi
HEHOBWKHOCTY BPAUIAIOUICTOCS € YacTOToR f; HpeaMera,
Hamp. Koseca (pPHC.), BO3HHKACT, €CIH YacTOTa f, COBMajacT
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€ YacTOTOH MOMCHTOB Hal.IHOJCHHS (BCHBILICK) f>. Bpawaro-
HIAACA CTHUA KaxIplH pa3 ocBeLlAeTCH B OMHOM M TOM XC
NONOXKCHHH (0 M KaXeTcs HCMojasMxHOH. Ecmu e f, u f; He
PaBHbl, IO GIHIKH, TO BOCHPHHMMACMOE KaXYLIECCs IBHXEHHE
XapakTepusyercs wactoTol f,—f,. Ha puc. (@) /> </, T.e.
BpeMA MEX[y BCHbIWKaMH OOJIblIe NepHoaa 060poTa CIHLbI
M OHA YCTIEBACT €ACNaTh Ueablii 060pOT H el MOBEPHYThCA Ha
neGonpiwoi yron. Ilpu kaxaoi creayroLIcH BCnbltuKe crnHua

OyAeT Ka3uthbCs eABHHYTOH HEMHOTO B HAanpaBJIeHHH Bpatue-
HHS MOCJICAOBATELHO B NOMOKeHus 1, 2, 3 u 1,1, 1.e. Byner
Ka34ThCS MEUIEHHO BPALUAIOIIEHCS B TOM XK€ NMATpABICHHH.
Ecmu f,> /), TO xaxaas MOCIEAYIONAA BCIbIIKa OyAeT OcBe-
AT CHHLY, KOTAd OHa €Wé HE CAeala MOIHoro obopora,
T.e. TIOC/IEAOBATENBLHO B MONOXeHusx |, 2, 3 (puc., 6), 1 ona
6yaeT K4a3aThCS MCJUIEHHO BPALIAIOILEHCS B CTOPOHY, HPOTH-
BOTOJIOKHYIO € PCATLHOMY JIBHXEHHIO.

Ipubopsl ans peasuzauun C.5. BTOPOro THNA Na3. CTPO-
SockomamMu. B coBp. cTpobOCKONAX HPEPHIBHCTOC OCHEINIE-
TIHE OCYLIECTBISCTCS C NMOMOINIBIO HMITYIbCIIBIX JAMIT C PETy-
JIHDYCMOM 4acTOTOH Bembliek. Bropo# tun C.3. xopouio
HaOII0AaCTCSA NIPH /IBUKEHHH OOLEKTA C TICPUO/IMY. CTPYKTY-
POt (BpAILAOIIHECS JUCKH, PA3IENEHHbIE Ha CEKTOPA, Koaéca
CO CIMUAMHM); erO HCNO.Ib3YIOT, MATp., B MHIHKATOPaX YIJL

CKOPOCTEH.
Jum.: Kpaskos C. B, Thaz u ero pabota, 4 waa., M.—JI., 1950;
Jyusos A, B, Muepuua apeuns, M., (961, A. T. Bawoc.

(,TPOHI_H/!H (S‘mnuum), Sr.—xuM 3i¢MeHT 1l rpynnbi nc-
PHOMY. CHCTEMBI 3JIEMEHTOB, aT. HOMep 38, aT. Macca 87,62,
LIETOUHO-3CMC] u,m,m METAJA. l'Ipupo):lelu C.—cmech CcTa-
6unpnbix  5*Sr, %Sr—"8Sr, B k-poit npeobnamaer %8Sr
(82,58%), a Meubiic Bcero "*Sr (0,56%). Koudurypauus
BHEILL. 27ICKTPOHHOH 000MoukH Ss%. DHCPIHM MOCIENOBAT.
MOHM3ALMH PABHBI COOTBETCTBERNO 5,695, 11,030, 42,884, 56,3,
71,6 3B. Paamyc atoma C. 0,215 nm, paauyc uoma Sr*
0,120 HM. 3HauCHUE 31CKTPOOTPHUATCIBHOCTH 0,99,

B cBoboanom BHac —MSATKMHE 30N0THCTO-KENTHIH MCTaLL.
Ipu TemH-pax OT kOMHATION K0 248 “C ycTORYMB ®-ST € Ky-
6HY. I'PAHENCHTPUPOB. PEIHETKOH (mapamcrp a=0,6085 HMm),
upu TeMn-pax 248 —557 °C—B-Sr ¢ rexcaroxanpholi peiét-
kot (napameTpbl a=0,432 M 1 ¢=0,706 um), ot 557 “C no
fan =768 "C—v-Sr c kybH4Y, OOBEMHOUEHTPUPOB. pcmerkou
(napaMcTp «=0,485 uM). T[lnoTHocTs o-Sr 2,630 krjam?,
Leun = 1390 °C, TenmoémxocTs c¢,= 26,81 [Ix/(Mons - K), Ten-
noTa mnnaesieHus 8,38 KII)K,Monb TenaoTa  cyOIMMauuun
151,7 x/Ix/Monn, Tennora kuuenHs 134 x/Ix/Monb. Y. anek-
Tpuy. conpotusienne 0.20 MkOM M (upu 0 °C), TepMHY. KO-
5. aMeKTpud, conpoTusienns 5,2+ 107 *K ~* (npu 0—200 °C).
Marn. BocnpaamMynBOCTh 1,05 107°. Cp TEPMHY. KO3, JH-
HeifHoro pactmuperns 2,3-107°K ™!, Monyne HOpMaibHO#
yHpyrocTH 16,0 T'Tla, moayns ciusura 6,08 TTla, mMonyne
ob6wEMHOro exarus 12,2 I'lla.

XHMUUYECKH BBICOKOAKTHBCI, PCArHpYCT ¢ KHCIOPOAOM
M a30TOM BO3JlyXd, CTENeNb OKHCIIEHUd B coeaunenuax + 2. ITo
XMM. CBOHCTBAM AHAJIOTHYEH KANBLMIO U GapHio.

Metanmny. C. HCHONB3YIOT B KAYECTBC a30MOMSIOTHTENS
B D/1.-BAKYYMHBIX IPHOOPAX, ¢ro A0GABIHIOT B ATIOMHHUCBBIC
M Jp. cnen. craasbl. @Topun C.— moMHHOQOP, Na3epHbiH
M ONTHY. MATCPHAT. IIoGaBka okenaa C. (SrO) B créxna
yIOydlIacT Mx pajauag. croiikocts, Comu C. [uutpar C.
Sr(NO3): H Ap.] NPUMEHSAIOT B MHPOTCXHUKE AjS OKPALIMBA-
HuA mnaveHd. Tpu acicHuu sjiep U B SACPHBIX PCakTopax
H HDM B3DbIBAX SIEPHOTO OPYXKHA 06 43YIOTCH SHAMKT. KOJI-BA
?deHOdKTHBHle nykmuaos C.o ®9Sr(T,,=50.5 cym) u
OSr(T1,2=29,12 roaa), K-pble HPEACTABIIAIOT GOJIBILYIO OHAC-
HOCTb AJIs OKpyXatollell cpesibl (ocobenno 2°Sr), T. K. JUIMT.
BPEMS TIAXO/ATCA B MOBEPXHOCTHOM CJTO¢ 3eMIIH H obmanaior
BBICOKOH MHIDALMOHHOHN CnocoSHocTbIo. °ST HakanausaeTcs
B KOCTHBIX TKaHSX XHBBIX OpraHMIMoB, 3amewas Ca, 4ro
BEAET K XPYIKOCTH KOCTEH M JIP. BPE/IHbIM BO3ACACTBHAM Ha
OPraHWIM, NMOJTOMY AKTYa lbHa HPOGIEMa OYHCTKH OT HCro
cTounslx BoA ADC H 1p. C. C. Bepdonocos.
CTPYKTYPHASL AMILIUTY JIA — ciocoGHOCTb  3nemen-
TapHOH AYefikM KPHCTANI1A KOT€PEHTHO PACCEHBATh PEHTI. H3-
JIyYEHHC. 3aBHCHT OT YHC/IA ATOMOB B KDHCTAILIHY, AYCHKC, HX
ATOMHBIX (baKTOPOB, AJIHH M yrioB cBsacih. To xe, 4TO CmpyK-
mypusiis hakmop. .

CTPYKTYPHASl ®YHKLIHR B XBAaHTOBOH TCOpHH
HO 18— (QYHKIHA HHRAPHAHTHBIX MMIYJICHbIX TIEPEMEHHBIX,
OHPCD,C‘UHOLI.IHX HEYHPYro¢ B3AHMOJEHCTBUC Y-KBAHTA MITH

Z°-60%0HoR ¢ agpoHami. C. ¢. BXOOHT B BBIPAXCHHE
s q)ypbe 06pa3d KOPPEAATOPA ABYX BEKTOPHBIX TOKOB (3J1.-
MArHHTHBIX KM CTabbIX) j, (X) B aapoHHOM cocToanuH ((P()
€ 4-HMHY:IbCOM P
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3necy 8y — METPHT. TEH3IOP. I, V= 0,1,2,3, F,:—C. ¢,
3aBHUCALIHE OT =—q? (tae g— HeK-| pbm 4- uwnynbc) oT-
nowenus x=?/2(Pq) u kBaapara Maccer anpona P2, € pyap—
aﬁcomorrm aHTHCHMMeTpH‘leIH TEH30p (anHHTa CHUCTEMA
emuuun i=c=1). TIpu ostom F, u F,—xF,; onpenensor
B3aUMO/ICHCTBUE TIONIEPEHHO H TIPO/OIILIIO TIOJISPH3IOBAHTIOTO
BHPTYaJ BHOTO Y-KBAaHTAa, a4 F3—KOPPEJALHIO aKCHAILHOTO
# BexTOpHOro TokoB. Koppensrop (+), a cieroBatenkHo,
H C. . BXOMAT B BoIpaeHH 1718 AHGDEPenLl. ceueHHs pacces-
HHA JIENTOHOB Ha ajpoHax (cM., Hamp., fiyboko ncynpyzue
npoyeccet) B HU3MIEM TIOPAIKE HO KOHCTAHTE 3J1.-MATHUTHOTO
(MM c1a60ro) BIAHMO/IEHCTBHA.

B Hpenene ynpyroro paccesHus, xorna (P+q)2=P? (s
3TOM cA1y4ae g— 4-BEKTOP TMEPEAAYH HMIIYJIbCa OT JNENTOHA
azpony), C. ¢. BeIpaxaroTcs Yepes KBAAPATH! éap,uéakmopoe
afpoa M OeIcTpo majaT ¢ poctom Q2 Mis rnyGoKo
HEYNPYroro paccesHHs B Hpeaene GObLImX (I’+q)2 Q%>> P2,
HO (MKCHPOBAHHOM 3HA4EHHH X (T. 1. ObEPKEHOBCKHI npenen)
BKWCgMMeHTaﬂbHO ycranosneno, 4to C. ¢. cnabo 3aBucat

B mogeni napmownos C. ¢. BbIpaXaroTca Heped pac-
npellenel»me TIAPTOHOB B 4JIPOHE IO OJSAM TIOJTHOTO HMHYIIbCA
agpoHa P. Ipu 3TOM PONb JOfM HMHYJIbca HTPAET Iiepe-
MEHHaA x. TaxkuMm obpazom, C. ¢. B 3Tolf MoJenH He 3aBHCAT
oT

BQPCHOPMMpyCMOM KBaHTOBOH TEOPHH TONA 3aBHCHUMOCTH
C. . o1 (2 CBA3AHA € THHAMUY. QHOMATBHOIMU PAIHEPHOCTRA-
MU IOXaJIbHBIX ONepaTOpPOB B 2p pas. npo-

cmansa. C. . 1. MOTYT NPOMCXOAUTE TIPH H3MCHCHHR ONWHOTO
WK HECK. TEPMOJHMHAMHUMY. NAPAMETPOB — TEMII-pbIL T, AdBiae-
HHA p, KORUEHTPAUHUKA XOMTIIOHCHT (B CllyMae ¢ni1asq R msép-
dozo pacmeopa) U jp. Haub. mayucrst C. . 1. no temn-
pe. Kak npasuno, Hpu noHwxenwu T no 7T, npoucxonar
C. ¢. N. M3 KPHCTAJLIHY. CTPYKTYPHI ¢ GOJIEE BHICOKOH CHMMET-
pHEH B KPUCTAJUTHY. CTPYKTYpPY C §oJjee HU3KOH cuMMeETpHER.
TIpu 5TOM MCXO[HAS M KOHEYHAS KPUCTAJUIMY. MOAM(HKAIMK
(tha3pl) MOTYT pe3ko OTIMMATLCA MO CBOHCTBAM (cM. [o.au-
mopduis). C. . n. OBWYHO COMPOBOXKIANOTCE  M3MEHE-
HMHEM CBOWMCTB TREPAOrO TENd — YIPYTRX, 37€KTPUHCCKHX,
MArHHTHBIX H T. I (CMA C(’(’”PM()?.’MK”IPMKM, . Cezremonaa-
cmuku {2, 3]).

Ecnu u3MeHseTCs TO.TLKO TOMEYHAS CHMMETPHA KpUCTAJIa,
To C. . n. HA3. COBCTBCHHBIMH, €CTIM UIMEHAETCA TPAHC-
JIALHOMKAs CHMMETpHS,—HecoGcTrenuu Mu. [Tocneanue
TIPHBOAST K BOIHHKHOBEHHIO CEEPXCIIPYKITY P, KAK COHIMEDH-
MBIX, TAK U HECOM3IMEPHMBIX, & TAKXKE domenos (OpHCHTaU.HOH-
HBIX H TpaHCJ‘lﬂuHOHHHX).

Jlnsg  onpenieneHMs BOIMOXKIEIX [JIS JIAHHOH HCXOAHON
CTPYKTyphl MyTeii (kaHalloB) HEPEXOAA B AP. CTPYKTYPHI HC-
MONb3YeTCH METO/J, OCHOBAHNBI HA TEOPETUKO-TPYIIORON
KNaceUHKAHM KPHCTALIHY. das {1 ]

Muorue C. ¢. I. CONPOBOKNAIOTES U3MEHEHHEM (DOHOHHO-
TO CNIEKTPa —— HOABJICHHEM B NEM T. H. MATKOH M O /1bI, CBH-
JETENILCTBYIOIER © TieyeTOWYHBOCTH HAHHOH KPHCTAIUIHY,
CTPYKTYDBI; OZHAQ W3 ONTHY. BETBEHl €MEKTPA «CMSATYAETCH,
T. €. IENIb B Hell PEIKO yMEHBLIACTCH, a 3aTyXaHHe KoneGanui
Pe3k0 pacTéT ¢ npubmwkeHueM T k T, (eM. Ko.sebanun kpu-
CMAAIUNECKOIL PewtémKi).

XapaktepusiM Aas C. §. . sBisiercs Takxe NOSRICHHE
B fboHOHHOM CHEKTpE T. H. LEHTPAJBHOTIO NHKJd—HUI-
KOYaCTOTHOH peJlakcall. MOJBl MaJloH IMUPHHEL (TIO YacTOTe)
H BbICOKOH HNTETIEUBHOCTH, CBAJAHHOMN C JABHXCHHEM [1OMCH-
HBIX CT¢HOK BOJTH3H TeMI-pbl Hepexoaa 7.

H3BEZICHHS TOKOB B BHLIDAKEHHH (). 310 MPHBOJIHT K Moumpn-
KalUHH napTOHHOH MOJACIH, K 32aBUCHUMOCTH pacnpemneuﬁn
TIAPTOHOB OT KBajipaTa Mepefaud HMNyibca @2, orxoay ot
TOYEYHOCTH TAPTOHA M BO3MOXHOCTH HEYNPYroro B3aHMOIeH-
CTBHA MapTOHOB C JEHTOHAMU. Bce 3TH ekt (B T. u.
H aHOMAaNbHBIC pa]MCpHOCTH) BBLIYUCIIAKOTCA B TCOPHH BO3-
MYLIERHi K6anmodoii xpomodurnamuxyu ¢ dd. 3apanoMm o, (Q?).

Jum. cM. upH c1. Thiydoxo neynpyzue npoyeccsi. A B. Eg?pe»ma
CTPYKTYPHASl ®VHKUMSI cnyuaiinoro npouecca
(&, teT} (TS R'—Hek-pbiil KOHEUMbIH HIH GeCKOHEUHRIT
HHUTepBan) —koppeaayus D (t,, 1,) ero npupameHnd A:§
¥ A.f Ha JByx HPOMEKYTKax BpeMenH t,=(f(, (1)
=g, 19T, i<t i=1, 2. tae A, E=E;/—
Tarum obpazoM,

D (1), =8, E—{AB) (Mg — A BX) =
=(ArE AE) —<ALE) (A58,

rae {...) 03HaYaeT CPefHEE MO PACTIPEACICHHIO BEPOATHOCTEH
npouecca &,.

Hrorna C. ¢. va3biBatoT Tonbko AWcnepcHto D (1) mpupa-
mewnH A&

D(R)=D (1, )=(ALE— (ALY

Mo ¢-uuu D(t) moxHO BOccTaHOBHTHL M momnnyro C. .
D(ty, T3); cM., Hamp., JHT-PY .

B cysae CAYYGLIHO20 POYECCA CO CMAUOTIGPHYI MU NPUpaLe-
nusmu {&,, te R'} ero C. b. D (1, T3) ue Meusercs MpH mmo-
60oM «CIBHTE» HPOMEXYTKOB T, 75!

T TiHs=(ti+s, tj+s), i=1, 2, se R

Jlum.; Tuxman A. ., Ckopoxon A. B, Beenenne p 1e0pHIO
CAYRAfHEIX NPOLECCOB, M., 5. P. A. Munaoc,
CTPYKTYPHBIE ®A3OBBIE NEPEXO/IbI (xondurypamm-
OHHHIE (pa30BRIE NIEPEXO/bI, TIOIHMOP(HBIE MPEBPAINEHAS) —
(asoBRIE MEPEXO(BI B KPHCTANLNHY. TBEPABIX TENAX, COCTOALIHE
B NIEPECTPOAKE CTPYKTYPHI STHX TEJT 32 CHET HIMEHEHHSA B3aUM-
HOTO PACTIONIOREHHS OTAEIbHBIX ATOMOB, HOHOB MIIH HX TPYHII
H NDHBOZAILIKE OOBIYHO K K > THHA cummempuil Kpu-

JKCnepEMEHTAIbHNE MeToabl. JxcnepuMenTansio C. §. 1.
HACHTUGHLMPYIOTCS C TIOMOILBIO AN(PaKIl. METOAOB— perith-
2€HOBCKO20 CIMPYKIMYPHOZO UHAAUIA Y neumpoHozpaéuu cmpyk-
mypHou (I'lO H3MECHCHUAM MEXATOMHBIX pe\(.LTOHHMM u obbEMa
INEMEMTapHOH SUeHKH), 10 OCOBEHHOCTAM B TIOBEJICHMM TEII-
noémroctu C (7) Hpr T=T,, a Takxke N0 UIMEHEHHIO CKOPO-
CTH 3ByKa M YNPYrHX MoAynei pemérku. Menonpsytores Tak-
*E pe]onaucnble METOABblI, CCHOBAHHBIC HA TIOABJICHHH MSATKOH
MOJBI M ULUEHTP. NHKA, K-pbIE [OCTEKTHPYIOTCH € TIOMOLIbHY
KUMﬁllHaquHNDZ() paccednus ceema, Manoessumama—
Bpuamosna paccesHus, 4 TAKKC HEYNPYTOTO DACCESHRA HElf-
Tporos. s C. ¢. 0. ¢ y4acTHeM MArHUTOAKTHBHBIX HOHOB
TNPUMEHSIOTCS TAKKE OIEKTPOHIBIA TAPAMATH. Pe3OTATIC
(3T1P), snepubiii Mard. pesoHanc (SIMP), méccbayspockas
CHEKTPOCKONHA.

Hismenenne napamerpa uopsaka. Kak u mobble dazossie
nepexoder, C. . . COHPOBOXIAKOTCH HIMEHEHUEM NIAPAMET Pa
HOPAAKa, K-DbIH Xap4aKTEPH3YCT KOOPAMHAN. YHOPAAOHCHHE
B KOHMACHCHPOB. cpene (cM. Jaaviuii u dauxciuii ROPAOOK).
MaKpOCKOTIHY. TAPAMETPOM TOpsAKa HpH omkeanun C. . 1.
MOXET CTYXHUTh H3MEHCHHE JIOKAIBHOMH fJTOTHOCTH KPHETA1a
Sp(r)=p,(r)—p(r) [MHACKCH | H 2 COOTBETCTBYIOT HCXOHOR
M KOHEYHOH $ha3aM; TouHee, CIEAYET TOBOPUTH 0 Habope koI,
pazfaoxeHus Sp(r) HO HCNDHBOAMMBIM MNMPEACTABICTHAM HC-
XOIHOW IPYNIbl CHMMeTpHM kpucTamma G | TIpu Muxpocko-
NHY. OMHCAHHH TApaMETpP MOPAIKA CTPOHTCH HA BEKTOpax
CMEILEHHH ATOMOB OTHOCHTENIBHO HX Cp. MOJIOXENHH (Y3IoB
KPHETQJUTHY. PEUETKH) B HCXOHOM hase.

Cpeau Beex Bo3MoxHEIX C. . n. pazmuuator C. ¢. m. 2-ro
pona (TMHa CMEIIeHUA), MPH K-DbiX HAPAMETP MOpAAKA
W3MEHSETCH TJIABHO M HENpPephiBHO, 0Opallusck B HyJb TPH
T=T,, u C. ¢. 1. 1-ro poaa (THHa NOPSNOK— GeCnOPSAOK),
KOI1a TIAPAMETP TOPHMKA MCTBITHIBAET cKauok HpH T=T,.

$. m. THNa cmemenns Gomee XapakTEpPHbl AIS MPOCTBIX
Bemiects, Toraa kak C. ¢. n. THIA mOpsacx — GecnopAaoK —
ANs GUHAPHBIX CILIABOB M TBEPABIX paeTBOopoB. IlpuMepom
C. ¢. . 2-ro pona seasetcs ynopsaouemie B B-natynn CuZn
¢ OLIK-cTpyKTYpOH HiM B ABYXKOMIIOHEHTHBIX CHJIaBaxX THIA
AB (AuCu, CoPt, FePd u gp. ¢ C'LIK-cTpykTypoif). Bo Bcex
JTHX BEIICCTBAX BLILIC T, JATIOJIHEHHE BCCX y3/I0B pCLUéTKM
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ATOM2MH THI2 A HiH B NPOHCXOAHT PABHOBEPOATIIO (BEPOAT-
HOCTH P 4= Py), 4TO COOTBETCTBYCT HEYNOPALOYEHHOMY CO-
crofnHo. Huxe kpUTHY. TeMI-pui P 4# P g, YTO COOTBETCTRY-
€T YNOpALOYEHHOMY COCTORHHIO. [IpH 3TOM BO3IHHKACT CBEPX-
CTPYKTYPa, Xap4KTCPH3YIOUIAfiC CKA/MSPHRIM NapaMCcTpoM
nopsnka | P4—Pp|/(P4+ Pp) ¥ BONHOBEIM BeKTOpoM k#0
[4]. AnamorudHo MoxXeT GbITh OMHCAHO YNMOPHA/IOYEHHE B HEK-
PrIX (a3ax BHEAPEHHS, HAMP. YNOPIIOYCHHOC PACTIPC/ICICHHE
BOIOPOAA WIIH AeHTepHs no Mexaoyatusm Nb u Ta B run-
punax Nb—H (D) u Ta—H (D).

Bonee ciokHbill (TPEXKOMIIOHEHTHBIH BEKTOPNBIA) Napa-
MeTp NopAAka HeobXxoauM s onucanua C. . M. THna cMme-
IUEHHS B CBEPXTIPOROAAIIHX UIMEPMEMAAILECKUX COCOUNENU-
ax Nb3Sn u V 3Si (npocTpascTBettas rpynna cuMMcTpuu O7),
a TaKxe B HW; W ZtV,, Haxoasmuxes BT, H. pade Jlaseca
(IPOCTPAHCTBEHHASA FPYNTA CHMMETPHH OJ). B neppom cnydae
KPHCTaNN MEPEXOANT W3 NPOCTOH xyﬁu'i pemcrku B TETparo-
HaNbHYlo (M3menenue cuMMmeTpun OF —+D34), 4 Bo BTopoM —
B opTopomeeucym HIIH Pomﬁoanpw{gcxym {MIMEHEHHE CHM-
METpHH O] -D3 uan Diy). B 06oux caysasx memMenTapHas
sYeHKa COXpaHsAETCA, T. & k 0. B cerneToanexTpukax BaTiO
# SrTiO; C. ¢. 1. NpOHCXOAAT NOCPEACTBOM CMEMIEHHA HOHOB
OTHOCHTENBHO OKTadApa O HIIH NOCPEJCTBOM NOBOPOTA ITO-
ro OKTA3Apd.

OGpasosanue aomenos. Ocobentoctio C. ¢ N. N0 TeEMH-pe
ARIsETCA OOpa3loBaHHe NOMCHOB B kpHCTauie TMpH T<T,
Mockonbky TemnepaTypHoe BO3NefiCTBHE SBJISETCA CKANAD-
HBIM, T. €. HE MMEET HAMPABJICHHOCTH (B OT.IMYHE, HAND., OT
BO3IACHCTBHA MEX4HHUECKOr0), TO B COOTBETCTBHU ¢ Kiwpu
npuRYuNOM TOYEYHAS CHMMETPHA KPHCTAJUIA HE JOJDKHA H3-
MEHSATLCA, ITO U NPHBOJIHT K TIOARJICHHIO AOMEHHOH CTPYKTY-
pul {cM. Jomenvr). CUMMETpHS B NpciefiaX KaXaoro AOMEHA
HHXE CHMMETPHH HCXOQHOTO KPHCTAL14, OQHAKO PACNooKe-
HHE JIOMEHOB ONPENCIACTCA JNIEMCHTAMH CHMMETDHH, yTpa-
HEHHBIMH TP NEpexoae (B NpocTediieM Ciiydae obpasyroTca
T.H.aHTHOa3ubte oMeHbl). [Ipu 06pa3oBaHUH TOMEHOB
B PeaJbHOM KDHCTAJUIE CYLIECTBEHHbI IHEPICTHY. (aKTOpBI,
TPAHHYHLIE YCTIOBHS, AedeKTl W T. M. [5].

Kaxpili JOMEH JOJKeH OTJIHYATHCA OT OCTAJIbHBIX 3HAUE-
HHEM TEH30pa Ac(GOPMALHH, ONHELIBAIOTIIMM CHOHTAHHYIO Je-
$OpManHio HCXOAHOH INEMEHTAPHOH sucHKH. BHEHL. fap1eHHe
CHUMa€eT BBIPOXKICHHE 1O JHEPTHH Y JOMEHOB H JIe.1aeT SHep-
FETHYECKH BBITOAMBIM OJHH W3 HHMX; IIPH 3TOM (a3oBas aua-
rpaMma KpHCTaJlId CTAHOBHTCA Oonee coxHOH. Hanp., B TeT-
PArOHANBLHO AeOPMHUPOBAHHOM KPHCTAIIC MPH OJHOOCHOM
HaTPAKEHHH H3MeHseTcA poa (Pa30BOro Nepexoaa co 2-ro Ha
1-ft ¥ Ha $a3oROH AHATPAMME NONBIACTCS MPUKpURtIecKas
mouxa. Pazopble anarpammbl C. ¢. M., COJAEPXAIHE HOAU-
Kpumuueckye mouxu, X4pakTepHbl s MHOTHX KDHCTAIOB,
Hanp. kpueTasuion Tuna neporckuToB KMnF;, CsPbBr;
W KpHCTAIIOB THNA MNAS, HONYyCKAIOLMX HECK. HOCEN0BA-
TeNbHBIX C. ¢ 1., 4 TAKKE Maziuwmibie $a3osble nepexodsl.

Koandectsennoe onkcanwe C. . n. gagéres oObiuHO Ha Oc-
Hose Jlanoay meopuu §a3’oOBhIX NEPEXONOB C AATbHEHIIMMH
YTOUHEHUAMH (Hamp., y4éToM quIyKTyauuit napamMeTpa nopai-
ka). fpuMensieTca Takke NPHOIHXEHHOE BLIYMCIICHHE ETATHC-
THY. CyMMBbI KDHCTAJUIA, Hamp, 1pH OTHMCAHMH YIOPSNOYUHBA-
IOIHXCA CIUlaBoB npubiamxennem Bparra — Bunbamca (oM.
Cpednezo noas npubauxcenue), Kupksyaa u ap. [6] (cm. Kop-
PeAAYUORHAA BYHKYUT).

B ocHore muxkpockonuy. onucanus C. ¢ M. JIEXHUT NPOCTOMH
KBa3HKAAECHY. TAMMIBTOHHAH [6, 7], ONMELIBAIONIMHA JIMHAMH-
YECKM HEYCTOMYMBYIO DELIETKY Kak Habop €BA3aHHBIX daHrap-
MOHHU. oelnATOopon [6, 7]

H 4 . B 0. C .
+3 {,, i+ ol }+,, S (ui—uy)
T2 4 . 2

Takoi raMu/IbTOMMAH MOJICTHPYET KPHCTAJUT € 2 MOAPEINET-
KaMH, B K-POM aTOMbI OJHOM M3 HX (kEeTKO (PMKCUPOBAHHO)
€O3J4K0T XapﬁKTCprlﬁ }]ByxbﬂMHblﬁ NOTEHUHAJT JIJIA TIOABHX-
HBIX aTOMOB Ip. NMOAPEWIETKH (cM. pHC.). 3aech uy, py (B
OAHOMEPHOM  CIIY44€ — €KA.TAPHBIC BCJ‘[M'—IMHH)—CMCMEH“E
H HMTYTbC aTOMa Macchl M, PACIONOKEHHOTO B /I-M yane
KPHCTaJHY. peéTk; ko, 4#0, Bu C>0. Koad. 4 xapak-

KoH(HI ypaLHOBHAR NOTCHUHANBHAR SHCPIHA ATOMOB «HOABHKIOH)
NOAPEWETKH B NIONIE ATOMOB HEIIOUBHXKHOH
HRIH Cilyuai).

repH3yeT MOAY/Ib YIIPYroro CXaTus, Koa¢. B— aHrapMOHHIM
pewéTkd, C— B3aHMOICHCTBHC MEXIY 4TOMAMH B COCEAHHX
yanax [, I

B CHCTCMC, ONHCHIBAEMOR IaMHILTOHHAHOM ¥, HpH T, #0
NPOHCXOMHT (Ja30BbIH NCPCXOJ B YNOPANOYEHHOE COCTORHHE
¢ KOHEUYHBIM Cp. CMELIEHHEM i#; #0. BOIMOXHBI 2 NpEAETbHBIX
CIy4asi, COOTBETCTRYIOLIHE EPEXOAAM THIIA CMELLUCHHS B THTA
nopu}]ol{—ﬁeeﬂopuﬂo& Ecau 1IDH HH3KHX TEMI-Pax BCE NO-
JABWKHDIE ATOMBI PACHOJIOKEHBI Ha JIHE IEBOH HOTEHLHAILHON
AMBI, TQ C POCTOM T BO3IMOXHA PealiH3allHA OJHOIO H3 BYX
Clly4aeB: B NIEPBOM Haub. BEPOATHOC TOJIOXCHHE HOJBHXHbIX
ATOMOB COOTBETCTBYCT BEDIHHHE NOTEHUHANLHOTO Gapbepa
{nNepexoa THNA CMELLEHHSA), BO BTOPOM — JHY HOTEHUHAJIBbHOH
AMBI, B pe3yJibTATE YEro J€Bds H NPABAA SIMbl 3aNOJIHECHLI
P4BHOBEPOATHO (nepexoa nopaaok — becnopanok). Mapamer-
POM, PadMIHYAKOWHM 9TH 2 C1yyas, HABJSMETCA OTHOIINCHHE
E=4/&,, Toe &¢=A*/4B xapakTepH3yeT r1yOuHY AMbI (Bb-
cory Gapbepa), &.=4C|A|/B—>3HEepru0 B3aHMOACHCTBHA
4TOMOB B pa3/l. AMdX Ha COCCAHHX Y3Max (MHHHMYMblL

JABYXBAMHOI O NOTEHUHAIa COOTBETCTBYIOT CMCLICHHAM
tuo=+./14|/8).
Mpu £>>1, A<0 (npenenbHbIR cayyail Nepexoaa MOpA-

J10K — GECnOPAAOK) KaXIblA TOJBHXHBIA 4TOM JIOKAJIH3OBAH
B6M3n aHa ambr npu Beex T, kpome T>>T,. T. 0., B rapmo-
HUY. NPHOJIHXEHHH Bee KoJAeGaHHA aTOMOB BONW3H BHICOKO-
TEMNEPATYPHOrO NMONOXEHHA PaBHOBECHA (BEPLUHALI Gapbepa)
HEYCTOHYHMBBI, B JTOM €1y4d€ OCH. JHHAMMY. NPOLECCH —
NPbDKKOBbIE 33 CYET TYHHEJHPOBAHHA 4TOMOB MEXIy COEel-
HHMH AMaMH B OAHOM y3ne. Takas cHTyaluMs MoxeT ObITh
OMMCaHa € NnoMolubio pd. cnunveczo 2amussmonuana [2, 3],
4 TP BBICOKHX TEMII-PAX — MOJENBIO, €00TBETCTBYIOLIEH He-
BIAHMO/ICHCTRYIOILNM  aHrapMOHHY. ocuuanatopam. [lpu
£<< 1. 4>0 (npeaenbHpil Cly4ail Nepexoaa THNA CMELIEHHA)
HEYCTOHYMBOR OKadbiBaeTCH HEGONbINAS YACTH ATMHHOBONHO-
BLIX KkOJieGaHMii BOJIM3K BLICOKOTEMNEPATYPHOIO MNOSOKEHUS
paBHOBECHS; HUKE T, IPOHEXOJMT «3aMOPAKHBAHHE» MATKOM
HONOHHOM MO/Ibl. B OHOMEPHOM Clydde TAMHILTOHHAH 10-
NYCKAET BOBMOXHOCTb TOHYHBIX PEIUCHHH yp-HMH JHHAMHKH,
K-pble OBHADYKHBAIOT 2 TMIA JNEMEHTAPHEIX BO3GYyxXIeHui
B CHETEME: iononbl C MafIOl AMILIMTYA0H KOIeGAHHA U co.iu-
mombl (TOMEHHBIE CTEHKH) — ¢ Gonbluoi [6] (cM. Takke Touro
pewiacmpie sodeau B CTATHCTHY. fH3MKE).

OnHoMepHBIM raMUJILTOHHAH DPUMEHHM, Hanp., A8 ONHKCa-
HHSA YHODSI/IOHEHHS IPOTOHOB B COC/IMHCHHMSAX € BOJOPOIHBIMH
cpazami (KH,PO,, 6uononumepo u ap.). Jas peaibHbIX
TPEXMEPHBIX KPHCTAJUIOB CNeAYeT YYHTHBIBATL AHHIOTPOTHK
JHEPrHH MEKATOMHOTO B3auMoaeieTsua U ., obranalomyio He
ByMA, 4 GOIBUIMM YHEIOM JIOKAIbHBIX MHMHHMYMOB Pasll.
rny6unbt, CymecTed Takke y4éT BIAHMOJEHCTBMA PEMIETKH
€ AUIEKTPOHHOH MOJACHCTEMOI (0e06EHHO B METATINIAX) H CHHHO-
BO# (B MarseTukax) [6]. Hanp., n JOHOHHOM CNEKTpPe HEK-PbiX
TIEPEXOAHBIX METAINOB M CIJIABOB BO3IMOXHO «CMATYEHHE»
(DOHOHOB € BOJIHOBbLIM BEKTOPOM 2Kk r, rae Ak p— HMIIyJIbC
Depmu (KOHOBEKaA 0coBeHHOCTL). C Ap. CTOPOHBI, daeKmpon=
gononnoe gsaumodelcmsye MOXKET NPHBOAUTH K T. H. mai-
epiacoBCKoM HeycToRuMBOCTH (cM. Maiiepaca nepexod)
M eBs3aHHOMY C Hel C. ¢h. I.— CIIOHTAHHOMY MCKaXeHHIO pe-
1METKH C BOJHOBLIM BEKTOPOM 2K . [1PH 5TOM B 21€KTPOHHOM
CMEKTpe BO3IHMKACT IUeb (eM. [Tepexod memaan— oOusaex-
mMpux), & PACTIPE/ICICHHE 3aPAAA ONMCHIBACTCH 60.4101 IAPADO-
80ii n.10mNueCMy, AHANIOTHYHO EHJILHOE ClIMH-PELIETONHOE Bla-
MMOJICHCTBHE B HEK-PhIX CMIABAX NCPCXOIHBIX M PEIKOIEMETh-
HbIX  METAIOB  (THIAHTCKAR — MACHUMOCINDUKYUA) —TaKKe
npuBoauT k C. ¢b. 1.



Jum.: 1) Uaomoe K. A, Capomaruukos B. H., ®ajosbic
LCPEXOBI H CHMMETPHS KpHCTaioe, M., 2)baunu P, Kekw
B., CerHeTCONEKTDHKH H AHTHCErHeTOMeKTPHKH, Iiep. ¢ aHra., M.,
1975, 3) Baxc B. T, BeejenHe B MHKPOCKOLHYECKYIO TEOPHIO CETHETO-
AnexTpHKoB, M., 1973: 4) MaTseepa H. M., Ko3ntos 3. B.. Yiops-
noveHHBie (a3l B MeTAnTHYECKMX cHcTemax, M., 1989; 5) Xupn-
danwko JI., CraTHCTHYeCKAs BH3HKA TBEPAOIO Ted, 0EP. € aHIL, M.,
1975:6) Bpyc A., Kaynu P.. CrpykrypHble (a30BbIe HEPEXOURL, llep.
¢ anrit, M., 1984; 7) Bérrep X., [TpHHUKOLL AHHAMHYECKOH TeOpHH
pelleTKH, fep. ¢ aurn., M., 1986; 8) Tonenano X.-K., Tonena-
ao I, Teopus Jlanaay $asopeix nepexonop, Hep. ¢ anra., M.. 1994,

0. I. Pydon.
CTPYKTYPHBIA AHAJIU3 — onpenenedte cTpoeHHs Bellie-
CTBA: aTOMHOTO HJIH MOJEKYJIAPHOTO COCTaBA, NMPOCTPAHCTB.
PACTIONIOXEHHS ATOMOB, PAaCTpeAeNeHHs JNEKTPOHHOH TIOT-
HOCTH W T. . C. a. OCYWIECTBIAIOT JHPPAKL. MCTOIAMH (T. €.
€ MOMOLILI0 peumeeuoamozo CIMPYKMYPIOZO anaausa, neimpo-
),  PE3OHAHCHBIMH METONAMH
(}IMP H 3l'lP) pa3n CneKTdebelMH meTonamH. Yame secero
nonmbiit C. a. HEBOIMOXKHO OCYILECTBHTE OJIHHM H3 Tepeduc-
JIEHHBIX METO/I0B; [N HOJIHOTO HCCTIEAOBAHMS CTPYKTYPHI HC-
HOJIB3YIOT HE TOJILKO COYETAHME HECK. IKCHEDHM. METOIO0B, HO
H TEOPETHHYECKHE, PAcCY€TIhie (HANp., KBAHTOBOXHMHUYCCKUE)
METOAKI.
CTPYKTYPHBIA ®AKTOP (cTpykTypHas aMIUIATYfa)—
BEJIMYHHA, XapaKTePH3YIONIAs CIIOCOOHOCTh OHOMN 3IIEMEHTap-
HOH AYEHKH KPHCTAJI/1a KOTEPEHTHO PACCEMBATE PEHTT. H3Iyye-
HHE B 3aBHCHMOCTH OT 4YHCJIa N aTOMOB B sfyeifke, HX KOOp-
JHHAT X, ¥, 2 ; H aToMHBIX dakTopos f;. C. ¢. TecHo cBsDan
€ Gypbe-KOMIIOHEHTAMH NOARPUIYCMOCIIU DCIINZCHOBCK O,
C. §. Fugy Onpenensercs xak cymMMa ATOMHBIX (HakTopon

fi ¢ yuéTOM HMMEIOUIMXCS HPOCTPAHCTBEHHBIX C/IBHTOB (han

MKy ROJIHAMM, PACCESHHLIMH PA3HLIMH aTOMAMH SUeikH:
N
Fru= Y, fycxp2mi(hx j+ky;+1z))
i=1

(i=/— 1, A, k, I——nnaexcsl Munepa; eM. Hudexcer kpurma.i-
aozpagpuseciue). C. d. CBA3AH ¢ AMILTHTY/ION PACCEHHHS Dlle-
MEHTapHOH suedikn kpHcTajula. B KHHEMATHY. MPHOIHXEHHH
TEOPHH Qupaytu peHm2CHOGCKUX Ayteli HATEHCHBHOCTD AHG-
Pakil. OTPAXKECHHA C HHIACKCAMH h,

Do~ | 2.

B AMHAMHY. TCOPHH DaccesHHS XapakTEPHCTHKH IHpaxu.
MaKCHMYMOB OHpeIeINIOTCs BeJMYHHOM | Fyy, | OTclona crie-
JyET, 4TO M0 3KCMEPHMEHTAILHO OHPEICTASMBIM [y MOXHO
ONPEACTHTH JTHWE MOAYJIL C. ¢., 71 O/THOIHAYHOTO YCTAHOB-
JeHus 3HAYEHHS F y, HEOGXOMMO, KDOME TOrO, PELUTh T. H.
¢a3oByro nNpoGneMy — HaliTH ¢a3sl BOJH, PaCCeAHHBIX pas3-
HEIMH aToMamu SMEHKH. DTa 3aJa¥a PCWIAETCA METOmaM#
PEHMCEHOBCKROC0 CIPYKIMYPRO20 dHAAL3d.

C. . HpEnCTABNAET coboit ¢ypre-obpas pacnpecrieHus
EKTPOHHON TUIOTHOCTH P (X, ¥, Z) B SNEMCHTADHOH Aueiike
KpHETAJLNA:

Fuy= j‘ p(x, y, z)exp (2mi(hx+ky+1z) } dV,
Van

rae V,,— OOBbEM IEMEHTAapHOH AYeHKH. DTa MHTErpajbHas
cam3b C. §. ¢ 97eKTPOHHOH TJIOTHOCTBLIO NEXKHT B OCHOBE
METO/IOB PEHTT. CTPYKTYDHOTO aHajH3a. B 3aBucHMocTH oT
CHMMCTPHH PAcTIO;IOKCHHA aTOMOB B XICMEHTAPHOH KPHCTaT-
JHY. SNeHKe B HAHPABJICHHAX, PAIPEIEHHBIX Bpzea— Byasgha
yeaosuem, PaccesHHbIE aTOMAMH BOJIHbI MOTYT B3AHMHO HOra-
WaThCd, TAK YTO HMHTEHCHBHOCTL HCK-PbIX MAKCHMYMOB 06-
pamiaeTcs B Hynab. [To TOMy, kakHe HMeHHO nHpaKL. Max-
CHMYME! HCY€3JIH Ha PEHTTEHOTPAMME, MOXHO (XOTH M He
'BCErAA OJIMO3HAYHO) OTPEIeNIHTL TMPOCTPAHCTB. TPYMNY Cum-
Mempuu Kpucmaiid.

ABajtorHyHbIM 06pa3om BeoaaT C. ¢. B Teopun AHPPAKIHH
3MEKTPOHOB H HEMTPOHOB, OJHAKO B STHX ClIydasiX BMECTO p(x,
¥, z) COOTBETCTBEHHO PACCMATPHBAIOT PACMPENEICHUE ileK-
TPOCTATHY. HOTCHIMANIA H SACPHOH TUTOTHOCTH B JIEMEHTAp-
HOMt KPHCTAsTHY. AYeHKC.

Jum. cM. Pernmeenoscxutc crmpyrmypisil anaaus, Huppar-

ucit, paghu,

npu cl
A A
Hetimponospudus. 478, Komakos

CTPYH TEOPHUS —pazien MateM. GHMIUKH, CBA3AHHBIA
C OITHCAHKMEM pa3Ji. cocTosnHi (daa) B TeopuH noas. B ocxose
C. T. IeXHUT HPEACTABJICHHE O TOM, YTO BCEBOIMOXHbIE MOJie-
JIM TEOPHH HOJIS MOTYT PACCMATPHBATLCH KAK Pa31. COCTORHHS
eMHO# OflileH TEOPHH B «IIpOCTPAaHCTBE Teopuit». CobeTRen-
1o C. T. ONHCBIBAET NOJTOGHBIM OGPHSOM JIBYMEPHBIE {10JICBbIC
MO/ICH. OGOOIIICHAE ITUX MPE/ICTABICHRH Ha MHOTOMEDHbIH
cryyaili HapecTHO KAK TeopHs «p-GpaH» (CTpyHam oTBeyaeT
p=1, MeMBpanam — p=2) n noka (1997) nxoxo paspaborano.

C. T. Taxxke MMEET CBA3L C TCOPHCH HONS B MPOCTPAHCTBAX
¢ GONBIIHM YHCIOM H3MEPCHHH B CIEdYIONEM cMblicie, Vp-
HHg apxenns C. T. OHPE/IENSAIOT BhIAEIEHHBIH Kace Moneel
HByMCpHOﬁ TEOPHH HOJIA. QOOBIMHO CYMTAETCH, YTO OLH BBLJIC-
JIEHBI TeM, 4To O0AafdtoT IBYMECPHOH OOHICKOOPDAHHATHOH
M JIAXE Konopsnoit unisapuaumiocbio, T, €. ABJAIOTCA ABY-
MEPHLIMH KOHQOPMHBIMK TeopHsiMH. Hek-phie 03 TakHX Moze-
Neit ecTeCTBEHHO BOZHHKAIOT TNIPH OMMHCAHHH ABHXEHHA PEIIATH-
BHCTCKHX OJIHOMEPHKIX YIPYrHX HPOTSXCHHEIX OOBEKTOB B d-
MEpHOM (BO3MOXIIO, HEKPHBICHHOM) HPOCTpPAHCTBE-BPEMEHH,
T. €. B TCOPHSAX CHIpYH peAIIMUSHCMCKUX. ¢ YEM H CBA3AHO Ha3B.
«C. T.». ([IByMepHAs MOLe/Ib ROIHHKAET DY OMHCAHHH CTPYH
B (bopMaszMc HEPBHYHOTO KBAHTOBAHHA KaK TCOPHA HA MH-
POBOH HOBEPXHOCTH.)

Ho GoapmunctBo kOHGOPMHBIX MO/IeIel, paccMaTpHBae-
Mbix B coBp. C. T.. HE JIOHYCKA€T T4KOH MHTEPNpPETALMH, 1Od-
TOMY cobeTReHHO PENIATHBHCTCKHUC CTPYHBI NOABJIAIOTCA JIHIHb
B Hek-poIX azax C. T. DTH a3kl TCM HE MEHEE NPE/ICTARITOT
ocobbli HHTEpeC, HOCKOJIbKY B HM3KO3HEPIeTHY. H HH3KOTEeM-
TIEPATYPHOM HpEIE)e OHH CBOASTCH K OOLIMHOH TEOPHH IDaBH-
TAlHOHHBIX, Kaﬂ"spOBO‘lelX, CHHHOPHBIX H CKAJIAPHBIX nosei
B d-MCPHOM HPOCTPAHCTRE-BPEMEHH CO CIIOXHON TOTONOTHEH.
B Hex-pbix ¢azax BOIMOXHO 3HAUCHHE d=4, a CBOHCTBA yka-
34HHBIX TOJICH GJIM3KH K CBOHCTBAM H3BECTHBIX IAEMEHTAPHBIX
yacTHU. Ecau Takne ¢aspl okaxyTes na®. yCTOHMMBBLIMM
¢ ToukH 3peHus C. T., TO OHd CMOXET TMOCIYXHTL MOJE/LIO
obbeanHCHUs Beex QyHIaM. B3aHMOJCHCTBHH. OOBACHSAIONICH
YHCIO "EMepeHHﬁ. CHMMETDHH H AP. XapPaKTEPHCTHKH Hallero
mupa. Hau6. n3BecTHBIA MOAXOM K MOCTPOCHHIO TEOPHH 06b-
€IHHCHHA Ha ocHoBe C. T. CBA34H C T. H. Cynepempyndsu.
Apyrre wpunoxennus C. T. MMEIOTCS B TEOPHH QJIPOHOB, TEO-
pHH $a30BEIX EPEXOAOB H Ip.

Mpu nocrpoennn C. T., Kak W MOGO[ KBAHTOBOH TEOPHH
HOJIA, PA3NAY4I0T HO/IXO/bI TNICPBHYHOTO H BTOPHYHOIO KBaH-
TOBAHHA. B HOLXOJE BTOPHUHOTO KBAHTOBaHHA OCH. 0OhekTa-
MH fBJISHOTCA CTPYHHLIC HOIIH—(‘)yHKIlHOHaﬂLI HA TMPOCTpaH-
CTBE TCTC/IL (AHAJIOTHYHO TOMY, Kak B OGLIYHON KBaHTOBROH
TEOPHH B3aHMOJIEHCTBYIOUIHX YAaCTHI TOJIR 34BHCAT OT TOY-
KH— [IONIOXKCHHA YACTHIILI B JaHHBIH MOMEHT BPEMCHH, Tak
u B C. T. crienyeT paccMaTpHBATh TIOJIS, 3aBUCAILHE OT KOH-
Typa). CTpykTypa GeckOHEYHOMCPHOrO NPOCTPAHCTEA TeTeNlb
TIOKa MJIOXO H3yHeHd.

Bee CYUIECTBCHHBIC Pe3y.IbTAThI C. 1. HOKka HOJTYYCHBI
B popMaNH3IMe HEPBHYHOTO KBAHTOBAHHA. B 3TOoM dopmanus-
M€ pacCMATPHBACTCA JABHXCHHE TNPOGHOH CTPYHBI BO BHEDI.
HOJISX, BO3MOXHO, CO3/IaHHBIX Ap. CTPYHAMH. AMlIJTHTyZ[a
PH4CTIPOCTPAHCHHS MPOGHOM CTPYHbI H3 HaYl. TOJIOXEHUS B KO-
HEYHOE Onpe/Ie/IACTCH B3BEUICHHONH CyMMOﬁ MO BCEM COQ/IHHSA-
IOUHM HX TPaeKTOPHSAM (MHDOBBIM TNOBCPXHOCTAM). Beca
B 9TOH CyMMe 3aBHCAT OT BHeul. TolicH. Ecnn HMecTcs TONBKO
TpaBHTal. noje, TO Beca PaBHBI JKCMIOHEHTAM OT IUJIOHIAIH
MHDOBOH HOBCDXHOCTH, H3MEPEHHOH BO BHENI. MCTDHKE.
MpobHas cTpyHa MOXCT PACNacThCA HA J(BE — TAKOH NPOLCCC
MOXCT BbITh CONOCTABNEH TI1a0K0H TIOBEPXHOCTH THMA «HaH-
TanoH». Yka3aHHOE 0OCTOATENILCTBO OOBACHACT YCHEX TICPBHY-
HOTro KBanTOBaHus B C. T.— paccMOTPEHHe NPOOHBIX CTPYH HE
HCKJTIOYAET PACCMOTPCHHS B3aHMOJIEACTBYIOIIMX CTPyH. Ha-
crosumas kpanToBas C. 1., 3a1aHHAA (DYHKIHOHATLHBIM HHTEr-
PU4SIOM 110 MHDOBbLIM MOBEPXHOCTAM, TpebyeT Gonee akkypat-
HOTO OHPENCIICHHSA «TIJIOWAIH», MOCKOJIbKY B HHTErpajie Jo/IXK-
Hbl . YYHTBIBAThLCH H CHJILHO CHIMSTBIC) TWOBCPXHOCTH.
Monxonsas nepeopMyIHPOBKa H3BECTHA Kak «cTpyHa [lo-
JISKOBa» W MPENOIarag¢T CyMMHPOBANHE MO MHPOBbLIM 1O-
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BEPXHOCTAM W JBYMEDHBIM MeTPHKaM Ha HHX. IToaxoa mep-
BUYHOTO KBAHTOBaHHA CBa3biBacTCs C. T. ¢ OOBLIKHOBEHHOMR
TeOpHei HONA Ha MHPOROH MOBEPXHOCTH.

Mccnenopaste TUHAMUKH TIPOOTIBIX CTPYH (BKITIOUAS HX B3a-
HMOTIPEBPALIEHHSA) B 3aJ4HHbIX BHEL. TONAX AOCTABNAET Cy-
1eCTB. HHGOPMAIIHIO O CAMHX ITHX nonsAx. Kinaccud. peweHns
yp-uus C. T. OTOXIAECTBIAIOTCA € ABYMCPHBIMH KOHPOPMHBI-
MH MOJCNAMU (3AMETHM, YTO 3TH MO/IEIIH, d CIIEJOBATEILHO
W C. T., HCMONB3YIOTCA TAKXKE B TCOPHH (Ha30BbIX NMEPEXOJ0B).
Kaxnas xoHkpeTHas KoHGOPMHAs MOJeNb MOPOXKIAAET OTA.
Mofiens C. 1. M3BeCTHHIMH NPHMEPAMU CTPYMIbIX MOZIeeH
ABaAroTcA 16-MepHas Go3oHHas cTpyHa, 10-mepnele cymep-
cTpyna NSR (ctpyma Hcpé —IllBapua—PamoHa) W cTpyHa
retepoTHueckass EgxEy, pasn. moaean 4-mepnbix CcTpyH,
B T. 4. KOMNAKTHOHKAIKE Ha pad. npocTpaHcTRa Kanabn —
Ao, u 1. A. IMonuble kBaHTOBbIC yp-Hus ABHxenus C. T. H HX
peLUCHHS, ONHCHIBAIOLIHE AUMAMHUY, MEPEXOAbl MEXAY DAl
CTPYHHBIMH MOJACIAMH, Tioka (1997) He U3IBECTHEI.

Tocrne nepexojia K JBYMEPHBIM TEOPHSM IIOJS OTHAAdeT
HEOGXOAMMOCTb PACCMATPHBATD JIBYMEPHYIO IIOBEPXHOCTh Kak
BJIOXEHHYIO B KaKO€-TO POCTPAHCTBO-BpeMs 60:TbIIero YucIa
HMIMEPEHHH U MITEPIPETUPOBATL € KAK MHPOBYIO MOBEPX-
HOCTb OJHOMEPHOH CTPYHBI, ABHXYILEHEes B MOAOGHOM mpo-
cTpaHcTBe. Bosiee TOro, Takas MHTEPNpeTaLHS HEBOIMOXHA
JUIS MIL. XONPOPMHBIX MOJIEJISH, & 3RAUUT, H QNI COOTBETCTBY-
IOUIMX CTPYHHBbIX Mogesed. Ecnm ma ocmose C. T. CTpOHTCH
KBANTOBASl TPABUTALMA, TO BK/IOYEHHE NOAOOHBIX CTPYHHBIX
MoJene ClenyeT paccMaTpUBATh KaK YYET CHIbIBIX (UIYKTY-
4l POCTPAHCTBEHHO-BPEMEHNION CTPYKTYDBI, HAPYLUAKOLHX
€€ HEHPEPbIBHOCTh, B CTPYHHMBIX MOAEAX, JONMYCKAIOUIHX CY-
LECTBOBANHE NENpPepbIBHOTO NIPOCTPANCTRA-BPEMEHH, CBA3b
NMPOCTPATICTBEHHO-BPEMEHIIBIX CBOMCTB € ABYMEPIbIMH He HC-
YepIBIBACTCA COOTHC Mexay yp JIBHKEHRA
U KOH(bOPMIIOH HHBAPHAHTHOCTHIO. JIPYrHMH NPHMEpaMu AB-
JIAIOTES CBA3b NIPOCTPAHCTBEHHO-BPEMEHHOH M 2-MepHOH Cy-
nepcuMMeTpHH B opmanusme NSR, cooTHolueHHE Mexay
rpYNnoBoi CTPYKTYPOil B KOHPOPMHOH TCOPHH H KaIHOPOBOY-
HOH HHBAPHAHTHOCTbIO SIHra —MiuJuica B COOTBETCTRYIOLICH
CTPYNHOH MOJESH H Ip.

Omuodi u3 3apay C. T. SABJNAETCA MCCTIEAOBANHE 33 BHCHMOCTH
KOH(OPMHBIX MOJCJICH OT TONOIOTHH M IEOMCTPHH ABYMED-
HOWH NOBEPXHOCTH, B TeOpHH «p-Gpan» H3yuaeTCs 3aBUCHMOCTE
OT TEOMETPHH NPOCTPAHCTBA-BPEMCIH Da3MEPHOCTH p+ |
(06614HOH, «HECTPYHHOH» KBAHTOBOH I'DABHTALHHM COOTBETCT-
ByeT p=3). [Ipu nanHyuu xOHPOPMIOH CHMMETPHH T€OMET-
pHst KOHPOPMHBIX MOJETIEH ABJIACTCA N0 CYIUECTRY KOMILIEKC-
HOH TEOMETPHEH paccivenuti HA PUMAHOEHIX NOSEPXHOCMAX.
VAOBIETBOPHTENBIIO H3YYEHBI MOME/H, B K-PhIX 3TH pacciioe-
HHA ABIAIOTCA JHHEHHBLIMH, COOTBEICTBYIOIHA (POPMATHIM
BC. 1. na3. popmainimom 6o3onu3anuH. Haub. ecre-
CTBEHHBIC ¢ TOUKH 3PEHHS KOMILIEKCIIOH IT€OMETPHH CTPYHHbIE
MOJE/H ONpeJC;IeHbl TOJbKO HA 33MKHYTbIX PHMAaHOBBIX MO-
BEPXHOCTAX—T. H. 3aMKIYyThle CTpynbl. B aTOM cnyuae
CyMMa IO TOTOJIONHAM — IO POAam (YHCIIAM pYHYeK) PHMaHO-
BbIX MOBEPXHOCTEH — JIETKO MITCPIPETHPYETCH KAK INCTIEBOE
pa3/I0KEHHE BO BTOPHUHO-KBAHTOBAHHOH TEOPDHH CTPYH C KY-
6uy. B3auMoneicTBHeM. TTOREPXHOCTH € KpaeM CYLLECTBEHHbI
B Goitee IIMPOKHX MOIENAX «OTKPHITHIX» CTPYN. YIIHTapHbIE
MO/Ie;TH B3aHMOIEHCTBYIONIMX OTKPBITHIX CTPYH 06A3aTeNbHO
BKJIIOYAIOT B €cOA 3aMKIyThIE.

C. T., KdK H Ap. TEOPHH NOJIS, MOXET ObITh ACCOUMHPOBAHA
C TOTOJOrHY. TeopHel 11018, DTO COOTHOILEHHe ocobenHo
CO/IePHATEIbHO JAJIA ABYMEPHBIX KOHQOPMHBIX MoJe/eH, T. K.
COOTBETCTBYHOILHE TOMONOTHY. MOJEIH eCTh TPEXMepIIbie TEo-
pun Yepna — CaijiMouca, SBIAKIHECH HanG, IIPOCTBIMH H HH-
TepecHbIMU. AHAIH3 TAKHX MOJeJeH BaXeH, B HACTHOCTH, AMd
uenel KTaccHpHKALME KOHQOPMHBIX TeopHid (T. e. And Nepe-
YHMCJIEHHS BCeX KJIACCHY. PellleHHH CTPYHHbIX Yp-HuEl JBHXe-
Husi). M3 reom. coobpaxennit cieayer, 4to emé Gossiudi
HHTEpeC NPEACTABIAIOT 4-MepHbIe TONOJOTHY. TeopuH. Onu
CBA3ANbI € 2-MepPHBIMH HHTErPHPYEMBIMH MOJCIAMH H, BO3-
MOXHO, /ID. COCTOAHHAMH B TTOJIHOM KOMGHIYpall. IPOCTpaH-
ctee C. T.

Jum.: 1) Polyakov A.. Gauge fields and strings-chur, L.— [a.0.],
1987; 2) I'puu M., llBapu Ox., BurTeH 3.. Teophs cynepcTpyu,

nep. ¢ aurn., T. 1—2, M., 1990—91; 3) Kuuxnux B., Muoroner-
JIEBBIE AMIUTHTY/h! B TCODHH KBAHTOBBIX CTPYH H KOMILUIEKCHAs FeOMeT-
pus, «YOH», 1989, 1. 159, 8. 3, ¢, 401; 4) Kazaxos [., CynepcTpyHs,
M1 34 HpeZeaMH CTaNAAPTHRIX HpeacTapneHud, « YOH», 1986, 1. 150,
B. 4, c. 561; 5) Bap6awos b, Hectepenko B, Cynepcrpynu—
HOBHIH [TIOAXO K €AHHOH TEOPHH ¢ TAJBOBIX

Tam xe, C. 489. A 0. Mapaaaa.

CTPYHA B ax YCTHKE—TOHKas, THOKaf, CHNbHO HATAHY-
Tas HHTb C PABHOMEPHO PACHPEAENEHHOH NO MJIHHE ILIOT-
HOCTBIO. ]'[o;( 9TO ONPEIEICHHE NMOAXOAAT KakK C. MY3BIKallb-
HRIX HHCTPYMEHTOB, TaK H LINYP, TPOC WK PEIUHOHBIA XIYT.
C.—npocTeHlUas KoneGaT. cucntema ¢ pacnpedeiénnvimy napa-

Mempamu. Ma.ﬂble TIONEPEYNRIE CMEIUEHHA ) TOUEK C. ot
HOJIOXK€HHs PABHOBCCHA OINHCBIBAIOTCA BOJHOBBLIM YP-HHEM
2, I
Py_pily *
axt Forr’

rae F—cuna TATAKEHHS, {— BpeMs, X— KOOPJAMHATA BAOIbL
C., p—mHeHnas MI0THOCTh cTpyHRL. CoraacHo yp-Huio (*),
YCKOpEHHE Hek-poro 3jeMenta C. NpsMo NPONOPUHOHANBHO
kpuBu3re C. B o6aeTH 3T0ro 3neMenTa. Pellenne yp-uns (*)
MOXeT OBITb MIPeACTABJIEHO B BHAe GeryIimx BOJIH, PACXOIS-
IIMXCA H3 TOYKH BO3CYXAEHHS B PA3HbIE CTOPONLL:

S e (xen)],

¥

rae ¢=./F/p—CKOPOCTb PacnpoCTPaNeHHA BO3MYIIEHHS.
B Toukax 3axpemyichks C. DPOMCXOAAT OTPAXKCHHS BOIH,
MPHYEM YCIOBHS OTPAKEHHA 3aBHCAT OT NOAATIHBOCTH ONOP.
B ciydae abCONMIOTHO XECTKMX OIOP HMEET MECTO IOJHOS
OTpaxeHHe W KaPTHHA DACIpPEICICHHA CMEILEHHH ) NMOBTO-
pAeTca uepe3 NPOMEXYTKH Bpemcuu 2/fc¢, rae [ —mmana C.,
T. €. YCT4HABIMBAIOTCA Konebamua ¢ mepHoaom T=¢/2/. Ha-
JIHYHE ONOp (rPalMuHbie YCIOBHA) ONpe/eIseT YaCTOThl BO3-
MOXHbIX KoneOanni C. ©,, K-pble KpaTHbl HAHNM3LICH (oc-
HOBIIOH) HacToTe

o, =2n/t, T. €. W,=nw,,

n=1, 2, 3... KoukpeTHas kapTuHa konebamuii C. oHpeaensercs
He TOJIbKO TPaHHYHLIMH YCJIOBHAMH, HO H CNoco6oM BO30yxX-
nenus C

IMpu Bo3Gyxaennn B C. crosyux Bomu Touku C. HMeOT
pa3Hble AMIUIATYABI CMEIUEHHH, HO JBHXYTCS CHHXPOMHO,
nporuGhl BeeX TOYEK OAHOBPEMEHHO NOCTHIAKT CBOHX MAKC.
M MuH. 3HavenHil. [Ipou3BosIbHOE BO3MYIlleHHe 3aKPEHIEHHOH
C. Moxer ObiTb NPEACTABIENO B BHAE CYyMMbI e cobCTB.
rapMoHHd. koebaHHH € HaCTOTAMH ©, H AMIUTHTYAAMH CMe-
wieHuii A, HauGonbluas 3HeprHs KoneGaHHH NPHXOJHTCA Ia
OCH. 4acTOTy W, & € YBeJH4YeHHeM HOMepa 1 IHEPris coOCTB.
KoneGaHMH MAAAET H CTANOBHTCA TEM MEHbIIE, YcM GoJblle
HoMep 4acToThl. COOTBETCTBEHHO CTPYINa M3Ny4aeT 3BYK, Xa-
paxkTepU3yeMblil OCH. TOHOM H oGepToHamu. [TocneaHue cos3-
AT TOHAJIbHYK) OKpacKy 3Byka—TemOp. [TonHas 3Heprus
xonebanus cTpynsl W onpefesiseTcs SHeprHsIMH OTI. COOCTB.
xoneGanuit ¥ papna

IP
W= z 42
n=1
Eé MOXHO NIpeACTABHTb KaK CyMMY JHEpruil oCUHISTOPOB
€ MAcCaMH, PABHBIMH IIOJIOBHHE MACChi CTPYHBI M COBCplUa-
IOLHMH KOJIeGaHHA C YACTOTAMH W, H aMIUTHTYAaMH A,.

IMpu xoneGannuax C. B BO3Ayxe OTAaBaeMas €10 3BYKOBas
anepras HeBenukd. bBoJbllas NMOBCPXHOCTH MOACTABKH, Ha
K-poit 3akpenuisetcd C., Hanp. Aeka My3bIKaJIbHbIX WICTD
MeHTOB, oO0ycnoBaHBaeT Gonec ddd. H3NyueHHe 3BYKOBOH
oHepru, Creuu(UKy 3BYYdHHS CTPYHINOMY MY3BIKATIBIIOMY
HICTPYMEHTY NIPHIAET cioco6 po3bysxacuus C. Tak, npu po3-
6yxzaennn C. yaapoM OCII. TOIl HACBIILEH 0OEPTOHAMH, a NIpH
Bo30yxaendd C. WHMNKOM poiib 0GEPTOHOB OTHOCHTEIBHO
HEBEJIHKA.

Jum.: Mop3 ®., KoneGanns u 38yx, nep. ¢ adrn., M.—JL, 1949
TopeaunxI.C, Konebauns u pous, 2 w3, M., 1939; nyqux E.,
TMpocThie H c0XHbIE KOJIeGaTeNbImE CHCTEMB, TICP. € aHr., M., 1971.

C.'B. Ezepes,




CTPYHA PEJIATUBUCTCKAS — TeopeTHd. OIXHOMEPHO-
HPOTAKCHIBIH pENATHBHCTCKHA OOBCKT, (yHKUMOHAI AeH-
CTBHS K-POTO MPOMOPLMOHANEH TUIOIAAH MHPOROH TNOBEpX-
HOCTH, 3aMETAEMOH KM IIPH JABUKEHHH B HDOCT PAHCTBE-BDEME-
HH. Beesenne takoro o6nekta [1—3] nepBoHauanwHo Guuio
NPOAMKTOBAHO H3yYCHHEM CTPOEHHS 4 APOHOB H MEXAHH3IMa HX
B3aUMOIEHCTBUS (M. Cmpyhibie Modedu adponos). U. Hamby
(Y. Nambu, 1970) u T. Ioto (T. Goto, 1971) nokasanu, sto
C. p. ABNAETCS THHAMHY. OCHOBOH JydJIbHO-PE3OHAHCHBLX MO-
nened B aapousoi dusnke [3—S5] (em. Jyadsnocms).

C. p. 6biBatOT H030HHOTO M PEPMHOHHOTO THHOB. JleHcTBHE
6030HHON CTPYHBI ONlpeaCISETCH caeayouMM obpasom. Eciu
xt(1, o), u=0, 1, 2, ..., D—l,—napaMcTpHYECKH 3ajJdHHbIC
KOOPIMHATBl MHPOBOH HOBEPXHOCTH, 3aMETAeMOii -CTPYHOI
B TJIOCKOM D-MEPHOM NPOCTPAHCTBE-BPEMCHH C CHTHATYPOH
MeTpHKH (+, —, —, ...), TO JIeHCTBHE CTPYHBI

s:—Tf{hfdo. ()T %7 x2 "
A o

3pech X=0x/dt=0,.x, X'=0x/00=0,x, T—KOHCTAaHT4 (Wa-
TAXKEHHE CTPYHBI), MMEIOIIAN Pa3MEPHOCTb KBAAPATA MacChl
[M?*] (B cHcTeme emuHAL, B K-poit ¢=/h=1); HapaMcTp G Hy-
MEpYET TOYKH BJIOJIb CTPYHBl 0o <n, x? <0, a T—cobeTs.
BPEMS OTA. TOHEK CTPYHBI, X 2> 0. Hatskenue cTpynst T 3ama-
éT xapaxTepHyio et mmuHy, L~T7 4% a Takke macrrab
cnexTpa Macc (co6cTB. 3HEPTHH) cTpyHbi, M ~ T. B aaponnoit
Qusnke T~ ! =2na! ric o' — YHHBEpCAIbHBIH HAKIOH PC/DKeB-
CKUX TPaekTOpHi, o'~ | ['3B~ 2 (cM. Pedowe nomocos memod).
B stom ciyuae L~ 10712 cm. HeficTue (*) SBaseTcs HPSMBIM
0606IIEHHEM Ha ONHOMEPHO-IPOTIXEHHbIA O0BEKT JeHCTBUS
piije§ TOUEYHOH YacTHLbI, K-pOC NPONOPUHOHAIBHO MIHHE Mu-
PO8OiL UHUY HACTHULE B HPOCTpaHcTBe Munkosckoro. CTpyHa
MoOXeT OBITh OTKPEITOMH, CO CBOGO/HBIMH KOHIAMH, WIH
3aMKHYTOH. B nepBoM cnyvae HaTAXKEHHC Hd KOHLAX CTPy-
HBl JOJKHO HeuesaTw: Xu(T, 0)=x(tr, n)=0. Bo BTOpPOM
clydde KOOPAMMATHl CTPYHbI JOJDKHBI OBITB HEPHOAMY.
(G-uMaMH HepeMcHHOM G X, (1, 0)=x, (T, o+ ). PacemoTtpe-
HHE MPOLIECCOB PACCECAHHA OTKPBIThIX DO30HHBIX CTPYH, NHHA-
MHEA K-PbIX OHPE/eJIACTCA IKCTPEMYMOM JieHcTBHS (*), HO3BO-
IT BOCIPOW3BECTH AyalbHYH aMHIHTYly Benenmano
{G. Yeneziano, 1968), AMHAMHKA 3aMKHYTHIX GO30OHHBIX CTPYH
TIpMBOAHMT K ayanbHOM ammnuTyxe [lamapo— Bupacopo [3]
(J. Schapiro, M. Virasoro, 1969). KsaHTOBaA TeOpHsS Hpo-
cTedineRt 6030HHOH CTPYHBI (OTKPLITOR MJIH 3aMKHYTOH) Mo-
*eT OHTH HOCTpOEHA CTAHAAPTHBIMH METO/IAMH TOJIBKO B TOM
Cllydae, ecid pa3sMCPHOCTb TPOCTPAHCTBA-BpeMEHH D paBHa
26, TIps 3TOM OCH. COCTOSHHC CTPYHbl OKa3bIBACTCH MaXuo-
HOM, T. €. COCTOSHHEM C OTPHUATEIBHBIM KBAAPATOM MACChl:
Mi=—(@)" .

TlomMumo npocreiiuied 6030HHON CcTPYHH ¢ AedcTBHEM (*)
PaccMaTpHBAKOTCH TAKKE CHHHOBBIE, HITH (JEPMHOHHbIE, CTPY-
HHl H cynepempyiot. ITH CTPYHBI 06JIanar0T SOMOJHAT. tep-
MHOHHBIMH CTE€TICHAMH CBOGO}IH. K-phle OIMHCBIBAKOT pacnpe-
JIENEHHRIA BAOJIb CTPYHbl CIIMH. (PePMHOHMBIE CTPYHBI OBLTH
BBEJCHEI KaK JHHAMHY. OCHOBA JAYaJIbHO-PEIOHAHCHBIX MOJe-
net Hesé — llsapna (A. Neveu, J. H. Schwarz, 1971) u Pamo-
Ha (P. Ramond, 1971). KBaHToBas TEOPHS CIHMOBLIX CTPYH
cTpouTCs B 10-MepHOM NpocTpaHcTBe-speMenu. OCH. cocTos~
HHE AyanbHOH cTpyHel Hepé —Ulpapua Taxxe TaxWOHHOE.
B cnexTpe AyanbHOl cTPYHBl PAMOHA HCT TAXHOMHBIX COCTOS-
Hull, OCH. €oCTOsIHHE 3/1ech Gesmacconoe.

JlenaloTcs MOMBITKH CO3AaTh Ha ocHose C. p. TEOpHIO, 005~
EMHAIOUIYIO BCE (PYHAAM. B3aHMONCHCTBHA: CHJILHOE, JIIEK-
TPOMArHHTHOE, cliaboe M rpaBuTanuonnoe [2, 6, 7). s ytoi
LETH BBOAAT B PACCMOTPEHME CYNEPCTPYHbI € JIMHCHHBIME
PASMEPAMH TIOPAAKA nAGHKO8CKOH Oaunst (Rp~ 1072 cm).
CynepcTpyHa spjsieTcl OHpejell. MOAM(HKAUHEH COHHOBOH
C. p. Yncno hepMHOHHBIX CTeNeHel cBOOOA B CYHEPCTPYHE
PaBHO YHCTY GO3OHHBIX CTEHEHEH cBOOOABI (OBLIMHBIX KOOD-
JHHAT CTPYHHI), HTO H OBECHEUHBACT CynepeumMmempury B JaH-
Holf MoJienu. KBaHTOBas TEOPHA CyNepcTPYHEI CTPOHTCS B 10-
MEPHOM [MPOCTPaHCTBE-BpEMEHH. Braroaaps cCynepcHMmeT-
PHH B €€ CIIEKTPE HET TAXHOHHEIX COCTOAHHA. OCH. €OCTOsHHE
CYmepCTpyHel 0oOpaszyeT 6e3MaccoBhIf  CYHCPMYTIhTHILIET,

K-DbIH JOJDKEH COACPXATh BCE IEMEHTADHbIE YACTHIbL, Ha-
6.110/14€MbIE  IKCHEPHMEHTAJIBHO. Macuimabom WKaibl Mace
CIYKHT HATSXEHUE CYNepeTpyHbl, /T~ 10 ¢ [B. Mpeanona-
TAETCA, 4TO M3-3a PAAA NPHYHH, ICTATLHBIN MEXaHM3M K-DbIX
ené HC BNOIHC ACEH, B TCOPHH B3aHMOJIEHCTBYIOMHX Cynep-
CTPYH NPOHCXOIUT KOMIAKTH(GHKAUMS 6 HIMEPEHHH 10 TIIaH-
KOBCKHX pa3mepoB. Ha paccTosnmax, npesblllalomux Rp;,
T. €. IPH SHEPTHAX, 3HAUMTENBHO Meubiux 10'% THB, Teopus
CYHEPCTPYH 1IEPEXOANT B TEOPHIO KauBpPoEOUIt020 noast C HK-
CHPOB. TPYHHOW 6Nympeunux curmempuii, 7. €. B OHPCIEL.
BAPHAHT MOJENIEH ee.1uk020 06bedurenus. Teopus CyNCpPCTpyH
(B HPOCTEHLIEM BAPHAHTE) LIONYCKACT TPYIIIbI KATHOPOBOYHBIX
cummeTpHit SO (32) n Ey x Eg. Kpome 3T0ro, 1.15 reOMeTpUH
HPOCTPAHCTB4-BPEMEHH CYNEPCTPYHHBIA HOAXOX NaéT dHH-
INTCHHOBCKYIO TEOPHIO TPABHTALMH (cM. Theomenue).

Moacrs C. p. npAMEHSETCA M B KOCMOJIOTHH. 31€Ch pac-
CMATPHBAOTCHA T. H. KOCMHUYECKHe cTpyH b [1, 2]. B Hpo-
LiecCce  PacIiMpeHHs BCENCHION M HOMWXCHHA €€ TeMm-pbl
NIPOHCXOAAT HOCICAOBAT. (Pa30Bble HCPEXOAbl, HOHHXAIOLIHE
CHMMETPHIO COOTBETCTBYHOLIETO KBAHTOBOHOJICBOTO JIATpaH-
wHaHa. OK43pBAETCA, YTO HPH TMOHHKCHHH TEMH-Dbi HHKC
TeMH-pbI Pa3oBoro nepexosa (asa c 60.1ee BHICOKOH CHMMET-
PHEii HE HCYEIAET HOJHOCTBED, & MOXET CYIIIECTBOBATD B BHJIE
OT/I. TOUEK (MOHOIIOJIEH) HIIM OJIHOMEPHBIX OOHEKTOB (KOCMHY.
CTpYH) MM XC B (OpME JIBYMEDHBIX «IOMCHHBIX» CTEHOK.
HccneioBanns HOKA3BIBAKOT, YTO MMCHHO KOCMHY. CTDYHBI
MOT.TH T€HCPHPOBATH HEOHOPOAHOCTH B PACHPE/ICJEHHH Ma-
TEpHH B PaHHeH BcenennoH, K-pble IPHBEIIH B KOHCYHOM cuére
k obpasopanuio ranakTvk (. B. 3capmosut, 1980).

Jum.: 1) Bap6amos b. M, HecTepepko B. B., Mozeab pens-
THBHCICKOH CTDYHBI B (pu3nke aqpoHOB, M., 1987: nx xe, Introduction
w the relativistic string theory, World Scientific, Singapore, 1990;
2)HecTepenko B. B, PenaTuBHCTCKME CTPYHR: OT MBLILHBIX Hie-
HOK K OOBbENHHRHMIO (YHAAMENTABHBIX B3aUMOUEHCTBRI, «[Ipupo.ar,
1986, N I1, ¢. 12; 3) Scherk J. H., An introduction to the theory ol
dual wodcls and strings, «Rev. Mod. Phys.», 1975, v. 47, Ne |, p. 123;
4)Weaccr B.I1, 3unoesce . M. Mupancxuit B. A, Mogeim
CHBIOBYAHMOAEHCTBYIOILHX 2MEMEHTAPHBIX Y4CTHH, T. 2— JlyanbHble
Mogemn, M., 1976: 5) FramptonP. H., Dual rcsonance models and
superstrings, World Scientific, Singapore, 1986; 6) Bap6awos 5. M.,
HecTepeuko B, B., CynepcTpyHbl— HOBbill HOJIXO K CAMHOM Teo-
PHH (DYHIAMEH T 1bUBIX BIBHMOICHCTBHI, «YDH», 1986, 1. 150, 8. 4,
c. 489, 7} Ipua M., Waapu Ik, Barreu 3., Teopus cyneperpyn,
T. 1, 2. Hep. ¢ aurn,, M., 1990.

5. M. Bapbawoa, B. B. Hecmepenxo

CTPYHHBIE MQIEJIH AIPOHOB — cocrapiibie KéapKe-
6bi€¢ MOJEAU AAPOHOB, B K-PbIX KBADKH BHYTPH aJIpOIOB CHHTA-
IOTCS CBA3AHHBIMH HOCPE/ICTBOM PEJINTHBHUCTCKHX CTPYH (CM.
Cmpyna peasmusucinckas). C. M. 4. HaXOJNT K44ECTBEHHOC
0BOCHOBAHWE B PAMKAX KGAHMOEOU Xpomodunamurxu. BecbMa
BEPOATHO, TG HPH PacCIOANHMSX MEXJly KBADKAMH, npuGIH-
KAFOLIAXCH K pasMmepy 4APoHoB (~ 10 ™' cM), suepreTnueckn
60s1eC BBITOHBIMH OKA3IBIBAKOTCA TAKHE KOHDHUIYPALMH TITHO-
OHHBIX TIOJIEH, KOTAa N0 HC 34MOJHAIOT BCE MPOCTPAHCTBO
(KaK B 2JIEKTPOAMHAMHKC), 4 KOHLEHTPHPYIOTCH BJIOND JTHHHH,
COEHHAIOLINX KBAPKH. DECKOHEYHO TOHKYIO TPYOKY TIOOH-
HOTO MOJIf MOJEHPYET PEJINTHBHCTCKAs cTpyHa {1, 2].
DHEPTHA PENATHBHCTCKOR CTPYHA IPOHOPLHOHAIbHA e
anuie L, CIeOBAaTENLHO, KBAAPAT MAaccel cTpyubl M~ L2,
Vrnosolt MOMeHT Bpauwlatoliielics cTpyHbl, HMelomel gopmy
NPAMOSTHHEHHOTO OTpe3ka, HponopuuoHaneH L2, Taknum o6-
pa3oMm, C. M. a. Ja10T STHHEHHYH 33 BHCHMOCTD MEX/IY CIIHHOM

. J 4APOHHOTO COCTOSHHMA H KBaJApPaToM €ro MacChl Mz, T. €.

OHH HDHBOJNT K IHHEHHBIM TpaekTopusm Peivke: J~a'M?,
rie a'~1 B “? —yuuBepc. HaK:ToH TpaekTOpuH Pemxke (cM.
Pedonce noaocog smemod). PEIATHBUCTCKAA CTPYHA, CBS3LIBALO-
1as KBAPK W AHTHKBADK, IEHEPUDYET JIMHEHHO DAaCTyLIHi
¢ paccTosuHeM HoTeHUHan [3]. Takol mMOTEHLMAN HO3BOJIAET
OMMCATh yACpKaHHE KBApKOB B aApoHax (cM. Yodepowanue
yéema). Pa3pbiB CTPyH He IPUBOJHT K NOABJICHHIO CBOOOMHBIX
KBAPKOB, T.X. Hd BHOBb OOpA30BAaBNIMXCA KOHIAX CTPYHbI
POXAACTCH Mapa KBAPK-AHTHKBAPK. B pe3y.IhTaTe KBADKH eHO-
B4 OKA3bIBAKOTCS CBA3AHHBIMH.

C. M. a. IPEMEHAIOTCA HE TOJILKO B aJPOHHOH CIIEKTPOCKO-
muH [4, 5], HO H HPH OHHCAHHH MHOXCECIMGEHIBIX NPOYECCos,

CTPYHHbLIE

1



CTPYHbI

12

HAMp. MOZETh (ParMEHTAllMH CTPYH, pasBuBaemas B JIyH-
ckom yruBepentere (Isenus) 6, 7).

B onpenen. cMpiciie AyaipHbIE MOAEIH aAPOHOB (CM. Jya.ts-
ROCMTb) MOXHO TakKe paccCMaTpPHBaTh KdK CTPYHHblE MOJEIIH,
YYHTBIBaA, YTO MX AHHAMHY. OCHOBOH ABJISETCH PEJIATHBUCT-
ckast cTpyHa. OOHAKO HEJOCTATKH 3THX MOJCNEH, TAKHC Kak
nosiBicHAE $e3MaCCOBBIX H TAXHOHHBIX (C MHHMOH Maccoif)
COCTOAHHH, K-PbIM HCT aHAJIOTOB B CNEKTPE aLPOHOB, He(H3.
pasMepHocTh D NpOCTpaHcTBa-BpeMenH (D=26 wiu D=10)
H TIPO0IIEMA C BBHINOIHEHHEM YHUMAPHOCHH YCA08U A, HE TI03BO-
JISIOT CHMTATH ITH MOJETH BIOJIHE PEATHCTHYECKHMH (CM.
Cmpysn meopus).

Jum.: 1) Ham6y H., Touemy Her cpoGoambix KBapkom, mHep.
c adril, «YOH», 1978, 1. 124, . |, c. 147; 2) Wilson K. G., Confine-
ment of quarks, «Phys. Rev.», 1974, v. D10, Ne 8, p. 2445; 3) Hecte-
penko B. B, PacucT CTaTH4ecKOro MeXKBAPKOBOIO NOTEHLHANA
B CTPYHHOH MOZENH BO BpeMeHuroaoGuoili kanubposke, «TM®y, 1987,
T. 71, N 2, c. 238; 4) KoG3apen M. 10. u ap., Cnuu-opGHTANTBHAR
CBE3b B MOIe;IM CTPYHBI, «Snepras ¢usnkan, 1986, 1. 44, B. 2, c. 475;
5) Artru X., Classical string phenomenology. How strings work,
«Phys. Repts», 1983, v.97C, Ne 2—3, p. 147, 6) BonkoBHu-
xuit I, 2., Mogenr dparmertani cTpyH JIYHACKOrO yHHBEPCHTETA,
B ¢b.: DneMenTapupie yacTHIb, 12 mkona (uinkd HTI®, . 4, ¢. 68,

1986; 7) Andersson B. el. al. Parton-fragmentation and string
dyndmlCS. «Phys. Repts», 1983, v. 97C Ne 23, p. 33
B M. Eupﬁumoe B. B. Hecmepenxo.
CTPYHbI TETEPOTAUYECKHE — mozetn cmpyn meopuu,
B K-DhIX JIEBbIE M TPAaBRIC CTEMEHH CBOGOAEI HA MHPOBOH
MOBEPXHOCTH NPHHAUIEKAT Pa3il. KOHGOPMHBIM TeopHsm [1].
Bo3aMOXHOCTE TakOro CHHTe3a BO BCEX NOPAAKAX CTPYHHOH
TEOPHH BO3MYIUEHHH OCHoBaHa Ha oBo6ImEHHOH dopMe Teope-
mbl Benapuna — Kunxuuka {2]. [Mocrpoenne monencik C.v.
TpebycT KOPPEKTHOTO y4éTa BCEX BO3MOXHBIX AHOMAITHH.
C. T. #BISIOTCA OCHOROH MOCTPOEHHN PEAIMCTHY. CTPYHHBIX
Mojened obbeAMHEHNA B3AMMOICHCTBHH JJIEMEHTAPHBIX Yac-
me CM Takxe Cynepcmpy~w
1) Gross D. [a, 0.}, Heterotic string theory 1—2, «Nucl.
Phys» 1985 v. B256, p. 253; 1936 v. B267, p. 75; Z)KHHXHMK B,
MHoTOneTIeBbIE AMIUIATYALl B TEOPHH KBAUTOBBLIX CTPYH H KOMIUJIEKC
Has reoMeTpus, «YOH», 1989, 1. 159, B. 3, c. 401. M. B. Tepermben.
CTPYXAJIA YACNAO (CTpoyrais 4uci10; N0 HMeHH YENICKO-
ro ¢musmuka V. Strouhal)—nedobus xpumepuii HecTamuoHap-
HBIX JBHKEHHH XHIKOCTCH H raszon. XapakTepH3yeT CXOnCT-
BEHHbIE MHPOJHHAMHY. SBJIEHHA B HECTAlIMOHAPHEIX PEXHMaX
Teuenns: Sh=/[/vi=wl!/v, rne I, v—xapaKTepHpIc THHEHHBIA
pa3Mep M CKOPOCTh TEUCHHA, { — XapakTEPHBIA ANA HECTAUMA-
OHaPHOrO JABHXCHHA POMEXYTOK BPEMEHH, ® — 4aCTOTa pac-
cMaTpusaeMoro npouecca. C, 4. MOXKHO NPEICTABHTEL B BHAE
OTHOIIEHHA YACTOThI ® K HEK-POH XapaKTepHOH HacToTe
Wo=v//, BBIYHCICHHOH 110 XapaKTEPHHIM CKOPOCTH H JUTHHE,
Torpa Sh=w/m,. Hanp., ecau 3a xapakTepyio CKOpOCTH
TPHHATE CKOPOCTh PACTIPOCTPAHEHHS 3BYKa B KHAKOH HIH
ra3006pa3HOH cpene, TO ®,— Y4CTOTa PaCPOCTPAHEHHA 3BY-
KOBBIX BOJIH Ha OTPE3KE THHOM /.

Ilpu paeuére konebaHH#i ynpyrux Tea B MOTOKAX KHAKOCTEH
WJIH ra30B (Hamp., KoNeDaHWH Kkpbula caMoNETa, MEpHCKOma
TIONBOJHOH NOAKH, aBTokonebanuil TenerpadHeix NPOBONOB,
(abprunbix Tpy6), a Takke NyIbCAUHA daBlleHHS B 30HaX
OTpBIBA TOTOKA (H4MPp., My/JbCALHA JaBJEHHA 33 TLIOXO 06-
TeKaeMbIM TEIOM, Nd QMHIIE PAKETHI) TOJIBIYIOTCH SMITHPHY.
3akoHOM nocrosncTsd C. 4.; SAx0,2—0,3, K-pbiil BLITIONNAET-
CH B IIHPOKOM [MAaIa30He HIMENCHAA Peliioibica yucad.

AHanoTHYNbIA KpATepHit Ho=vt/l/=Sh ™' B MexaHHYeCKHX,
TENUIOBBIX H 5IEKTPOMAIH. HPOIIECCAX Ha3. KPHTEPHEM ro-
MOXpoHHOCTH. C. 4 —4YaCTHEIA BHA KPHUTEPHS TOMOXPOH-
HOCTH, NPHMEHAEMBIH B TMAPOA’POMEXaHHKe. B KpHTepuu
MAarHHTOAHHAMHYecKOH Ho, M JnekTpoMarHATHOH Ho,, ro-
MOXDOHHOCTH BMECTO ckopocTu U BXOAST KOMOHHAIMH JEK-
TPHY. H MATH. BENHYHH (3JEKTPHY. IPOBOAMMOCTE CPE/ibi O, €&
Mard. TIPOHHUAEMOCTb |, Hdeﬂ)I(EHHOCTb INEKTPHY. NOJIA
E H mars. nanyknust B): Ho,=1/opl?, Ho,,=Et/Bl.

C. JI. Butuneseyxui,
CTPYHl —opMa TeueHHN XHAKOETH, NPH K-POii KHIKOETH
(ras) Teu€T B OKPYXAIOIIEM NIPOCTPAHCTBE, 3ATIONHEHHOM Xna-
KOCTBIO (Ia30M) € OTJIHYAIOUIHMHCA OT C. NTapaMeTPaMH (eko-
POCTEIO, TEMII-POM, MNOTHOCTRIO, COCTABOM U T. 1.). B npn-

SHKEHHON MOJIEIH TEUeHHA HACAIbHON XHAKOCTH TPaHHla
C. sBNISETCA MOBEPXHOCTHIO TAHTEHIIHANILHOTO pa3phlBa H Be-
uiectBo C. He CMELIMBACTCS € BEMIECTBOM OKPYXaFoMICro Mpo-
CTPaHCTBA. B peasnbHbIX TEYEHHAX BBHIY HEYCTORYHBOCTH TaH-
TEHUHATBHOrO pa3priBa Mexay C. H OKpyXaroUlM e BHELL.
NPOCTPAHCTBOM BO3HHKAET CIIOH BA3IKOTO HCPEMCUIHBHHH)L
B K-DOM BCE PACCMOTPEHHBIE NAPAMETPEL TCUCHURA HAMEHAIOTCS
HENpEPHIBHO OT COOTBETCTBYHOIIHX C. IO COOTBETCTBYHOMIAX
BHelll. MpocTpaHcTBy. CTpyHHbIE TeYCHHS Ype3BhIYaifHO pac-
OpOCTPaHEHbl H pa3HoobpaiHbl (3to W C., BhITEKarowas H3
COTUIa PakeTHOrO JBHMTaTeNs, 3%eKTOpa, GOPCYHKH H Ap.,
¥ CTpYHHOC TeueHMe B aTMOC(hepe); HX KIacCHPHIHPYIOT Mo
HauO. CYIECTB. MPHA3HAKAM.

Bojblioe NpakTHY. 3HaYeHHe MMeroT C., BHITEKAKOIIME H3
COIUIa HWJIH OTBEPCTHA B CTeHKe cocyaa. B saBucHmocT OT
(HOPMBI IOTIEPEUHOTO CEHCHAS OTBEPCTHA (CoTLIa) MOTYT GHITh
KpYI.1hl€, KBAJpAaTHBIC, MJIOCKHE C‘, a4 B 3aBHCHMOCTH OT Ha-
TPaBICHHA CKOPOCTH TEYE€HHA H4 CPE3E COMNA pPaiTHYyalT
OCEBBIE, BEEPHBIC H 3aKpyicHHbIE C.

B COOTBETCTBHH ¢ XapakTEPHCTHKAMH BEILECTB PACCMATPH-
BarT C. KaneabHOH KHKOCTH, ra3d, IiaiMel. B ocobulit knace
BpienAtoTCH AByxtasnsie C., Hanp. rasoBsle, coAcpXallHe
KAIKHE HNH TBEPABIC 4acTHIBL, M C. KHOKOCTH, 3aMOJIHEH-
HbI€ MY3bIpEKaMH raza. }:lﬂﬂ C. CXKHMAEMBIX Ta3op CylIecTBEH-
HBIM SBJISETCA OTHOLIEHHE CKOPOCTH Ta3a U, Ha Cpe3e coruia
X CKOPOCTYI PacnpoCTPAaHeHHd 3BYKOPbIX BOJH 4, T. €. Maxa
wucao: M=v./a. B 3aBHCHMOCTH OT 3HaueHus M pa’aHvaloT
C. no3BykoBhie (M < 1) u cBepx3Bykosrie (M > 1). AHanoray-
Has kJ1acCHHKAIHA B 3aBHCHMOCTH OT 4HCIa M TPOBOAMTCH
H JUTA CKOPOCTH CPEAbI, B K-pyIo BhiTekaeT C.

B 3aBHCHMOCTH OT Hal‘lp'dBHCHHl CKOPOCTH TEHYCHHSA rasa
(KHIOKOCTH) B OKpyXatowed cpeae pasnHiaror C., BITEKal-
IIHe B CIYTHEIH (HANMPABJICHHBIA B Ty K¢ CTOPOHY), BCTPEHHbIH
M cHOCAMmMH NOTOKH (Hamp., C. XHOKOCTH, BEITEKAMOIIas H3
TpyGEl B PEKY H HAMPABJICHHAS COOTBCTCTBEHHO 10 TEHEHHIO,
NIPOTHB TEYEHHS M TIOJ YIJIOM K CKOPOCTH TeueHus peku). Eciun
€OCTaB KHAKOCTH (ra3a) B C. H OKpyXarolueH eé HEMONBHXHOA
cpene HiaeHTHyeH, C. Ha3. 3aTonueHHoi (wanp., C. Bo3-
JyXa, BBITEKAIOllAA B HEMOABHKHYI aTMmocdepy). C. Ha3.
CBOGOMHOR, eCiU OHA BEITCKACT B CPCAY, HE WMEIOILYID
OFPAHAYABAIOMIAX TOBEPXHOCTEH, MOJIYOTrpaHU4EeHHOH,
€CJIH OHA Teu€T B/1OJ1B IJIOCKOH CTE€HKH, CTCCH&HHOE, €ClIH
BBITCKAET B CPEly, OrPaHHYEHHYIO TBEPALIMH CTCHKaMH
(uanp., C., soiTexaromias B TpyGy Gosblnero iyamerpa, ueM
JHaMCTP COIUIA).

B cooTBeTcTBHH € $H3. ocobeHHOCTIMA BewecTs C. U BHeml.
cpennt pasnuyaroT C. cmemuBaromecd (C. rasa, BHTekaomLAas
B BO3IyX)} H HecMmelnHBarowpecs (C. BOABI, BHITEKANOMIAS B aT-
Mocdepy). [TosepxHOCTE HecMeWHBalollekcs C. HeyCTORYHBA,
M Hd HEK-DOM PacCTOSHHH OT cpcaa comia C. pacnanaercs Ha
xarnu. JansHoGoRHOCTE TakoW C.—paccTofHHE, HA K-pOM
OH4 COXPAHAETCA MOHOJIHTHOM,— 3aBUCHT OT (3. cBOHCTB ef
BELICCTBA, KHHETHY. 3HEPTHA H YPOBHA HAYaJbHEIX EO3MyIUe-
HH{t B conne,

B caydae, xorna BemectBo C. enocobHO eMEIMBATHCH €
BEIIECTBOM BHEWl CPe/bl, Ha €€ MOBEPXHOCTH OGpa3yercs
o6nacTh BAIKOT'0 NEPCMEIUHBAHASA — CTPYHHBIHA NOrPaHAYHEIR
Cnoit. B 3aBHCHMOCTH OT pEXHMa TEHEHHS B 3TOM CJIoe pa3-
nmuatoT C. TamAHapHele ¥ TypbynenTHee. Tak, C., BEITe-
Karwulad M3 comiad PEakTHBIOIO OBHIaTEAA JIETALUETO camMo-
néta,— npuMep TypOyJaeHTHOH ceepx3BykoBoii C., BBITEKa-
IOlIEH B CNYTHRIH NOTOK, K-Phli B 3aBHCHMOCTH OT CKO-
POCTH NONETA eaMONETa MOKET GbITh JO3BYKOBBIM HIIH €BEpX-~
3BYKOBBIM.

B noasyxoso# TypSynenTHo#l C. cTaTHY. NaBJIeHHE B KO-
6olt Todke C. MOYTH NIOCTOAHHO H 6IIM3KO K IABJICHHIO B OKpY-
*aromeM npocrpancree. Takue C., Ha3biBaeMule H306apn-
4eCKUMHU, WIMPoKo pacnpocTpanensl. Ha epele conna enmyt-
HoH wyobapuu. C. (ceyeHue aa, puc. 1) CKOpOCTb TeueHHS
U OTJIHYAETCHA OT CKOPOETH CIYTHOro noToka v,. Ha rpannne
C. n nHell. noToka obpasyeres COH BA3KOTO MEPEMEIIHBAHKS
B, cocrosiumii H3 raza C. H CMEWHMBAKIOILETOCA C HEH ral3a
PHem. cpenbl. Pacxon rasa 8 C., orpanHveHHoM pa3MepoM b,
TIO MEpE YIOAJICHHA OT cpe3a CoIia MOHOTOHWHO YBCITHUHBACTCH
3a CYET MOACACHLIBACMOrO W3 BIIEUI. NPOETPAHETBA ras’a, HO



Puc. 1. Cuyrsas w3obapuueckas CTpys rasa: b, — (ONYLIMPMHA HH

PAnNYC COHMA; b— NOJYLUHPHHA HIH DaQMYC CTPYH: &-— yroJ1 HAKIOHA

BHYTDCHHEH DAHMUBL HAYALHOCO y4acTKa; 8-—yroa paclUHPeHHs
BHELUHEH TPAHHLBI CTPYH.

CYMMAapHOE KOJHHYECTBO ABHXEHHS, OMNpeJesICHHOE Mo H3Gbi-
TOYHOH €KOPOCTH, OCTAETEA HEHIMENHBIM,

B nau. yvaetxke C. npu x <x, pacluupsowuifcs coi nepc-
MEIUHBAHHA €INE HE [IOCTHrAET OCH TEYEHHA; CKOpOCThb
U, BOJIH3H OCH MOCTOSHHA H PaBHA €KOPOCTH H4 Cpe3¢ €oma.
B mepexoanom yuactke C. (x,<x<x,+x,) BAIKOE nepeme-
IUHBAHHE DACHPOCTPAHAETCA Ha Beeb oOnéM C., CKopocThb
TEYEHHS HAa OCH YMEHBIUAETCH, HO NMpouiIM CKOPOCTCH ewé
NpoaoSIKalT MIMeHATbes. B ocH. yuactke C. (x>x,+x;)
CKOPOCTb TEYCHHA HA OCH YMEHBILIACTCH, TIPOHIIH OTHOCHT.
ckopocTH Av/Av,=f(y/b) CTAHOBATCA HEH3IMEHHBIMHA (ABTO-
MOJEAbLHBIMH; CM. Admomodeavnoe mevenue) (Av=v,—uv,,
Avp=v,— U,— H3OLITOYHBIE CKOPOCTH B pPAacCMaTPHBAEMOMN
TOYKe TeYEHHS Ha PACCTOSHHH p OT ocH C. W Ha ocH). AHAno-
THYHO TIPOGHITIO CKOPOCTH BEAYT ¢eBf MpoduIH HIGKTOYHBIX
TeMI-pbI H KOHLIEHTPANHH B OCH. y4acTke C.; BCe OHM CBS3AHBI
3dBHCHMOCTBIO:

Av -~ AT 1/Pr Ax 1iPr v
o \ar) T\ae) )

rae AT=T-T,, AT, =Tp— T, Ax=%—n,,
AXp =%, —H,~—COOTBETCTBYIOLUHE 3IHAUEHHS H3OBITOMHBIX
TeMn-pbl T W KOHUEHTpaluMu u, Pr— fIpandmas uucao, nns
ocecuMMeTPHUHbIX razosbix C. Pr=0,75—0,8. Yrubl pacHia-
peHds rpaHHIl cjios mepeMelumBanus C. o 0 O padyIHYHbL A
NoJNeH CKOPOCTH, TEMN-Dbl H KOHLEHTpAauud. s TypOynext-
X C. CXHMaeMoro rasa yribsl a H 8 teM Gosblie, uem
Gonblue oTaMYAETCH OT | CHYTHOCTL MOTOKA M=1U, V., Y4eM
MEHbLLE YHCIO M, HA CPC3€ COILIA M Y€M MEHbIlE OTHOILUCHHE
MONMHOA HTaNbTHK F, TEYSHHA BIIEI. Tai3a K NOJHOH SHTAIb-
muH H raza C.: H=H,/H,_. Kpomc Toro, Tonuiusa C. B OcH.
ydacTKe (Kak H TOJIIUWHA MOTPAHHYHOIO CJIOA B HAYdJIBHOM),
T.€, yrabl 6 H &, CYIUECTBEHHO YBENTHYHBAIOTCA TIDH YBEJHYe-
HHH Cp. 3HAYEHHA mypGysenmnocmu noToka |01/|#|, rae 6'—
Cp. BEIHYMHA MOTEPEYHOH NyJBCALMH CKODOCTH, a f—cp.
pemyauna ckopocTH B C. Takum 06pasoM, TeucHHe B H306a-
pua. TypOyenTHol ciytno#i C. B OCH. ompenenserca 6e3paz-
MEPHBIMH uHCIaMH Maxa M, Tlpauatas Pr, COYTHOCTH Teye-
HHY m, OTHOCHT. DHTaTbHMH H W TYpOyICHTHOCTH TEYEHHS
171 al.

CxeMa Te4eHHA B H300apHucCKOH, T. 1. pacuyéTHOH,
cBepx3BykoBo# ciyTHoi C. Takas xe, KaKk AJIs J103BYKO-
oit (puc. 1). CkopocTb TedeHus Ha ocH H3obapuy. C. nocto-
fiHa B mpeaesiaX HaqaibHOrO (M3OIHTDOIHYCCKOIO) y4acTKa
TEICHHS X< Xy, @ B JAIbHEAIIEM MOHOTOHHO H3MEHSETCH,
CTPEMFICL K 3HAYCHHIO CKOPOCTH B OKPYXarolleM TPOCTPaH-
cTBe. B ocH. yyacTke 3aTomieHHoR C. x> x, + X, CKOPOCTh Ha
OCH H3MEITACTCA 10 3akoHy 1/ ¥ ana ocecummetprynbix C. 1 no
38R0HY l/\/;? IR HIOCKHX (¥ =x/b,~—6c3paaMepHoc pac-
CTOfiHHE OT cpe3a cofta). He3aBucumo oT dopMbl nonepey-
Horo cewenns C. na Cpe3e ConJia, HaYHHAA € HEK-POro pacCTof-
HHR ¥, B OCH. y4acTke C. CTAHOBHTCA KPYTJIOH.

B ciyyae, xoraa Jasnense p. B cBepXx3BykoBod C. Ha cpese
COlUTa OTJIHYAETCA OT JABMENHA P, B OKpyxatolleli aTMochepe
(7.2 p,), C. Has. Hepac4&€THON H K 4HCIY HAPaMETPOB,

xapakTepHusyrolumux Teuende B C,, 100aBJISeTcs HEPaCHETHOCTD
HCTEYECHHA n=p /p,, ONPEAE/NIOMAN KAPTHHY Y/dpHBIX BOJH
8 C. ¥ B0 BHewl. npocTpaHcTpe. T1pHMEPOM TAKOro TedyeHHs
apaseTea C., BHITEKAIOIIAA HI COTJIA BEPTHKAILHO CTApTY-
fowielt pakersl. Js He€ ycsosue n=1! OyneT MMeTb MECTO
TOJILKO B OJHOH TOYKE TPAEKTOPUH. OCCCHMMETDHYHAA HEPAC-
uéthas C. (puc. 2), BbILEAIASN U3 CCYCHHA @ — a COTUIA PACILHA-
PAETCA B BCCPC BONH PA3PCKCHHS, K-Dhi€ OTPAXAIOTCH OT
rpannubl C. B opMe BOJTH CKATHA, OTMBAIOWeH K-pbIX ABIA-
€TCS «BHCHYas» yaapHas pojHa /. OcccHMMETpuuHas BOJHA
1 orpaxkaercs pbM3M ocH 8 06.1a¢TH 3, UPHYEM B 34 BUCHMO-
CTH OT PEXHMa TEYEHHs, ONpEAE/AEMOr0 HEPACYETHOCTBIO
N M OTHOWIEHHEM 4Hcesl M /M, OTpaXeHHC MOXET ObiTb
TIPOCIBIM HIH «MAXOBCKHMY, KOra BGJIMIH OCH TEUeHHS HMe-
€T MECTO NpPAMAs YI4PHAA BOJHMA, 34 K-POH CKOPOCTb Trasa
CTAHOBHTCS 03BYKOBOH, OTpaskHIibie YJlapHbie BOJIHB 2 Tie-
PECEKAIOT BHELL. TPAHMIY TEYCHHH, TPH DTOM BOIHHKAKOT
YAAPHbIE BOJHBI 4 BO BHCIIL. CBEPX3BYKOBOM HOTOKE M OT-
paxénnas Bosa BHYTPH C. (Ha pue. 2 He nokasana). Havann-

X t=—Xn (o

2, Ceepx3pykopag Hepacd€rlias CTPYA B CBCPX3BYKOBOM CHYTHOM
HOTOKE.

Hblif razoauuamuy. yqactok C. x,, OT Cpe3a Comia o CeueHus,
8 K-POM OTpaxEHHAA yJapHas BoiHa nepecekaer rpannuy C.,
Ha3. mepBol «Goukod». BAIKMH cioH mepeMCIUHBaHAN B, no-
CTEIMEHHO HApacTas, AOCTHI4€T OCH TE€YEHHS Ha PAcCTOAHHH
Xgor K-POE TIa3. HAY. YHAaCTKOM BS3KOro Teuenus. [asee cneay-
IOT YYaCTKH TIEPEXO/IHOrO X, H OCH. X, TEYCHHH, B K-pbIX
YCJIOBHA TE€YCHHUA BIM3IKH K COOTBETCTBYIOLUHM TCYEHHIO B OCH.
yuacTke H3oGapuy. C. B cHyTnoM notoke, ofTekaroliem Hay.
Y4acToK C., BOJHHKA€T yAapHas BOJIHA 5 W maBJieHHe Ha BHEII.
TIOBEPXHOCTH TiepBOi «O0UKH» CTAHOBHTCH MOHOTOHHO Y6biBa-
IOITHM.

B peanbuoi nepacuétro#t C, (puc. 3) B pesyiktate oTpaxe-
HHA YyAApIbIX BOJIH HaGJ’lK)IIaCTCH HCCK. «OoYeK», K-PBIC 34HO.T-
HAIOT BCHO JIJTHHY TIEBA3KOI O TCUCHHA BGuA3M ocH C, Ha yyacT-

Pac. 3. Tesesas GoTOTPadHs OCECUMMETPHYHOM CBEPX3BYKOBOB Hepic-
4ETHOH 1aTOMMEHNOH CTpYHM: [/ —BHCAYAS YIapHag BosiHa, 2—oTpa-
XKEHIBIE YUPHBIC BOJNLL J—~ 08JCTh OTPAXEHHSA Y PlIbIX BOTH.

CTPYS
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K€ X, 4 WHOIIA BBIXOAST 3a €€ Hpedensl. B GomblunHeTse
PACUETHBIX METOIHK OOBIMHO PACCMATPHBALOT TOJIBKO ITEPRYHY
«BOYKy», TOCKOSILKY OHA COAEPAKHT HAHE. HHTCHCUBHBIC yiap-
HBIE BOTHBI, # JaJIbHCHIIEE TeHeHHE CHHTAIOT H305aPHYECKHM.

CrocoBpa3Has KAPTHHA TEYEHHA BOIHMKACT IIPH HCTCYCHHM
cBepx3BykoBoif C. BoNbUIOR HePACHETHOCTH B CBCPX3BYKOBOH
BCTPCYHBIH HOTOK (puc. 4 u 5). PaccMaTpuBas ABHXCHHC OT-

Puc. 4. CXeMa reqenns B CBepx-
3BYKOROH CTpYe, BblTeKaloweh
HO BCUpCUBI MOTOK: [ —of-

JACTL TeMeUHsS a3, BLIXOAH-
wero M3 conaw: 2—obmactn M
BCTpCYNOro  oTokd; 3 —ob- A
MACTh  JACTOMHOLO  TCUEHMS; pa
4 — «KPHTHHCCKAA» TOUKA: B
OBJIUCT BAIKOIO HEPEMELLIUBil~

HHSL ryg

HOCHTCIIBHO COHJIA, W3 K-poro BuiTekacT C., MOXHO BBIICIHTE
3 xapakTcpHbie obmacTu: 06nactb /, B K-POH a3 BBITCKACT U3
COMja, ¢ YHCIOM M, NpH nasieHud p.. B oroii obnactu
PACIIOIOKEHA CHCTEMA yIapHBIX BOTH— Y B (pue. 4), dnuskas
no hopMce K CHeTeMe HOMH, HaOTFONRAIOICHES B CBCPX3BYKOBO#
saroricanoit  C. Gosbmiol  HepacuétroctH  n. Obmacts
2 BCTPEYHOTO TOTOKA, B K-poM TCPel TOJIOBHOH yaapHO#
posiHoH (I'VYB) uncno Maxa— M, M CTATHY. JUBICHUC — p,.
06.1acTh 3, K-pyl0 HPHOJIHAKCHHO MOXHO PACCMATPHRATEL KAK
3ACTOHMYIO ¢ uuciom M;y~0 u d4BICHMCM pyxp,. BOauin
rpannil Tedenua B C. M 0BIACTAX  BHENI. HPOCTPRANCTBA
2 u 3 obpasyetces cnoil Baskoro nepeMeiiBanus B. OGvekanne
BHCIIL Ta3oM o6iacTd TedeHuss B C. AHANOTHUHO KAPTHIIC
0BTeKaHHA CBEPX3BYKOBBIM MOTOKOM 3aTYH/ICHHOro Teat. Te-
YCHHE B OBJI4CTH TOYKH 4 BIHIKO K TeucHuio BO MM KpuTHY.
TOYKH 3ATYNIICHHOIO TCILL.

Puc. 5. Tenepan (o1orpadHs cBepXxIBYKOBOH CTPYH, BhIICKAIOUWICH BO
BCTPe4HbIH MOTOK.

HHGOPMALHA O PACIIPEACIICHHH CKOPOCTH, TEMI-Pbi, KOH-
HEHTPAIHH KOMIONEHTOR B cedchuax C., pacHOIOMKCHHBIX Ma
BLIGPAHHOM DACCTOSHHH OT Cpe3a COMia, HeoBXomuma Lias
OMpeNIEsIeHHs CHIIOBLIX M TEILUIOBBIX TMATPY3OK HAd CTAPTOBbIC
COOPYCHHA H DNICMEHTBI KOHCTPYKLHA DAKETIEIX H CaMONET-
HBIX KOMIUIEKCOB, Ha JIOMATKH ra’oBbiX Typbuu u ap. Ta xc
HupopManHa HeobxoanMa ais pacuéTa watyuenus C. g wmpo-
KOM [MANa3’oHe ANHH 21-Mard. BoJH. CYMICCTBENHO Takxe
4KYCTHY. TOJIC, BO3MUKaIONIee B 061acTH pacnpocTtpanenua C..
T. k. TypOysienrnas C. reHepHpYyeT H AKYCTHY. BOJIHLL AKy-
CTHY. MOLIHOCTE, H3iydaeman C. PEAKTMBHOTO [BHTATCIA,
cocTaBnscT oK. 1% o1 ofuied MONIHOCTH JBHrATCNA: Ona
TIPONOPIHOHA/IBHA BOCHMOMN CTENelIH CKOPOCTH MOTOKA Y ¢pe-

3a corLta. YpopeHb MiyMa poctdtact J50—165 ab. a caexip
4aCTOT OXBaTbiBacT Gosiee 7 OKTAR.

Pa3paboTaHo 601BINOC KOA-HO 110JYIMIHPHY. W MHCIICHHBIX
METOMOB pacyéTa TedeHMs B rasoBbix C., WMCIOJB3YIOIUMX
DOBM u Jar0HX BO3MOXHOCTh PACCYHTATL TYpOYJCHTHBIC
M JaMHHApULIE, JO3BYKOBLIE M CBCPX3BYKOBbIE, B T. 4. HEpAC-
gétpie, C. ¢ y9€ToM ABYX(AZHOCTH, XMM. peakuMil B cioc
CMEIHEHHS, HEPABHOBCCHOCTH TeweHust v jp. OaHako HOCTaB-
JICHHAA 3a/ld4a HE SBJIACTCA PEIEHHOH OKoHYaTenbHO. [laxe
CaMBIE COBEPLUCHHBIC PAcYETHBIE METOMLI WCMOB3YIOT A1s
HOJIYHEHNS PElIEHH S IMIMPHY. 3aKOHBI TYPOYCHTHOI 0 nepe-
MEUTHBAHHSA. CKOPOCTH XHM. DCUKUMH, HITEHCUBHOCTH W3 Tyde-
1HH, HO.TYHCHHBIC B YCIIOBHAX, HC MOIBOIAIONMIHX CHHTATE ITH
AKOUBI YHHBEPCAILHLIMH,

Jiwn: lanaay I AL Indmau B M faapoadnamuka, 4 wsa..
M., 1988; Teopus TypByJicHTUbX Cipyd, 2 wixk., M.  1984; Kap-
nMan M. M., HUCIcdcHe Heaopacimipednol CTpyH BO BCTPCHHbIH
CBEPXIBYKOBOH M 1038YK0BOH notok, «Myp. AH CCCP, MXKI», 1977,
Ne 1, ¢. 89; Chrepx3BYKOBBIC 1CHIODUpHYCCKUE Ccipyn raja. M., 1985:
[a301MuaMuKd CBEPX3HYKOBRIX HEN3OBupHYCeKUX CIpyi, M., 1989,

M. A. FOdeq06uy.
CTPYA AJAPOHHAS —poxaénias B OJHOM aKTC B3AHMO-
ACHCTBHS [PYyHH4 ARPOHOB, [UIA K-PLIX NPOROILIAS HO OT-
HOIHCHHIO K CYyMMIPIIOMY HMHY.IBCY KOMHOHCHTA WMIYIbCd
K4X/0r0 4JJpOHA MHOTO BOJbINE Cro MOHCPEYHOH KOMHOHCH-
Tol. PenaTupHerckum obpasom C. a. CIyKHT HIOTHPOBAHHAR
B HPOCTDAHCTBE CKOPOCTER (CM. Onmocumetvhociu meopus)
CpyINNa aPOHOR ¢ MHHHMALTBHBIM B CE CHCTCMC IERTPA Mace
(C. L. M.) CPCIHCKBY/IPATHUHBIM TTOHCPCYHBIM HMITYIIbCOM MO
OTHOLUCHMIO K HEK-POMY HA4TIPABICHHIO, HABBIBACMOMY 0C b 1O
CTpyH. ITO YC/IOBHC CHYXHT (PaKTHUECKH KPUTCPHCM BBIGOpA
ocn C. a.

Mo cosp. npeactasiennam, C. 4. npeacTaBaseT coboi npo-
AYKTH pparmMeHTalH (NpeppALIeHNS) B 4APOHBl KEUPKOE. o110~
0106 ¥, BOIMOXHO, AP. tapmoios (HATpP.. IMKBAPKOB). obnaa-
FOLIMX [[BETOBBIM 3APATOM M HC HAG.IH0acMbIX B CROGOIHOM
cocTOsHUM (cM. Yoepacanue ysena ).

Uértko sbiaesieHHbic C.a. HAGMIONAKOTCA B HEYNPYTHX
HCECHTKUN NPOYeccay NPY BHICOKHX JHEPTHAX CTATIKHBLIONMXCS
wactHi,. Tak. 2- ¥ 3-cTpyiiRbic coOBITUR XOpOUIO [0 IAF0TCS
0P AHHHIWTALHH DICKTPOHA M IOANTPOHA, 4-CTpyiitible —
NPH AHHUTHJISUMH HPOTOHA H aHTHIpOoTOoHa (puc. |). Ddd.
CedEeHHS POKIACHAA H UX XAPAKTCPHLIE YEPTHI XOPOLIO OMHCHI-
BAIOTCH Kgamaogoit Xposoounastuxoi (KX /). -

OCH. XapaKTCPHCTHKH 4.— pacnpeeieHHe aIpoHOB MO
NONEPEYHOMY HMNYJILCY, K-POC HMCCT IKCHOHCHIL, XAPAKTeP CO
cp. 11ONEePCYHBIM UMMYIIbCOM NpHOI. 300 IB/c, u pacnpe icie-
HHE HO J0JIe = HPOAOMb-
HOTO HMITYJlbCa 110 OTHO-
MICHUIO K MOJIHOMY HM-

MmyjJbcy CTpyH [To4Hce,

2 1T 0 e
i

MHPOBAHHE NpOBORHTCH

NO BCEM aj(POHAM CTPYH
¢ A-HMHYIBCAMH Do,
4 #——CHCTOHO00HBIH (1Ty-
sieBoi) d-pextop (n*=0).
PABHBIH B C. Il M. CTpYH
C/IMHHIHOMY BEKTOPY, Ha-
MPABICHHOMY HJ0.Tb OCH
crpyn]. Tlpu sTOM TJRO-
OHIbIE  CTPYH  HMEIOT
60ABMKIA CP. TOUCPCHHLIR
HMITYJIbe, GOIBINYIO Mio-
Heecemaeniocms 6DHCC
MATKOE  DACTIPE/IC:IEHHC

Puc. 1. Crepeodoiorpadus
WAPOUNLIX CTPYH B ANUNTHIIS-
HHM NIPOTOHA M afITHIPOTOUA
¢ oheprueit 900 B, nosy-
4CHHAs Ma SOOLIIOH CTpH-
mepHoit Kamepe b LIEPHe.




1o z (1. e. OOJMBILYIO AOIIO 4APOHOB C MAJIBIMU 2) TIO CDABHE-
HUIO C KBAPKOBBIMH CTPYSMH. DTO OOBscHAETCH Oonblueit
TPYAHOCTbIO (ParMEHTAIlHY [IIOOHZ B AJIPONbI: JIIA HelTpa-
JIHIALHH UBETA KBADKA €My JOCTATOYHO «NOAXBATHTB» M3
BAKyyMd O/HHM AHTHKBAPK, TOrA4 KAK A8 HEHTPaM3ALHH
LBETa [MIOOHd HEOOXOAHMBI, O KpaiHeH Mepe, ABa KBapKa.

H. JIOJIIO MACTHI B CTPYE COCTABIIAIOT T-ME3OHBI (= 90%),
H sk 10% MPHXOAKTCH Ha OCTalbHblE YaCTHUBI: K-Me3oHbI,
HyKJIOHBI H AN THHYKJIOHBL [10THOCTS YHCNA aipoHoB H ¢ lo-
Jiei HMTIYJIbCA Z H TIONEPEYHBIM HMITYJIbCOM P, B CTPYE MapTo-
Ha a4, Dy,(z, p) Has. dymxumeil GbparMeHTALHH
mapToHa. [ing ¢-uuit hparMenTanmu A0KHBI BHITOIHATHCH
yCNOBHS

1
Y Qufdzfd*pDualz. p)=Car
H o

rae Q,— 3apsj NapTOHa g (INEKTPHY. 34Psil, HupuonHoe wucio,
zunep3apsd U Ap.}, @ @y — TOT Xe 3apai aapoHa H. Cymmn-
POBaHHE TIPOHM3BOAHTCA MO BCeM d4ApOHAM CTPyH. T. o. , H3-
MepeHHe G-1Hi GpArMEHTAlMM TIO3BOJISET B TIPHHIMATIE ONpe-
JICTHTh KBAHTOBBIE YHCNA KBADKOB H [IIOOHOB. DTO, OJHAKO,
HE OTHOCHTCA K LBETOBOMY 3apsiiy (IOCKOJIbKY BCE AJPOMbI
GeCLIBETHRI), HTO CBHAETEILCTBYET O HEOAHOBHAMKOCTH B ONpe-
genetun C. a.—B Hell 06s13aTenbHO HMERTCH AAPOHRI (C Ma-
JIBIM 3HAQYENMHCM Z), K-pble C PaBHbIM OCHOB4HHEM MOXHO
OTHECTH KaK K AaHHOHM, Tak M K Kakoi-iM60 H3 Np. cTpyH,
DOZMBILMXCS B TOM e npoliecce. Hanp., B nponecce anHuru-
JAuMH, e e” — aJpOHBbI, MOTYT POAHTbCH, MO KpakHeR Mepe,
ape C. a., O[IHA W3 K-phiX OTBeuaeT (parMEeHTALHHM KBAPK4,
a [pyras —aHTHKBAPKA, Me/UIEHHBIE K€ B C. L. M. APOHBI
MOryT OBITb OTHeCEHhl KaK K OQHOM, TaK H K ApYro# crpye
(puc. 2).

B KX/ ¢-unn dhparMEHTalHH 3aBHCAT TAKXKE H OT XdpaK-
TEPHOTO NEPEAABAEMOrO B IPOTICCCE HMITYNIBCI (HATIP.. NOTHOR

crpyn |
Puc, 2. O6patoBakue IBYX AIpOH-
HAIX CTPYH B NpOLECCE aHHMIBS-
muu e*e” —2 cTpyH.
crpyr 2

3HEPrMM B C. Il M.). 3T4 3aBHCHMOCTb, HMCIOUGA Cnaluiit,
norapuPMHY. XapakTep, OHPEAENSCTCS YP-HHAMH JBOJIOLHH
KXJI ¥ aHanmorH4Ha TaKOH Xc 3ABHCHMOCTH CrpyKMypHbiX
ynKyuil aIpOHOB.

Jns NpakTHY. pacy€TOB pACTPEfeNIeHHA aJPOHOB B CTPYsX
HCONB3YIOTCA ABa NO/x0Aa. IlepBbIA M3 HHX OCHOBAH Ha
MOJIENH IR IbHBIX CTPYH (CM. Jya.1bliocmb), HATATHBAIOLHXCA
TpH pa3néTe UBETHRIX XECTKHX HAPTOHOB. OH Gasnpyercs Ha
SBOFOLHH CHCTEMBI K&K MAPKOGCKOM CAYNAAROM NPOYeLce, MTO
nossonseT 3pbekTHBHO Henonb3oBaTh Monme-Kapiao memod
JUIS MOJETHPOBAHHA MHOTOYACTHUIEIX COObITHH,

Taxas cxeMa, O/AHAKO, He yuHThIBaeT 3hdekToB HHTEpdepeH-
UHH CTPYH, K-phle HE IONYCKAIOT BEPOATIOCTHYIO HHTEPIpPETA-
W0 (XOTH A8 KaXAOH MHKIIIO3HBHOH XdDAKTEPHCTHKH TaKds
HRTEPNpPETAlHs MOXET OhITL BOCCTaHOBJIEHA). ITO NpHBEIO
K PA3BHTHIO BTOPOrO MOAXOJA, B OCHOBE K-POrO JIEXHT TIpea-
CTARJIEHHE O «PACTPaTe» IHEPTHH POJHBLUMXCA HAPTOHOB HA
H3TYIEHHE MHOXKECTBA TOPMO3HBIX MATKHX [JIKOOHOB, PACcCHH-
TrBacmoH B KX 1. Ponb yaepkaHns UBETA CBO/IHTCS K 3aMEHE
RAPTOWOB Ha TIOCIIEIHEM JTANE PA3BHTHA CHETEMBbI OECIIBETHBI-
MH aIPOHAMH. TIPH 3TOM NPEANONAraeTCs NOKAILHOE COOT-
BETCTBHE TIIFOOHTIBIX PACTIDEAEICHHH H HAGIIOAaEMBIX paclipe-
Jeneunit aIpOHOB.

MpenckasbipaeMble 3TOH TeOpHEH H HabIlIOA4EMbIE Ha OMNbl-
T¢ 3peKThl KOTEPEHTHOCTH (ABYXropbas CTPYKTYpa 4lpOH-
HHX CMEKTPOB, GYRIEYEHHE» ANPOHOB B CTOPOHY TIIFOOHHOH
CIpyW B COOBLITHAX € e ™ —3 CTPYH) MOK43bIBAIOT, 4T0 4IPOH-

HAst CHCTEMA BOCTIPOM3IBOJIKT AOCTATOYHO TOHKHME MePThbl CBOE-
rO TAPTOHIIONO CKENETA M CBH/ETENLCTBYET O JOCTATOYHO
c1aboM BJIHAHHH NBIICHHSA YNlepXamnHs UBETA HA pachnpeseie-
TIHE 4/IPOHOB B CTPYAX.

Jum.: Tpumun B. T, Ob6pasopaHue pe3oBaHCOB U CTPYH 4IPOHOB
BO B33MMOACHCTBUAX YACTHI BHICOKHX PHEPrHH W CTPYKTYPd AAPOHOB,
«YAS», 1984, 1. 15, Ne 1, ¢. 178; Asumos . W n ap., DddexTsr
xorepeHTHOCTH B KXJ1 cTpysx. HOBOCTH TEODHH H 3KCUEDHMEHTY,
B KH.: @H3INKA SMEMEHTUPHLIX HacTHU (MaTepHainl XX 3HMUeH LKoJIhl
JIUA®), J1., 1985, ¢. 82; Apemun M. M, Throonunle cTpyH B aapoH-
HBIX HpOLECCAX H KOH(baHHMeHT, « YA d», 1987, 1. 18, Ne | 9.

A. B. Efppesios.

CTYNEHYATAS MOHHU3ALIUA —ojMI H3 OCH. MeExaHm3-
MOB 00pa3lOBAHHSA 3aPAXKEHHBIX MACTHL B IUIA3Me, 3JIEKTPOH-
Hisl TEMI-pa K-poi T, MHOIO MEHBIIIE IOTCHIHATIA HOHM3AIIHH
atoma I (1. e. kT, << /). O6pazoBaHHE 34PSK. HACTHI[ NPOHC-
XO[HT B Pe3yJIbTATE CEPUM NOCIENOBAT. HCYNPYIHX cOyiaape-
T CBOOOHBIX IIEKTPOHOS € ATOMOM, TdK MTO NpH KaXI10M
M3 TAKHX COYJAPEHUA TMOTCHL. JHEPIHs ATOMA HIMEHACTCS Hd
BENIMMHHY, MeHbilyto /. Ponb C. H. B ataHce 3apsk. 4acTHL
B IIA3ME CYILECTBEHHA NPH YCIIOBHH, €C/IH PA3pYILEHHE BO3-
OyXAEHHBIX ATOMOB csnsauo C HCYNPYTMMH DIIEKTPOH-ATOM-
HBLIMH CTOJIKHOBEHHSAMH, 4 CTIOHTAHHOE HIJTY4EHHe He SBIIseTCH
OTIPEAENAIONINM, DTO YCIIOBHE BhITOJIHALTCH NpPH }JOCTaTO‘iHO
BLICOKHX 3HAMEHMSX TUIOTHOCTH 3NEKTPOHOH N, 2 10'3

Mpu C. 1. BANEHTHBIN 3NMEKTPOH ATOMA HCTILITHLIBAET Mnoro-
KpaTHbIE CBA3AHHO-CBA3AHHBIC HEPEXOAbL TIOA JIEHCTBHEM €0-
y/lapenuid H TPOBOJIMT OCM. BPEMS HA BBICOKOBO3OYXAECHHBIX
YPOBHAX C 3HeprHeH cBs3u nopsaka ~k7,. Ilpa Gonpumx
HIIOTHOCTHX N,, KO[/Ia POJib CIIOHTAHHOTO H3.yYCHHS HPEHe-
6pexumo Masia, xapaktep C. H. cnabo YyBCTBHTENEH K COPTY
atoma, a koHcTauTa C. K. K; ¢ XOpOILEeH TOYHOCTHIO ONMHCHIBA-
€TCS BbIPAKEHHEM

10

88 _ ¢ mT\*
Ki:A“'W(ﬁ) exp (=1/Te) [ovfel. ()

K-pOE CBA3AHO C KOHCTaHTOH OOpaTHOrO Hpouecea (TPOHHOK
pexombunayueti) TIDHALKHOM /1€TAJILIOrO pABHOBECHS. 31eCh
m, e—Macca H 3apsj 3JIEKTPOH4, TE /laéTCﬂ B 3HCPrETHM.
CNTHHHIAX, g, £q» &;— CTATHCTHY. BECa 3/IEKTPOHA, 4TOMA H HO-
H4 €00TBETCTBEHHO, 4 Geapa3mMepHbli ko3, A4, caabo 3aBHes-
A OT copTa aToMa, pasen A =4+0,5. 3Ha4eHHs KOHCTANTH
C. 1., BbIYHCIICHHbIE O3 y4ETa CIOHTAHHOTO H3IYHCHHS Ha
ocxopatuk (»), npu T,=0,1/ pasubt 4,4 107'° em*/c ans He,
3,5-1077 em¥/c s Xe 2,7-1078 cM‘/c ana Cs. Vuér criou-
TAHHOT O H3ﬂ)"‘leﬁﬁﬂ Tp€6yeT HCIOTb30BAHHA YHCIICHHBIX ME-
TOAOB JUIA pdC"lETa koncTautel C. 1. Pe3yﬂdeTH HOHOGHHX
pdc'{eToa YYBCTBHTECJIbHBI K MO/ICIIH, ﬂpHMel{ﬂCMOH TIPH HAXOX-
JIEHHH KOHCTAHT CTOJIKHOBHT. NMEPEXOJIOB MeX1y BO30YXIEH-
HBIMH COCTOAHHAMH aToMOB. C. H. HTPaeT 3Ha4uT. ponb H Ha-
JIaHCE 3apAK. MACTHN MIA3Mbl Jy2068020 paspria, fomopeso-
HANCHOU NAG3IMbI, ny-u(onoﬁ TUIA3Mbl BBICOKOI'O JAH.I€HHA H JIP.
Jum.: Bubepman JI. M, Bopo6ber B. C., Axy6or U. T,

KBHeTHKa HCPaBHOBECHOH HM3IKOTEMHepaTypHOH 1aaimel, M., 1982,
A. B. Eseyxui.

CTAOHTOHA YMCJO —KkpHTepHil TEMNOOTHauH, OAHH H3
nodobur Kpumepues TEIUIOBbIX MPOICCCOB, XAPAKTEPHIYIOTUHHA
HMHTCHCHBHOCTDb JMCCHHALIHM HEPTHH B TIOTOKE XH/JAKOCTH HJIH
ra3a W B3aMMOJCHCTBME CYMMADHOH TEMIOOTAAYH C KOHBEK-
THBHBIM NEPEHOCOM TEHI1A 110 TCHCHUIO CPEALL: ST =122/c,pu, TIE
o —KO3p. TEMNOOTaduM, ¢,— Y. TENIOEMKOETL CPCABI TNPH
MOCT. JA4BJEHHH, p— HIOTHOCTh, U— EKOPOCTL TeueHHs. Ha-
3BaHO MO HMCHH anrn. yuéHoro T. CrautoHa (T. Stanton).
C. 4. sBaseTcs Ge3pasmepHoil GopMOH Ko3p. TemiooTIauH
H cesidaHo ¢ Hyccemma uucaom Nu w Ilexae wucaom Pe
COOTHOIUEHHEM S!= Nu/Pe.

. 4. BBIpaX4cTes TakXke 4eped GeapasMepHble Ko3d. no-
BEPXHOCTHOTO TPEHHA ¢y HITH THADOJHHAMMY. conponwneuml
A. B cnyuae, korna Ipandmar wucao Pr=1, Si=c,2=A/8.
DTa 34BHCHMOCTD, BhLIPAXKAIOLIAN nponopunouanbuoch He3-
PA3MEPHBIX KO3h. TEMIOOT/@YH M TPEHHS, Had. aHalorHeH
Peitnonbaca (cM. Kongexmusrbilt mentoobaen).

C. . Buuneseysui.

CTIHTOHA
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CTIOAPTA YUCJIO — 6capasMephasn Beanuuna S, onpee-
JIFFOILIAs YCTOHYHBOCTD TEUEHHH B MA21umyoti 2udpoounamuxe.
Haspano no umMenn anrn. yaenoro Ox. Crroapra (G. Stuart).
C. 4. XapaKTCPH3YeT OTHOLICHHC CHJTBI 31.-MAarH. TOPMOXEHUS
jHc ' ~ovHc™? x cunc unepunn pvid~! (H—Hanpsxén-
HOCTb MACH. TONA, j—237IEKTPHY. TOK, G — 31eKTPONPOBOA-
HOCTb, U— CKOPOCTb, P—TAOTHOCTh KHAKOCTH, d— Xapak-
TepHbIit pazMep). C. 4. paBHO HPOH3IBEACHHIO Peili0.150¢a Huc-
A@GMATHUTHOTO R, U Aavgena uucaa A:

S=R,, - A=0cdH?*puct.

JlamuuapHOe TcueHHe en1abonpoBOAsIuCH XUAKOCTH B Y3KOH
IWHITHHAPHY, TPYOKC BONL MArH. NOJS YCTOHYHBO NpH S>0,1
(cM. ITyaséiinn 3aKom).

CYBBYPH —Bo3Mymienus B MariuTocdepe (M.) 3emuti, Bhiz-
BAHHBIC HIMEHCHHAMH B COHEUHOM 6empe W COHPOBOXIAIO~
ILHECH TMOBLILICHHON JHCCHNAUKEH HOCTYNAKLIEH H (WIH) yxe
noctyuusmie#f B M. (HaKOHTEHHOR) SHEPIHH CONIHEHHOrO BCT-
pa. C. mposenseTcd B LEJIOM KOMHJCKCE TeoH3. ABICHMIR,
OXBATBLIBAIOLICM NMPAKTHYCCKH BClo M. B cBa3n ¢ 3TM pa3z-
suuaroT C. B NONApHEIX cHAHusAX, MarH. C. (cM. Maziumusie
sapuayui), nonocepuyto C., C. B JHEPTHYHBIX 3aPAK. HACTH-
Hax u T. g, o6beauHAeMbIX OOIIHM NMOHATHEM MarHHTOChep-
Hoit C.

Ilpu HoBOPOTE MeXHIaHeTHOTO MarH. nons (MMIT) x rory
YBETHYHPAETCA TIOTOK SHEPIHH €OJIHEYHOro BETPA BHYTph M.
BENEACTBHE NPOLECCOB HEPECOSAHHEHUA HA MAaTHHTOHAY3E (CM.
Maznumocgepa 3emau). I1a JHCPIHA HAUMHACT HAKAIIHBATE~
¢A B xBocTe M. B BH/JE KHHETHY. H TEMIIOBOK 3HEPTHH MIa3MBI,
MarH. SHEPrHH KPYNMHOMAEIUITAOHBIX TOKOB, TEKYILIHX B 1L1a3-
MEHHOM Ci10¢ HIH BIOJb MarH. CHIOBHIX JIHHHA MeXIy a3~
MEHHBIM CJI0CM M aBpOpanbHOi wonocgdiepoii. OnHOBpeMeHHO
(c BpeMeHHOI 3a1epXKOH B 10—20 MHH H3-32 HIYKTHBIIOCTH
CHCTeMBbl M. — HOHOC(EPa) HAYHHAETCS MOBLILUICHHAS, CBAJAH-
Hasl € yCUJIeNHeM KpynHoMaciuTabuol MaruutocdepHoii kon-
BEKLMH JHCCHMTALMA JHEPrHH B aBpopaibHOH HOHOCdepe
B hopMe JkoysIeBa Temwna (NpaMas JHCCHNALMs, HPOLECC Nps-
Mmoro aeiicteus). ITo JOCTHXEHHIO KDHTHY. YPOBHS 3aHac€HHas
B XBOCTE 3HEPrHs BBICBOGOXIAETCA B3PRIBOOOpa3HRIM 0Opa-
30M (P3PRIBHAS JUCCHHALMA, MPOLECC Pasrpy3ku). YacTe Bbi-
¢BOGOXJaeMoH B MPOLECCe Pa3rPy3KH SHEPTUM TOABJIAETCS BO
BHYTP. M. B opMe KOIIBLEBOrO TOKa, AXOYJEeBa PA30rpeBa,
BTOPEHHS ABPOPANTLHBIX YAaCTHIL, AP. YacThb B BHae 00pa3opas-

CTOpONLI M. s XBOCT, 4TO TIpOSBJIACTCA B CMCILUCHHH B Bo1ce
HH3KHE IUHPOThI JHERHOrO Kacna W ANCBHOIO €EKTOpd OoBana
noAapHeLY cusnuil. YBETHYEHHC MAarH. NoToka B XBOCTE M..
pOCT l'lﬂl'lp}l)KéHHOCT" MArH. NoJjs H HAKOTUIEHHOH B XBOCTE
JHEPrHH COMPOBOXNAIOTCH YBEJIHYCHHEM TOKOB B NJIA3MEHHOM
CJA0€ XBOCTA H NJIABHLIM YMEHbLIHEHHCM Ha NOBEPXHOCTH 3em-
JIH I'Op"?OHTaJH,HOﬁ KOMIOHECHTBI MATH. NOJIA B HOYHOM €CK-
TOpe 4BPOPabHOH 30HBL. DTO HPUBOAWT K BHITArMBAHHIO
B XBOCT. MACH. CHJIOBLIX JIMHHHA Hd rEOICHT PHY. paCCTORHHﬂX
7—12 Ry (Ry—paauyc 3eman), HpHOIMkKeHHIO K 3eMiIe
BHYTP. FPAHHLBI HJ1A3MEITHOTO CJIOH H COOTBCTCTBEHHO CMEILE-
HHFO B §0JIeC HHIKHE IIHPOThI IKBATOPHANBLHON QyTH HOYHOr O
ceKTOpa oBajla. B pesynsTate nosopota MMII x rory yBen-
YABAETCH HANPMKEHHOCTD HAHPABAEHHOI'O ¢ YTPEHHCH CTOpPO-
Hhl HA BCYEPHIOK) 3JICKTPHY. 11OJIS BO BHCHI, Mq HAYHHACT
YMCHBINATBCA TONIIHHA NIA3MEHHOIQ CNOA H, KaK CJICACTBHE
ITOTO, YBEIHUHBAKITCA PAIMEPBl HOJNAPHON 1LAHKH, YCHIIHBA-
CTCA KPYHHOMACHITaOnas MarHuTocthepHas koHBexuus. Ha
9Toi daze C. npouecchl HAKOHJICHHS JHEPIMH B XBOCTE M.
H B KOJILLEBOM TOKC NMPEOOIIANalOT Hajl AHECHHALMEHR SHEPrHH
B aRpopaabHOit nonochepe. Mpojo:xuTensHocTs Base! oT 0,5
a0 g

TToaroToBNT. ha3a MpepbIBacTCA BHCIATLLIM, MPAKTHYECKH
B3PBbIRHBIM YCHJICHHEM J[IMCCHNANHUM DJHEPrHH, K-poe CBHIe-
TeNbCTBYET O HA4ANle AKTHBHOETH, T. €. 0 mepexoge C. B pa3zy
pa3BUTHA. AKTHBHOCTb MOXET OOYC/IOBINBATBLCS 3HEPTHEH,
3anacéHHoll B xBocTe M., faske HOCIE HPEKPALLUEHH S TTOCTYHIIE-
HHSL 3HEPTHM M3 COJIHCYHOrO BETPa. TAK 4TO YMCHBINIEHHE
NOCTYHJIEHHA JHEPrHH HE onaTem,Ho O3HaA4YaeT NMepexon oT
$a3bl pa3BUTHA B HOCICAYIOINyI0 (a3y BoceTaHomieHHs C.
B xonne O/ IrOTOBHT. Q)azu H3-32 YMCHBUICHHA TOMIIHHBL
TI43MEHHOTO CIOSi M U3MCHEHHS KOHDHTYPAIIMH MarH. CHIIo-
BBIX JIMHHH HJIa3Md B XBOETE npuﬁ:m)l(acTeu K HeyCTOFI‘iHBOMy
COCTOAHHIO. B6yiM3y HEHTPaNbHOro CJIOS XBOCTA Pa3BHBAETCH
BECCTONKHOBHT, HEYCTOWYMBOCTL THPHHI-MOabl (cM. He-
YCMOUYLEOCHIU NAG3Mbt), K-Ddf TIPUBOJMT K BO3HHKHOBEHHIO
Na FeOLEHTPHY. PACCTOAHMH 2 |5 Ry MAKPOCKOMHY. NEHTPAIIL-
HOH NUHMH U Hauasry OYPHOTO HpOLeCed nepecoeduners MaTH.
CHJIOBBIX NHIMiA JIONeH XBOCT4. DHEPrHs, BHICBOOON/IaeMas
HPH P43BHTHH TUPUNT-HEYCTOHYHBOCTH B XBOCTE M., CUHTaeT-
CSl OTBETCTBEHHOMN 34 a3y paseutHs C. Havano 3ol dasn
XaPaKTepH3ycTcsi GYPHBIMH NPOLECCAMH YCKOPCHHS H.T3Mbl
BO BIICIH. M., reuepiluueﬁ HHTEHCHBHBIX HPO/IOJILHBIX TOKOB,
4TO Ha MOBEPXHOCTH HOYHOH CTOPOINBI 3€MIIH CONPOBOXK/IAET-

wierocss B xpoeTe M. mmazMoHaa (CM. HEXe) BO3IBD TCS
obpartio B conHexHwll Berep. O6a mpouecca (HpAMoOro Aei-
CTBHA H paBrpyBKH) JAKT B CpEAHEM OJJJ{HaKOBblﬁ BKIlan
B HepreTuxy C., OMHAKO B MHAMBHAYaNbHbix C. OJMH M3 HHX
MOXCT npeoﬁnanaTh B NEPHOI €HIIBHBIX C JIUCCHITALIM A 3HEP-
THH MOXET A0eTHraTh ~ 1012 BT (B cniokoitnoM cocToRHHM M.
~10'® Br). IposomkHTeNbHOCTE H30MHpopanHoi C. NpH6.L.
2—3 4, Ho Takas C. foBojbHO peakoe spnenue, O6buno C.
BOJMHKAIOT «CEPHAMM», HoBas C. HAuHHaeTCA eé 0 OKOHY;
HHSL HpeluleeTBYIOWEH. Buigensior 3 ta3sbl 3neMeHTapnoR
w3onupoBanHOo# C.. MOATOTOBHTENLHYI ((asy 3apOXaCHH,
POCTa, NPEABAPHTEILHYIO), PA3BHTHA (AKTHBHYIO, B3PBIBHYIO).
BOCCTAHOBJICNAA (3aTyxaHus) (pUc.).

Hayano noarorosHTennuoi dazu C. cosnagaer
¢ nosoporoM MMIT k fory 1 Ha4anoM pocTa 3anaca HepruH
B XBOCTe M. YBENHYMBAETCSH HCPEHOC MArH. NOTOKA C AHEBHOH
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ca ysap' JyT HOJIAPHBIX CHAHMH, 06pa30BaHMEM ABDO-
PpafbHOH BBIHYKJAOCTH (OOGJACTH C aKTHBHBIMH HONAPHBIMH
CHSHHAMH) H €€ DaCHIMPEHWEM K I10.1I0CY. (GOPMHpPOBAHHEM
JIBHXYLIETOCH K 3anany uszruba TIOJISPHOTO CHANHA H MHTCH-
CHBHOH 4BPOpATBLHONH 3aHA/\HOH 3NEKTPOCTPYH, NOSBICHHEM
HyJbcaluit reoMart. nons Tura P;2. BTOp&EeHUS 3HSPrHUHBIX
HACTHIL H3 M. NPHBOJAT K YBEHUCHHIO TIPOBOAHMOCTH HOHO-
C(pepbl, BO3HHKHORCHHIO TOJISIPH3all. JJIEKTpHY. HOJIeH H MH-
TEHCHBHbIX TOKOB, K-Phl€ COCTABIIAIOT HOHOCHED. HacTh TPEX-
MEPHO# TOKOROI NETNH, BO3HHKatowWeH Ha dade pasputua C.
Yepes HOMOCHEPHYIO HACTh TPEXMepHOH TOKOBOH NETIIH JIHC-
CHIMDYET 3HAYMHT. YacTh JYHEPIHH, 3amacéHnas B xpocTe M.
TokH BTEKAIOT B HOHOCHEPY B YTPEHHEM CCKTOPE H BHLITEKAKOT
8 aeuepHeM. CyMMAPHAR UHTCHCHBHOCTL TOXKOB B XBOETE
YMEHBLIACTCA, W KOH(UIYpalMs MarH. HOJNA B OuikHed (x
3emMue) wACTH XBOCTA NPUOIHKACTCA X AMNONbLHOH. B nanbHel
Y4CTH XBOCTA B Ppe3YIbTATE HCPECOCAHHEHHA BbLITAHYTHIE
B XBOCT JIMHHHM Da3pbiBaloTcs, 00pas’ys 3aMKHYTHIC HETIH.
Bech 3TOT PAMOH ILTA3MEITHOTO CJIOS HEPECTAET ObITH CBA3AH-
HBIM MATH. CHIIOBBIMH JTHHHAMH ¢ 3eMNEH n MoxeT cBoboTHO
YAATATBCA OT He€ HOJl BJIMAHMEM TIPAJHEHTa IUTA3MEHHOro
NARTICHUR. OT)JCI\“BIHE\S{CK oT 3cMnu U ABMXYHIAACA B XBOCT
4ACTh TIAIMEHHOTO CJIOS, NPOHM3AHHAS 3aMKHYTHIMU NETJIS-
MH MArH. NMoJjs H co/jepXxaiuas neﬁTpanbuyro JIMHHKO, HA3.
mrasmMonsioM. Ilmazmonn nobonsHo OwicTpo (3a ~ 10 MHH)
nepeMeLIETCs B XBOCT Ha DPACCTOSAHHE >60R,. Takum 06-
pas3soM. M. c6paceisaeT H30bITOK HIA3Mbl H JHEPTHH, K-DYIO HE
MOXET GOHBHIE YAEpXHBAThL B r€OMarH. XBoCTe.

TMocne yxoga UA3MOHMIA HAYMHACTCH BOCCTAHOBJICHHE
TITA3MEHTION O €103, COTIPOBOXKANIICECH GblCprlM JIBHXCHH-
€M AKTHBHBIX CHAHHA M 3d4HAAHOH JMEKTPOCTPYH K HOJFOCY




Takoe jeHxciie, 06LMIO Angiieecs ~ 30 MHH, M COCTABIAET
nposBIcHAIC Hhaisl pa3suTus C. Ha MOBCPXHOCTH 3emuH. Cie-
JYET OFPMCTHIL, UT0 PesynbTatht HabutoaeHuA 3a Tmasmoi
# BAPHANHANY MACH. 110519 B XBocT¢ M. BO Bpems Hek-phix C.
MOTYT OBbITh OGBLACHCHBI K 03 (IPUBJIEYEHUS TOHATHH Heil-
TPAILHON TRHAM 1l MATH. TIEPECOE/IMHEHKS, T. K. CYLIECTBYET
WIBTCPHATHRIAN MOjteb C.— PaciTPOCTPAHEHHE B XBOCT BOJI-
HBI PAIPAKCHUS OT BHYTP. TPAHUILI TAIMEHHOTO CIOS.

XoTa uanano ¢azm patsutis C. 06ycioBlieHO BHYTD. upo-
eccavm 8 M., 97T OpOuECesl MOTYT ObITH HHHUMMPOBAaHbI
W3MCHCHHUM [ TaBIICIIHS COTHCYHOTO BeTpa Ha M. u moBopo-
ToM MMIT k cenepy 1am foBasfieHeM HEGOABIION ceBep-
HOI KOMIIOHCH TBI K CYINCCTBYFOIICH I0KHOH KoMIToHeHTE. Ma-
rnutochepinie C. MOTYT PA3BHBATBCA M TIPH CEBEPHOH KOM-
roHetTe MMIT, no B 9Tom Clydae OHM OXBATBIBAIOT 3HATH-
TENLHO MeubNIyI0 06macth, M. M OTCyTCTBYeT NOATOTOBHT.
dasa.

C. 8 akTHBION (3¢ ABIICTCH HATTOKENHEM OIHON Ta /Ipy-
rylo psite «mpoctbixn C.. HA3BIBACMBIX MMIOTAA MHKPOCYG-
Ovpamu. MukpocySHYPS XapaKTCPHIyeTCs YCHIICHHEM HHTEH-
CHBHOCICH 3AIUIHGA WICKTPOCTPYM M CBEYEHHS HOJISPHBIX
CHAIIE, IPHUEM KK 1ds NOCAC/1yIonias MUKpocy66ypsa conpo-
BOWIICTCH CKAUKODGPAINBLIM NCPEMCIIEHHEM 341130 Tpa-
UL AKTHBROM 0GiacTH Ha 30"—50" B cTopony Gonce pan-
HCTO MECTHOI) HPCMEIH.

TTocne JOCHDKCHAS JIBWKYILICHCS K 10JIF0CY aBPOPAaNbLHOM
BBUIYRIOCTEIO JKCTPUMATLHO RBICOKMX LIMPOT HAcTymaeT ¢a-
34 BoccTanopiuenus C. ITO BpEMs MpojoJiXaeTcs
YTONUCHUC MLEIMCHION0 CI08, YMEHBLIAETCS HHTCHCHBHOCTh
4BPOPRTBHOIO CBCYCHHS, NOTOKOB BTOPTalOUIMXCS aBPOPAITb-
HBIX YJICKTPOHOB K 4RPOPATLABIX LICKTPOCTPyii. OBan nossp-
HBIX CHSHMA HAUKIAET CRUMATHCS, HO B HeK-puix C. Ha npuno-
JIOCHOG TPAKHIE OBiJId JUTHTCIBHOE BPEMA CYLIECTBYIOT y3-
KHii  paiioli HMHTEHCUBHOIO BTOPKEHHS 4aeTHU M Jpkoe
TONAPHOC CHshue. Yepes 2—3 9 nocie Havana C. reodws.
AKTHBHOCTh 34TYX4CT A0 MCXOANOTO YPOBHN. FTOT MOMEHT
U cHUTaeTCA KOiloM a3kl BOCCTAHOBIIEHHUS, XxoTA B M. emwé
JLOATOE BpEMSE Dl UCTPUPYIOTCA MOBBINEHHBIE IOTOKH JaXBa-
HENHLIX B COMAIH. JTOHYNIKY IHEPTHYNBIX TAETHIL

S Axacody C-H.. [Nonspupic M MarHKTochepHbie CyG6ypH,
nep. ¢ anrt, M., 1971: Akasofu S-1., Physics of magnetospheric
substorms. Dordrecht, (977, ®UIMMCCKHE OCHOBBI NPOTHOIHPOBAHHA
Marugrochepunis soaMyBicmit, J1., 1977, 7. H. demoumein.

CYBIAPMONHUKA capMolieckoe Kotebanue ¢ 4a€TOTOH,
PABHOM KPATHOM JI0JIe THAMEHHN OCH. YaeTOThL
CYBJIMMAILIUA (Bosronka) (0T s1aT. sublimo — Bricoko noa-
HUMAK), BOBIOUIY)— 1ICPEXO/1 BENICCTBA W3 KPHCTAITHY. CO-
CTOSHHS # F43000DAIHOC, MUHYS IUTABICHHE, PA3HOBHANOCTH
napoodpazosaid. C. COUPOBOKIAETCA NOTNOMIETHEM TEmIo-
TH H yBesiHucHHeM Y. 00nEMa (Pazoasii nepexod 1-ro pona).
C. Bosmoxkua npw P<P,. T<T, rac P,. T.— napiexne
H TEMII-pA npoitioii moyky BenlecTd. BOmuay TpoliHOM TOYKH
Teraotra C. (P < P) pasHa cyMMe TCILUIOT N.1dgteHUs K uchape-
st (P> Py)

Mpotteccom, oOpatiniM C., ABIRETCA KONOCHCAYU S BCIIEETBA
W3 ra3080i (Qa3bl. flpH papHOBCCHM KPHCTArUIMY. M ralzopod
day (L=P,-- M4BNENUC HACHINEHHOTO Tapa NpH [annod
Temi-pe 7'} HOTOKH CYONMMHPYFOIHXCA H KOHACTICHPYIOUH X~
o Moricky.t papiiel. Ckopocty, C. jy (4HCIO MOJICKYJ, OT-
BOMIATUHXCS B C/MHHIY BPEMEHH C &[MHUUBI TUTOTAK) Onpese-
JIAETCA PA3HOCTLEO YTHX HOTOKOB B HEPABIOBECHBIX YCTOBHAX
(mpu L= P, jx=0). lloTox MOnekyJ, KOHJIENCHPYIONIMXCS HA
TOBEPXHOCTH T8EPAOTO Tena, paseH o P/(2nmk T2, m—wmac-
€a MOJIEKY.Ibl. XOpAKTEPHBIA IS KaXAOrO BELIECTBA IMIH-
pud. k030 2<1 yuuThiBaeT fo.n0 Mosekyn (1 —a), ynpyro
OTPAKAIOIIMXCH OT TOBCPXHOCTH. JITs MPOCTHIX BelecTs 06-
HAPYXEHO. YTO IHAYEHNA 0 - | CBAIAHB] OOBIMHO ¢ 3arPs3HE-
HHEM MOBePXHOCTH. AliajlorHuHo (TIpH 3ameHe P Ha P,) RpIpa-
KaeTcs  norox  cybammupylommxces  Monexyl.  IToaromy
n=0(Py- P)(2umkT)"?-—ypavuenue Mepua —Knya-
ecHa. Ilpu P< P, npepasupyer C., npy P> P,~—KOHJeH-
car@s. Mo ckopoctr C. MOXHO ONpe/ICAATE JaBACHHE HACHI-
WIEHHOI O TIMPd MAXO/CTY4UX BEUIECTB, TMAmp. TYromiaBKuX
META,I0B.

2 dipngeckan ORUNKIOUC U, 1. 3

Onpucanne C. cTaHOBUTCA Gosiee CIOXHBIM HDPH CHIBHOH
HEPABHOBECHOCTH HPOIECCOB OKOJIO TOBEPXHOCTH, HAND, MPH
JIERCTBUM MHTEHCHBHOTO JIA3CPHOTO H3TYYCHUS HA MOCJIOILAIO-
ee TBEPAOE TENO MIIH TipH OOTEKAHUM TeJla BBLICOKOCKOPOCT-
HBIM TA30BBIM TIOTOKOM. YHOC MAacChl KPHCTAJIMY. MM
aMOpdHLIX MaTepHasioB (abJIAIMS) HCIONIBIyeTCH J118 TeILI0-
BOM ULUKTEI KOCMHUY, aNnapaTos IPH Ux BXOAE B aTMOChepy.
JlasepHas a6NAUMA CIyXHT OJHHM M3 CNOCOBOB MO.TyueHHs
TOHKHMX TIIEHOK CJIOXHBLIX EOCMNEHHH M3 MACCHBHBIX 06pa3-
LOB, HATP. OKEWAHBIX BBICOKOTEMIIEPATYDPTILIX CBEPXIIPOBO;i-
HHKOB.

Jwm.: Ocaxgenne v Ta30Boi dassl, nep. ¢ anrn., M., 1970; ®oiib-
mep M., Knnernka o6pajosanpa KosoR padbl, niep. ¢ hem., M., 1986.

) l;’? I1. Crpunos,
CYBMUJ/LUIMMETPOBASl CHEKTPOCKOTIMSA -— pasgen
PAAHOCTICKTPOCKOMHY  CyOMMIHMETPOBOIO  JHANAJIOHA
(10" —10'* ') am.-marn. u3myveHns. CyGMHUIHMETPOBbI
JIMATIA30T JKCIEPUMEHTANBNO §0J16¢ TPYRHOMOCTYTIEN, YEM
rpaHudgaiuie ¢ uiM VK- 1 CBU-aranazoHs!, no3roMy BO3IHK-
HoseHHe C. c. OTHoCHTCS HIb Kk 1970—80-m TT., kora GuuH
CO3/aTbl  MOMOXPOMATHY. TEHEPATOPBI CYOMHIUTHMETPOBBIX
BOJH, pa3pabOT4HBI M OCBOSHBI HORBIC HIMEPHT. METO/bI,
annapatypa. CoBp. cyOMHILJTHMETPOBBIE CTIEKTPOMETPH Tic-
TIPEPLIBHO NEPEKPLIBAIOT BECh JHATIA30H M 0OCENEYHBAIOT MO~
JIy4EHHE ENEKTPAJBIBIX XAPAKTEPHCTHK TBEPAbIX, XH/KHX
M Ta3000pa3ubIX BEIUECTR C TOUNMOCTLIO, HC XYMIEH, ueM
B COCEIHHX JHANA30HAX.

Hau6. pacnpocrpanenst 2 Merona C. ¢.: 1) dypse-criekTpo-
CKONUSA, ABISIOLIAACA MPOJOJIKENNEM H PAIBHTHEM METOIOB
KJTACCHY. CEKTPOCKOTIMH, OCTIOBAHHOH Ha MCTIOIBIOBAHMM HE-
MOTIOXPOMATHY. TEMIOBOTO Hnyuenus (M. Pypve crexmpo-
ckonug, @ypoe-criekmpomemp), 2) MOHOXPOMATHY, CTEKTPO-
CKOMMS C TIPHMEHEHHEM MOHOXPOMATHY. FCHEPATOPOB, 0HJIa-
RAIONIMX IMUPOKOINANIA3OHHON TienpepbIBkoH TEpecTporHKoH
qaeToTel. HauGonbmmx ycHexoB JMOCTHINA pa3paboTaHHas
B Poccun monoxpomatny. C. ¢, OCHOBATHAS A HCTIONLIOBA-
HHU 3J1.-NEPECTPAMBAEMBIX TIO 4AETOTE TEHEPUTOPOR THUMA
aamn ofpamioii éo.mel (JIOB), nHorAa nasmiBaemas J1OB-
enexkTpoekomieit. . ¢. ¢ HPHMEHENHEM JIA3epOR PACcHpOCTpa-
HEHa 3MAYHTENBIO MENbIIE H3-33 Y3KOMOJOCHOCTH NIEPecTpoii-
KH NazepoB. ITo cpaBHEHHIO C ¢ypbe-ciekTpockonuei n cy6-
MHWLTHMETPOBOM aHaNasoHne IOB-cnekTpockonHa nMect 3na-
YUT. TPEHMYILECTBO 1O TAKHM OEH. TAPAMCTPaM, Kak
paspewatonias cnocobnocts p~10°—107 (p=v/&v, rae dv—
MUH. Pas’pellnMblii HHTCPBATT TIO 4aCTOTE) H AHHAMMY, JTHAMA-
30N D=P, e/ Pruwa~10°, THE Poare, Puwa—MAKC. H MHIL
MOIIMOETH PETHCTPHPYCMBIX CHTHAJIOB. JTO TO3BOTAET METO-
namMu JTOB-CIICKTPOCKOUHH YCTEUIHO NPOBOINTE HCCIICAOBA-
HUS, HATIP., YIKHX PEIOHAHCHBIX JTHHHH NOT1011eHUs ¢ 106poT-
nocTeio 10°, a Takxe HCCIeNOBATD BemecTsa B OONACTH pea-
KHX H3MEHeNHH WX CBOHETB (Hamp., MpK (a3joRbiX MEpPCXo-
Jax).

Npunuunuaneras exema JIOB-CNekTPOMeTpa BKIIIOYAET Te-
HepaTopHbtH 6710k (JTOB ¢ €00TBCTCTBYIOLIMM BEICOKOCTAOM-
JTU3MP. DJICKTPOHHBIM NMTATHEM), NPUéMHBIH G110k (Wamie Bee-
[0 ONTHKO-8KYCTHUCEKHE TIPHE; H HJTH OXIAX, KpH-
CTANNHY. NPHEMIHKH) M W3MCDHT. KBA3IHOMTHT. TPAKT, I/Ic
(opMHpyeTCs OATIOMONIOBAA WITH NIIOCKAN JTHHCHHO MONAPH30-
BaHHAA BO;IHA M OCYIIRCTBIACTCA €€ B3AHMOACHCTBHE ¢ HC-
crienyeMbiM 06pa3oM. B HIMCPUT. anmapaType HCTIONb3yIoT-
€5 ONHOMEDHBIE TIPOBOJIOYHBIE CCTKH, ANEPTYPA K-DhIX MHOIO
GONBLHIC JNTHTIBI BOJIHBL, 4 IEPHOMA PACTIONOKEHHSA 11POBOIOYCK
METILINE JUTHHBI BOJIHBI, @ TAKXE METATUTHIRP. TIENKH C 3afjaH-
HBIMH BCJTHYHHAMM MMNE/ANCoB,

CoBpeMeHHbIe BBICOKOABTOMATHIUP. JTOB-criekTpoMeTphl,
B K-pbiX KaK YNpaBlienue TPOLECCOM HIMEpeHHA, Tak u 00-
paboTKa NONYYEHNBIX IAHHBIX HIMEPEHHH OCYNICCTBIAIOTCH
IBM, A210T BO3MOXHOETH MOJY4aTh B peanbHOM Maclurabe
BPEMETIH AMIUTHTYANbIE, PA3OBLIE H TONAPHIALKOHHBIE CTIEKT-
PaTbHble XapaKTEPHCTHKH 3/1.-Marl. BOJIHBI 10 M nocne e
B3AHMOJCHCTBHSA C HCCNIELYEMBIM OGBEKTOM, B T. U, B YCIIOBH-
AX pa’dsl. BLEll. Bo3aeHcTBU#A (TeMII-pa, [aDJICHHE, TOCTOAHIIbIE
JJIEKTPHY. M MarH. TIOJH, A1.-MarTL W3AY4YEHHUE DAl HacToT).
Creu. MaTeM. NPOrpaMMbl TIO3BOJIAIOT TO DTHM JAHHBIM BHI-
YUCIISTh 32BUCHMOCTD OT YACTOTHI (hYHIAM. MAPAMCTPOB HC-

CYBMUNNUMETPOBAA
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CIE1YEMOrO  BCIECTBA  (HAND., KOMILICKCHDIX
W MarH, 1IPORALIAEMOCTEN).

Jlannbie, Toy4eHHbE MeTomaMH C. C., BecbMa BaXHbl JUTA
pellieHus pAaa 3a4a4 TEXHHKH, CBA3AHHBIX, HAMD., C H3YYeHHeM
0cOGeHHOCTEl PACTIPOCTPAHEHH A CYOMHILTUMETPOBOTO H3Y-
HeHHs B aTMOChepe M JIOKALHH, IS AHA/IH3a pHMECEH B OCO-
60 WYHCTBIX BEINECTBAX, ATA He{a3pylIaIOUero KOHTPOIS.
[p1HUMHHATILHOE 3HAYEHHE OHH NIPHBOPETAIOT B TEX CIIyYasXx,
KOTJIa XapaKTEPUCTHY. 4ACTOTHI H IHEPTHH HCCTIeIYEMbIX ARTIC-
HHil COOTBETCTBYIOT MMCHHO 3TOMY AHanazony (0.4—4 miB).
B dusuke TBEpAOTO Tena oro, wanp..— JAB-konebanus peiné-
TOK HOHHBIX M MOJIEKYJIAPHEIX KPHCTA (0B, H3rHOHLIE Koneba-
HHS JUTHHHBIX MOJRKYJ, B T. 4. IIOJIHMEPOR W GHOTIOIMMCPOB;
X4PAKTEPHCTHY. YaCTOTbI HPDHMECeH B AHINEKTPHKAX, B T. 4.
B JIa3¢PHBIX KPHUCTANTAX; B HOJNYHPOBOJHHKAX ITO— SHEPIHH
CBSi3¢H MPHMECHBIX KOMILIEKCOB, JKCHTOHOB, 3CCMUHOBCKHE
M HITAPKOBCKHE TEpCXOAbl BO30YXKAEHHBIX COCTOSIHMIA NMpume-
CEHl; MATKMC MOIbl B CETHETOINEKTPHKAX; MUrH. PCIOHAHCHI
(LMKJIOTPOHHBIA, 4HTH- U (PepPOMArHUTHBII); FHEPIMH IeTICH
B ceepxnpoBoaHukax. C. . yCNMelHO NPHMEHSOT JUIA Hee.le-
JIOPAHHMA CYNIEPHOHHBIX HPOBOJHHKOB H MarH. MOJIYNpPOBOA-
HukoB. IIpu HoMotu C. €. HO.lyueHb! HOBbIE JaHHBIC O MeXa-
TH3Max MOTJIOMIEHHA B KPHCTAIUTAX, MHHAMMKE KPHCTAJLIHY.
PeLETKH, HpUpoae (a30BLIX HEPCXOAOB B TBEPABIX Temax (B
YaCTHOCTH, B CBEPXNPOBOHHKAX), CETHETO/IEKTPHKAX, YOS~
[oYeHHbIX Mard. cucteMax. C.c. HPMMEHAETCHS B METOJAX
JMATHOCTHKH TUIA3Mbl, KOCMHY. Pa/IMOCTIEKTPOCKONHH; B XH-
MHH— JUIS M3YYEHHS CTPOEHHS MOJEKYJ, MEXalli3MOB XHM.
peakuwif, cHa Ban-mep-Baansca u T. 1. [TepcHEKTHRHO. Hc-
Honb30BaHHe C. C. B GHONOTHH IS H3YMEHHS CTPOCHHS CTOX-
HbIX OHOJI. CTPYKTYP, PE3OHAHCHOTO BIAHMOACHCTBHSA ¢ GHOII.
0bbekTamMu, OCOGCHHO HA YPORHE KHBOH KIETKH, 4 TAKXE /118
OHpEJIeNIeWHA PE3YNbTATOB BO3ACHCTRUSA CYGMMIIMMETPOBOIC
M3/TyueHHs Ha XuBOH opranusm B tienoM. Ocobo nano oT-
METUThL ucclteaoBaHus MeTodamMu C. C. BOBL KdK OCH. KOM-
ToHeHTa 61O, 06bekTOB.

Jum.: Wpucopa H. A., MeTpuxa CyOMMINMMETPOBBIX BOUIH.
«Becruuk AH CCCP», 1968, B. 10, c. 63; Jlamnsl oGpaTioli BonHbl
MHJLTHMETPOBOTO H CYOMHILTHMETPOBOTO AHaNazonos sos, M., 1985,
CYBMMWJLIMMETPOBBIE  BOJIHbI —5:1.-MaTH.  BOSHbL,
BAMMMAONME HA IIKaNe 31.-Mard. BOMH DPOMEKYTOMHOE
nonoxenue Mexay CBY- u UK-posHamu. Mx OcH. xapak-
TepHCTHKH: 4acToTa konebamuit v (M) 101! =10'% anuna
BOJIHBI 1073+ 107% sueprus qloToHa hv  (apr)
6,6-107'+6,6-10 "'*; oueprus eV (M3B) 0,44

B npHpoAHbIX ycnonunx C. B. MPAKTHYECKH HC CYLIECTBYIOT,
T. K. HHYTOKHO Manas /0N DHEPTHM CHEKTPA MH3TydeHHs
Conuia, HPHXO/AIIAACA HA ITOT [AHAMA3OH, HC JOCTHIaeT
TOBEPXHOCTH 3eMIIH H3-33 MOTJIOIICHHS ATM. TAP4MH BOAbI
H MOJIEKY.1aMH KHCIIOpOd.

B 1970—80-x IT. GbIM pa3paboTAHEI MOHOXPOMATHY. ICHE-
pavopm C. B.. NORYHPOBO/MHMKOBBIC YMHOXMUTENH HaCTOTHI,
namnbl o6paTHoit sosHbl (JIOB), opoTpolnsl, THPOTPOIL,
TBEPAOTENbHbLIE M ra3000padHbie a3ephl; 3TO CTHMY/IHPOBATIO
Pa3BHTHE TEXHHKH Wamcpenuit C. B, JIns H3Mepur. anuapaty-
pbl C. B. XapaKTCpHa YHMKATbHAS BOIMOXKHOCTL TIPHMEHCHHS
3MIEMEHTOB, HMEIOLIHX TEOM. PA3MCPhl OPAKA ANHHBL BOHBI,
a TAKXe MIIOTO GONblIe H MHOTO MEHbILE JUTHHbL BOJIHBL.

C. B. WIHPOKO HCIOMB3YIOTCS B (YHAAM. M MPHKIATHBIX
HCCIIE/I0BAHMAX qmzuxdmu M XHMHKAMH, 3HAYMTEIbHBI YEUSXH
CyEMuumAemp ¢ ipockonuu. C. B. YCTICLIHO HPHMCHS-
FOTCA TAKXKE B TIPAKTHY. MCAHIIHHE.

Ocobuiit uutepec suiseiBawoT C. B OHONOTOD; KakK OT-
Me¥anoch Bble, Tennopoe usnmyucHue Comuuem C. B, mpak-
THYECKH He JIOCTHTACT f1IOBEPXHOCTH 3eMIIH, BCIICACTBHC HEro
KHBbIE ODIAHH3Mbl B MPOLECCC CROCH DBOMIOIMH IS MOLIH
TIPHCHOCOGMTBCA K €ro BO3ACHCTBHIO, H JXCICPHM. M3YHcHHE
BiMAHHA C. B. Ha XHBble OPTAHH3IMBI, OCOGEHHO HA YCIOBEKd,
umeeT pynnaM. 3Havenue JUis Hayk. B okosornu C. B. pume-
HSAOTCA [ TIPOTHOSUPOBAHHS COCTOAIIHA O30HOBOIO COS
3eMiH (METON J0KaluMW B BepX. ciosx atmocdepsl). s
HPAKTHY. METCOPOJIOTHH BONbILIOE 3HAYEHHE HMEIOT TIPOBO/IH-
MBbIE ¢ KOCMHY. 0OBekTOB Ha C. H. OTPE/IC;ICHHS KOHUCH T PULHH
BOJIAHOTO TApPa.

JTum. cM. TIpH CT. Pacnpocmpaieniue paduosoin.

JHDICKTPHY.

CVJIA —HAKAMYPBI B3AUMOAEACTBHUE — xocsensoe
obMennoe s3dumodeiicmeue MEX/1Y H/IEPHBIMH CNIMHAMM B Mar-
HHTOYNOPA/IOYEHHBIX MarHETHKAX, OCYILECTRIAEMOE ueped
CIHHBl IEKTPOHOB HE3ATNOJHEHHBIX BHYTp. OGOJ’IO‘{CK MArH.
aToMOB (HOHOB). A @leppostazienuxos ObIO BIEPBLIC pac-
cvotpeHo  X. Cymom  [I], ans  awmugepposacrernuxos —
A. Hakamypoit [2]. Mexauusm takoro s3auMoneficTsus odye-
JIOBJIEH TEM, YTO B PE3YJILTATE €8P XHIONKO0 Baausodelicmaust
HﬂCprln CIHH BBI3LIBAET HO.TAPHIALIHEO nOHCpC‘lHOﬁ KOMIIO-
HEHTBI CYMMApPHOTO CHHHA HE3WMNOJTHEHHOH BHYTD. 3JIEKTPOH-
HOM 06oNIOMKH aToMa S, K-pyr MOCPEICTBOM CBEPXTOHKOTO
B3AHMOJEHCTRHS «MYBCTBYET» APYrOH sacpHbii cruH. [IpH
HU3KHX TemH-pax C.—H. B. MOXHO paccMaTpHBAThL kak 00-
MCEH (nulo8blMit 804HAMU MEXIY S/APAMH DA3i1. aTOMOB (HC-
HyCKanuc ')J'lCl(TpOHHOﬁ CITIHHOBO BOSIHBI OAHHM SOpOM H eé
HOTJIOMHIEHHE APYTHM H}IPDM) TAMHIILTOHHAH KOCBEHHOTO C —
. B m'm BCPPOMATHETHKOB MOXET ObITL 34HHCAH B BHIAE
13,4

Hs 2Usds 14, 1)
ks

explik (R, —R,)]
; hayg

—HapaMeTp KOCBCHHOTO B3AWMOICHCTBHA, 34BMCAILHH OT
paccTosius R, — R, mexay sacpurmn crinbamu I w1 by —
JHEPIHS CIIHHOBOH BOJIHBl ¢ KBA3HMMIIYJIbcoM Kk N—4ucio
ATOMOB; A -—HOCTOSHHAA CBEPXTOHKOTO B34MMOACHCTBUS;
1} =05+il’}, rae I w I} —nonepeuHble KOMIOHEHTHL A1EPHO-
ro cnuea. Hapsany ¢ BaaMMogedcTBHem (1) B MarHeTHKAx
HMECTCA M B3AHMOJICHCTBHC MCKAY HPOO IbIIBIMH KOMIOHCH-
TAMH SJIEPHLIX CIHHOB 5. O/IHAKO HDH TeMn-pax, He OY¢Hb
GaM3kux K Temn-pe Pu3oBoro nepexofia (temn-pe Kiopn ans
(beppomariueTHkoB M Temn-pe Heens mis anTudeppomarue-
THKOB), TAKOE B3aHMOJIEHCTBHE CYIIECTBEHHO Ciabee B3aHMO-
achcraus (1). C—H. B. (1) 3aBHCHT OT HaHPABJICHHA OCH
= (ocH (pCppo- MIH AHTH(EPPOMATHETHIMA) M, CIIEAOBATEIL-
110, aHU3IOTPOHHO. ITa OCODEUNOCTE OTIHYAET Cro OT M30-
TPOMHOIO KOCBCHHOTO OBMCHHOIO BIAHMOICHCTBHS MMy
#/ICPHBIMH  CHHHAMM, OCYILECTBIIACMOTO  MCPe3  D.IEKTPOHbBI
nporoaMMocTH (nogobno PKKH-ofuennomy e3aumodeiicm-
swo). T. k. p3anmoaehcTane (1) obnamaer 4ocTaTOUHO GoOfb-
HIHM paguycoM [3], To 6arogaps eMy nosBIAcTCs KOppens-
UHS R /(RHKCHUH A/ICPHBIX CIIHHOB K MOXKET NIOABHTLCR YHOPS-
JIOMEHHMC SJICPHBIX CMHHOB, T.'H. AJEPHbI¢ CUHHOBHIE
BOJIHBI.

C.—H. B. pa€rt pKNajl B LUMPHHY JIHHHH H40€PI0c0 MAZHUM-
noeo pezonanca (IMP) M BiMsieT HA TIONEPETHYIO PEIAKCALIHIO
€MCTEMBI AACPHBIX CIMHOB (cM. Peaaxcayus macnumuan).
B Teopuu AMP pianMoncicTBHC MeXAYy AACPHBIMH CHUHHAMH
MOWHO YYECTh, BOCIOJIB3OBUBIIMCE METONOM MOMeHTOB [S5].
Vuér p3aumoseiicTus (I) HDHBO/IHT K OTIMYHOMY OT HYJIs
BTOPOMY MOMEHTY MK AIMP w15 deppo- 1 anTHbeppomar-
HETHKOB H JAa€T BKa/ B LIHpHHY THHUH AMP. I[Tpu gocratou-
HO GO.TbINONA KOHLCHIDAIHH MATHHTOAKTHBHBIX NAEP 3TOT
MEXaHW3M YLIHPEHUS MOXCT GbITh OCHOBHBIM.

Koppeasituss B JIBAXEHHH A/ACPHBIX CHHHOB TPHBOIMT
K c/BHry ¥actorbl SIMP, upouopudoHansnomy ep. sgepHOH
HAMATHUYEHTIOCTH, BeslMMHHA 9T0r0 CABMIA PAcTET ¢ NOHMKe-
HUeM TeMN-pt Kak T,,', (1€ T,y — TCMII-Pd CHCTEMbI AAEPHBIX
cnnnos [6).

JkenepuM. HabIIHOACHME AACPHBIX CIHHOBBIX BOJIH BIICPBbIE
ObLIO POBEACHO 151 CTABOAHN3OTPONHOIO KyGHY. anTudep-
pomaruetHka RbMnk; [7]. Habnronancs rakxe H o0paTHblit
3BhEKT CABHIA HACTOTHI J4CKIMNY 0 napama’h peso-
nanca (ITP), 0bycopaeHIBIH IPONOPUHOHAIBLHBIM CpP. SA€DP-
HOH HAMATIMYCHHOCTH H(POEKTHBHBIM noneM, ASHCTRY MM
112 2TEKTPOHHBIC CIIMHBI €O CTOPOHBI AACpubIX [8]. Ykasauusie
IH3KOTEMHCPATYPHbIEC CABHIH YACTOT OCOBCHHO CYLUECTREHHbI
B AlITH(EPPOMAT IICTHKAX € AIM30TPONIHEH THHA «IEIKAs TLIOC-
kocre» (MnCO,, CrMnFy), a taxke o kybuy. ciraboaHuso-
‘Tponbix aniudeppoMarnernkax (RbMnF,;, KMnF;). B unx
npu Temn-pax BOH3H 1 K nabnoaacres ouens CHibHas CBA3b




k0neGaHHE SIEPHBIX H JNCKTPOHHBIX CIIMHOB, 4TO NPUBOJHMT
K HCOOXO/IHMOCTH PACCMATPHBATL €HMHBIE KOJNEOAHHS INCK-
TPOUHO-AICPHOH CHCTEMN| B LEI0M. YH4ET TakHX KoneOaHHH
TO3BOISET OOBACHHTDL DA HENMHCHHBIX >(QdekTon, BOIMHKA-
owmHx 8 AIMP 1 DITP (8],

Jlum.> 1) Suhl H., Effective nuclear spin interactions in lerromag-
nets, «Phys. Revy, 1958 v. 109, Ne 2, p. 606; 2) Nakamura A,
Indirect coupling ol nucléar spins in anufeiromagnet with p,(rm.ular
reference to MnF; al very low temperawre, «Progr. Theor. Phys.»,
1958, v. 26, No 2, p. 542; 3) Typos E. A, IleTpos M. IT., Suepnerit
MATHHTHBIH PEIOHAHC B Geppo- H dmmpgppu'vumemmx M.. 1969;
4) Kypknn M. M., Typos E. A, P B MarHuTO-ynops:104eHBbIX
BeLICCTBAX B €ro npumenenns. M., 1990, 5) Van Vieck J. H., The
dipolar broadening of magnetic resonance lines in crystals, «Phys.
Rev.n, 1948, v. 74, Ne 8, p. 1168; 6) Gennes P. G. [a. 0.], Nuclear
magnetic resonance modes in magnetic material. 1. Theory., «Phys.
Rev.s, 1963, v. 129, N 3, p. 1105; 7) Hinderks L. W, Ri-
chards P. M., Excitation of nuclear and electronic spin waves in
RbMnkF,, «J. Appl. Phys.», 1968, v. 39, Ne 2, p. 824; 8) Heeger A. ).
[a. 0.], Double resonance and nuulear u)u]ing in antiferromagnetic,
«Phys. Rev. Lett», 1961, v. 7, Ne 8, p

3 Be()qes 0. A. Komevhuxosa.
CYMM TIPABUJTA —cm. ﬂpueu.w cym.

CYMMOBOM TOH — koMGBHHAIL TOW € HacTOTOd o, + g,
BO3HHKAIOMIHH B HEJIMHCHTON aKyCTHY. CMCTCME HPH BO3JCH-
CTBHH Ha HEE 19X 3BYKOBBIX KOJI1e0AHMH € YaCTOTAMH () H 0.
CYNEPTETEPQIWH — panuonpuémuoe  ycTpoiicreo, B
K-POM TIPHMEHACTCA NPCoOpa3oBaHue HACTOTHI IIPHHUMAEMO-
ro curvaza (f.) B GUKCHpOBaHHYIO NPOMEKYTOHIYIO HacTOTY
{fup) TyTéM CMERIMDAHMA ¢ HACTOTOH BCIOMOTAT. FeHepaTOpa
rapMoHny. KoneGaHmii (reTepoansa) f: .—/fc. Kpome
BXOAHOro KOHTypa Gnok-cxema C. wnep)l(m YCHIIHTE1b BbI-
cokoll yactoThl (YBU); carecume.,, npeobpasyroniuit 4actoTy
CUI'HANA B IIPOMEXYTOMHYIO HACTOTY fao; [CTCPOJIMH; YCHIIH-
TCiIb IPOMCKYTOMHOM YacToThl (Y IIU); AcTekTOp; YCHIHTCIB
HU3KOR HactoTsl (YHUY); okoHeunoe ycrpoiictso (OY). [Ipu
HacTpo#ke C. ¢ MOMOLIBKY 6:10KA KOHACHCATOPOB TIEPeMEHHOH
EMKOCTH BXOAHOM KOHTYp W ¥YBY IldCTdeBdl—OTCﬂ Ha 4aCTOTY
Jfe» @ TETEPOAHH — HA HACTOTY f; =/ —up. OCH. ycHIEHUE CHI-
na1a B C. DPOHCXOOHT Ha NPOMEXyTOUHOH wacTote. M3bupa-
TenbliocTs C. onpeaesctes W3GuparenbhocTeo YU 1 Mo-
HCT ObITh CAeldHd JOCTATOYHO BhicokoH. HemocTatkom C.
ABJIACTCA HYBCTRHTCIBUOCTD K CHIHA Y HA 1€pKaJIbHOH 4acTo-
T¢ fo—2fup K-pasm 0CIAbNAETCA 3a CHET M30MPATEILHOCTH
BXOjlHOTO KOHTYpa # YBY. C. npuMeHsCTCA B LUIHPOKOM
JIHAHA30HE YACTOT OT PA/MO O CRETOBBIX (¢M. Hdemexmuposa-
sue cgema ). Npunnun C. Henone3yercs TaKke B AHATH3aTOPAX
CMEKTPA € Pa3BEPTKOH YaCTOTHI.

JTn.: Panuonpuemusie yerpoictsa, non pea. B. M. Cudoposa, M.,
1974; Xoposuu I1, Xunn VY., HckycCTBO C(XCMOTEXHMKH. Mep.
¢ anrm., 3 3, T 1—2, M., 1986. FO. C. Koncmanmunos.
CYIEPTPABUTALIMS — cynepcumMMeTpH3oBaHHas  TeOpHS
TATOTEHHA, T. ¢. TEOPHN TArotenns DHHIITeHHA JAns Takoi
CHCTEMBI MATEPHANIBHBIX TIOIEH, /I K-POH WMEET MecTo WH-
BAPMAHTHOCTL  OTHOCHTENbIO  Mpeofpa3opaHuil  npocTod
(N=1) unu pacinnpennoi (V> 1) cynepcusimempuu. B coot-
BETETBHH C HHCIOM N MaHODaHOBCKHX CNMVIODHBIX TEHEPATO-
poB C. Ha3bIBulOT MpoctoR (N=1) HIH pacimHpenHOd
(N>1). B 3ToM cMbiciie OOBIMHAS TEOPHS TArOTEHHS €CTh
N=0 C. Heprsie pabotsr no C. pemommentt B 1976—77
[1—3]. Cnenyer OTMeTuTh, YTO PACIUHPCHKC TEOPHM TPABH-
Talluy, 06anaIomee COHTAHHO HAPYINEHHOH CYNePCHMMET-
pue#, obeyxaanoch emé paHblie [4].

Hnrepec x C. OOBACHAETCA MPCXKAC BCETO TCM, YTO B ef
PaMEKax BOIMHKAIOT HOBbIE BO3MOKHOCTH OOBE/IHHENHA byH-
J4M. HACTHIL B CPHEpMyabmuniemsl W OOBEAMHEHHA BCEX
B3AMMO/ICHCTBHH, BKJIFOHAA FPABHTANMOHHOC (Takoe oObeaH-
HEHHe ObITTI0 HERO3MOXHBLIM B PaMKaX CHMMCTpHMH, Te co-
JAepXallHX €MWHOPHBLIX renepaTopos). Kpome Toro, B Teo-
pusix C. Habmo/IaeTCA 3HAYHT. COKPANICHHE YMCHA KBANTO-
BbIX  vabmpadiuoemossix  pacxodumocmell TO CPABHCHHIO
¢ TeopueH TAroTEHMS, XOTA OHH BCE KC OCTAKOTCH, TO-BH-
AHMOMY, HefiepenopMunyeMpiMi. TloynapHbie B H3HKE Bbi-
COKHX 3HEPIHH CYHEPCHMMETDHYHBIC (PEMOMCHOTOMHY. MO-
genu copepkat C. B KAaucCTBE BAXHOIO MHIPEJHEHTA, HO-
MOTAIOLIETO, B HACTHOCTH, OCYICCTBIAThL CHOHTAHHOE Ha-

\
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pyllieHHe cynepcumMmeTpHH. Hakowew, Teopus C. obnana-

eT BHYTp. KpacoToM H TECHO CBS3aHA C TeopucH cynep-
CmpyN. ~
Teopun C. nocssimieHbl GonbwHe 0030psl (Hanp., [5—7])

¥ MoHOrpaduH (manp., [8,.9]).

IpaBATALHOHNKIE CYNEPMYALTHILIETRI. [IepeHoe K 110 TH-
roTenust B C. BXOAMT B ONMH CYNEPMYNbTHUILIET CO CBOMMH
cynepnapTHEPAMN. . B MpocTol CyliepCuMMETpHH TPaBHTAaL.
cynepMynLTun:leT COCTOHT H3 2pasumoHd, ONMCHIBAEMOT O TeT-
panoit ¢f(x) (companbHocTs A=12), U OmHOro zpasummo,
OTHUCBIBACMOro N0J1EM Papuru—].llnuurepa ik (x) (cimpane-
wocre A=13/2), rne ¢=0, 1, 2, 3 u a=1, 2-—DpekTOpHMI
W CIHHODMBIH HHIEKCH 4-MEPHOI0 K4CATETRHOTO NMPOCTPAH-
CTBA—TJIOCKOrO MPOCTPAHCTBA € TOH XK€ MCTPHKOH, HTO
W B Touke kacamms: n*’=diag(0, 1, 2, 3), u=0, 1, 2, 3—
MHPOBOI HHICKC, & TETPARA &, CRA3AHA C MEMPULEIKIUM MEH-
30pOM g, COOTHOLIETIHEM g, =chein® (Mo coBnamatomum
HH/CKCAM IPEANONAracTCs CyMMHPOBAHHE).

B pacinupennoii C. rpaBuTall. CyNepMYILTHHIET COACPKUT
HapAJy ¢ TPABHTOHOM COOTBETCTBYIOMIICE HUCHO TOJEH ¢ HH3-
WIMMH CIIHPATBHOETSMA. 10 rpabuTuro (A= +3/2), BekTop-
abie (A= + 1), cnhnopHbie (A= + 1/2) u ckanspHbIc (}» 0) mona.
Hnmcetes Tonbko 8 pacimmperusix C., T. k. pu N>8 umcio
«rPABHTOHOBY MPEBBICHNO Obl EAHHHIY W TIOSBAIIHCE OLi noNIs
¢ A>2. [Moc.1e10BaT. OLMCANHS TAKHX TONied 1OKa HEY, U T0-
ITOMY CIOKH.I0CHL yOexaenue, uTo N=8 C. fBIAETCH Mak-
cUMaTIbHOM.

Meiicteue 108 upocroli C. umeeT Bua

1 1 -
='[d‘x{—ﬁek—is""’wumu;_wp} W

TMepeelit wien Opeacrasifger coboil obwIMIOE aeAcTBHE FHiH-
uiTeiina — TunbOepTa JUTA TEOPHH TATOTEHHSA, X — FPABHTAIM-
OHHaA KOHCTdHTa (Hbl’OTOHOBd TFpaBHTAIHOHHAA TIOCTOAHHAA
paBna x?/4m), R-—cxansipHas KPHBM3HA, €— JICTEPMHUHANT
TeTpajkl (37€Ch 4cpTa HAJL W — IMPAKOBCKOE COMPSKCIIHE).
Bropo# HJICH — PUpHTA- LUBHIIEPOBEKHH JIATPAHXHAH I8
FPQBHTHIIO B]dHMOLlEHCTBleLLlCTO C 110JIEM THIOl’LHHﬂ BO}-
HHKdK)l].lHM B pE3yJIbTAaTE 3aMEHBI HPOM!BOIIHOH I8 A ,'1 \ Ha
KOBAPHAHTHYIO MPOH3BOAHYIO D, BRIIOYAKOLIY IO HYKHYIO JIO-
peHieBy cessuocms {51, Ys. Y,— Aupaxa samipugsi, £ —
Jleau-Yugumor cumeo..

Hunapnanthocty selicTann. JIOKanbHasA CymepcHMMeTpHA.
Hc#icTBre (1) HHBADHAKTHO HE TOIBKO OTHOCHTEIBHO TPYNTILL
0B1IMX KOOPAHBATHLIX NPCoDpa30OBAHMH

XH = xR AR (x),

2)

Y b= )+ =

[A¥(x)~—HHPHHHTEIHMANBHBIE BEKTOPHEIH NApAMETD, NPOH3-
BOJIbHAA (-LHS HPOCTPAHCTBEHHO-BPEMEHHON TOUKHM X | u JIo-
KaNbHOl TpyHHBI JIOpEHNA, NCHCTBYIOIICH HAa MHACKC ¢ y TET-
paaB! H CIMHOPHBIH MNJEKC y CIHH-BEKTOPHOro noss yri(x),
0 H OTHOCHTEABIO NPeobpa30oBaHii (8 HHPHBUTEINMAILHOK
dopme)

(3a)

8 (x)=F e (x) ¥ ().

W, (x):);DpE(x) (36)
CO CHUHOPHBIMH NAPAMETPAMH &, (x). Ecrm &, () He 3aBHcAT OT
KOOp/IMIIAT, eu(.r)=e,. T0 (3) cBOAATCH K npeoépazoaauuﬂM
CYNICPCHUMMETPHH AN TPABHTAL. MYJIbTHILIETA. B cyvae na-
paMeTpoB c,,(l;), 34BUCAINNX OT X, HpeoOpa3oBanua (3) sBiis-
OTCA JIOKANH30BAHHBIMH HPEOGPHBOBHHHHMH CyNEpPCHMMET~
pun. Iloaromy o C. 4aCTO rOBOPAT XaK O JOKAJbLHOMH
CymepeHMMETPH K. AHAJIONHYHO JIOKAIM3anHs Npeobpaso-
BaHHH BHICIIMX CYNEPCMMMETPHI JIEXKHT B OCIIOBE PACUIHPEH-
HbIX

CYHEPFPABMTAHMH
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OTMeTHM, 4TO B C.1yM4€ NOJEH FPABHTOHA H rPABHTHHO BHE
MaccoBOH HOBEPXHOETH (HE MOAMHMHAIOIUXCH YP-HHSM JBHXE-
HHsT) npeo6pazosanus (3) He obpasyioT rpyiHy. KoMMyTaTop
JIBYX TaKWX NpeoBpa3oBaHuil B TPUMCHEHHH K IPABHTHHO 1aéT
¢ TOJIBKO SIOKATH30BAHHbIE NPEORPasoBaHns rpynnsl Iyan-
kape, rpyunbl JIopenna H CynepCHMMETPHH, HO TAKXE H JIHIL-
HHE 4i1eHb), HPOMOPLHOHATLHBIE YP-HUAM ABHXEHUA OIS IPa-
BHTMHO M COOTBETCTBCHHO OOpAILIAOM{HECS B HOJIh HPH
CODNIONEHHH 3THX yp-HAH. DTO 03Ha4ael, 4TO BHA Hpeob-
pasoBanni (3) 6y1:|c1 MOARGPHLHPOBATECS HPH  BKIIIOYECHHH
B3aHMOJCHCTBUH C MATEPHASILH, HIH-KQAUOP MU no-
AsAmY H OyJET 3aBHCCTL OT JTHX B3AHMOICHCTBHIA.

Benomoratenbhnie noas. Ytobel JoSHTHCH 3aMBIKaWHS dJl-
TCOph JOKAIBHBIX CYNEPCHMMETPHI M 4TOORI €€ mpcobpa-
30BAHUA HMEJIH YHHBEPCAJIbHBIA BHJ; HC 3aBHCALIHH OT KOH-
KPeTHOW MOMLIIM, CNEAYCT BBECTH T. H. BCIOMOTATENb-
upie mona [5, 10]. Takue mors ma MaccoBol MOBEPXHOCTH
BBLIPAXKAFOTCA C HOMOIIBIO YP-HHH ABWKENHA Ycpe3 PH3. HOIA
HJH paBHBl Hymo. Heob6xomaumocth BO BCoMoraT. MNOMsX
BlE MACCOBOH HOBCDXHOCTH JHKTYeTCS TAKXKC COMOCTaBIIe-
HUCM ducel (epMHOHHBIX M (O30HMBIX CTeneHed CBOGOABI
M2 CcyncpcHMMETPHK CIGAYET, 410 JTH HMCHA AOMKHBI CO-
Bragath. Ha MacCOBOM MOBEPXHOCTH WMEIOTCH JiBe HO3OHITBIC
(h=12 y rpaBurona) u JABC (epmuonHblc (A= 13/2 y rpa-
aunmo) cTenedH cpobosbl. BHe MaccoBoil HOBEPXHOCTH TET-
papa ej HMecT 6 cremeneli cpoboam. [leHcTBuTENbHO, €&
4% 4=16 KOMIIOHEHT NO/IBEPXKEHbI npcoﬁpdaonanuﬂw obie-
KOOPAHHATHOM rpymesl (2), yerpaustowcit 4 crenenu cBodoass,
M JIOKaImbHOH rpymmsl JlopcHua, yeTpassiouic# 6 creHenei
cBoboanl. B To ke speMs M3 4x4=16 xoMuOHEHT Y} (x)
JIOK4TIbHAA CYTICPCHMMeTpUSt [4 d-uuu &, (X)] ocTasiseT -
dekTHBHBIMM 16—4=12 cTencHeid cBoboam. T. 0., AIA HO-
CNCAOBAT. OMHCAMHS BHE MACCOROM TMOBEPXHOCTH CJICAYET
106aBHTh, 110 KpaiHeH sMcpe, HO30HHBIE HOIA ¢ G CTENeHs-
Mt croGoL. Muu. HaBop BeNOMOraT. MOJCH COCTOMT H3
4-BEKTOPHOIO HOIS A, (X), CKAJIAPHOIO Mo § (x) M Hce-
BIOCKAIApHOTO nonst P (x). Ilpu stoM B marpamkuan (1)
HEOOXOAHMO A00ABUTH 4iien

—1e [+ P - 4,00 4 ().

H3 Cro BUAA CIENIYET, YTO HA MAccoBOi TIOBEPXIOCTH B OTCYT-
CTBHE MaTEPNAJIbIIbIX nO}Teﬁ BCIIOMOraT. IoJisg OGan.lalOTCH
B HyJb. I1peobpa3oBannc NOKAaJLHOR CYNEPCHMMETPHH 11i
TcTpans (3a) Iic MOAMGHUIPYETCA, a 478 NONA rpaBuTHIO (36)
an(\Gpe'rae'r AONONHWUT. MACHBI CO BCTIOMOTAT. TOJIAMHL

8, (x)

%
IZ'A,.Y::)E(XH

FulS () —iys P()—i 4, ()77 s)E(x).

CaM# BCIIOMOTAT. LO/I8 MPEODPA3YIOTCS Hepe3 BEIHYHHBI, UC-
YE€3aI0UHEe HA YP-HHAX ABHXCHMS, namnp.

53(*)** e E (x) y,uvs 7o Do, ()
TpaBas 4acTh MPEICTABIIAECT coboit YP-HHE JBHXCHHS TS
rpaBHTHIO, cregytomee H3 (1), B pesynbTate HOdyHaroTCS
fpeodpa3oBAHUA CYNIEPCHMMETPHI (cm. [5]). k-pule yxe 06-
PA3YIOT l'pyﬂl]y U COXpPAHAOT CBOH BH,( IPH BKJIFOYCI{HH B3a-
HMOJEHCTBHI € MaTepHalbHBIMH monsMi. B cnyusae C. Bes
B3aHMO/ICHCTBHS C MAaTEPHATBHBIMHU NOASMH 3TH Tpeodpaso-
BaHsa CBOAATCH HA MAcCOBOH NoBepxmocTH K (3).
Cynepnpoctpanetso. Ilpeobpa3opanus JOKalbHOH cymep-
CUMMETPHH (3) M rpynma oOIIEKOOPAMHATHBIX Npeobpa3ona-
HHH TIPOCTPAHCTBA-BPeMeHH (2) JIOJIKHEI OOBCUHATLCH B CYy-
neprpynny oSIIeKOOPAMHATHEIX TIpeolpazoBanuit cynepnpo-
cmparcmea ¥ B OTHX paMmKaXx AOHYCKarT Haub. aACKBATHYIO
H KPACHBYIO HHTEpNpETaIHIO. [If MpocTol CynepcHMMETPHI
H3BCECTHBI BELICCTREHHOE CYNEPITPOCTPAHCTBO

Pk 07T ]1)

CO/IEPXKALIME HAPSY ¢ BEKTOPHOH KOOPAHHATOH x* QOMOHHT,
CMHHOPHBIC KOOPAMHATH 07, 8% (a, &=1, 2), o6benHHACMbIE

o o o 2}
B BEILICCTBEHHBIH MallopaHOBCKH# ciuop 8= g ). # xupaL-
HOE€ CYHEPHPOCTPAHCTBO
C4%={z}={x} 01},
K-PO€ ABNACTCH KOMIIEKCHBIM M €T0 €IHHOPHBIE KOOPAHHATHI
ofpasyoT ABYXKOMIOHEHTHBI (eBbIl, L), BelneBckui cnu-
HOD (cM. Beiras ypasnenue), B o1e )TCTBHC TPAaBHTALIHH BEILECT-
BEHHOE CYNeplpOoCTPAHCTBO ’R €CTh THIECPIIOBEPXHOCTH
B KOMILIEKCHOM cyneprpocTpancTse €*'2, onpeaenscmas yp-
HHUAMH
xi=x*+i080"B, 81=0" (03)=0%
34cch 4epTa 03HAYACT KOMIJICKCHOE COHPAKEHHE, at=(l, ),
& — Tayau mampuysr. Tpyuno#t npocroii C. ApASeTcs rpynma
oBnmx npecobpa’oBaHHE KOOPAHIAT KHPAIhbHOIO CYNepnpocT-
patctpa €2 [[1]
X=X AR (x0,0,), 01 =0F 4" (x4, 0,), [C)

OTPAHHYCHHBIX YCTOBHMCM, 4TO HX CynepieTepMHIAT (Oepe3u-
HUMAH) PABEH CAMHHLE:

élxL.
x,.82)
T. €. yCJIOBHEM COXpaHeHua cynepobéma C*2. Nnduuutesu-
MaJIbHO OHO MMCET BHA

an
axt

1, (&)}

Ber

ar*

~ o )

Ofmne HpeobpazoBaHus KOOPAMHAT X} JAlOTCS TMEPBLIM 4C-
HOM Paa/loXcHHA To 8, cyHeprapamerpa A*(xy, 0;), 10Kab-
Has CYMEPCHMMETPHS — NEPBbIM WICHOM pA3NIOKENHA Cynep-
napamerpa A*(xy, 0, ); 10kabHbIM npeofpasopannsm JIopeH-
1[a OTBEYAET MUHEHHBIA no O «4neH 3TOro pazoKeHHS.
OcTanbHble uicHbl pa3yioxenHii A* B L™ mubo cooTBeTCTRYIOT
JIOKaNbHOK KoHpOPMHOH cynepecnmmerpan [7, 11] u obpatua-
I0TCA B HYNIb B CHJY yciopusi (5'), mibo ONMUCHIBAIOT YHCTO
kanubpoBouHkie cTenenu croboabI.

TpaBHTRUHONHOE RKCHATLHOE CYNEpHosie ONPEACIAETCS ClIEeH.
reoM. obpazom [11]. B kommiekcHOM cynepnpochchTBe
C*!2 BBOAMTCA BELIECTBENTAs IHIIEPNIOBEPXHOCTH R*14

R44={x*=Rexl. 0°=0%, 8°=(0%)).

a MHHMAaf 9aCTb BEKTOPHOH KOOPIMHATBI OTOXACCTBIISETCS
¢ AKCHAIBIBIM I'PABUTALl. CYNMEPTIONEM,

H*(x,0,6)=Im x}.

Tpymua o6uux npeoﬁpdwnam—m KOOpAMHAT (4) HHAYuMpyeT
Ha HEM K(UIHGPOBO"IHBIC npeoopdmmﬂun BO3MO)I(H8. 4acTHY-
Haf bukcanns ka.1GpoBku, mpH k-poit B H* (x, 8, 8) ocTarotea
TOJIBKO (PH3. H BCHOMOTAT. HOIA MHH. Habopa, obcyxaéuHoro
Bolllle HA A3BIKE KOMHOHENTHEIX HOJEH:

H* (x,G‘é)—:Gc"ée‘,}(x)+666“Wﬁ(,x)+00§’\1¢‘;(x)+
+000% L Sttir ))+650"{%(S(x)~iP(.x))+

+0080.4"(x).

flocne Takoil ¢uxcannn kagMOpOBKM ocTa€Tes KanubpoBou-
Has cBOBOAY, COOTBETCTBYIOLIAS OOtUMM Tpeobpasosd HHAM
KOOPJIHHAT B X-NPOCTPAINICTBE, JIOKATIbHOH CYNEPCHMMETPHH
1 nokasnbHo# rpymme Jlopenna.

Cyneprensopnt. JInsi ONMCAHHUA TEOMETPUH MCKPHBIGHHOTO
eynepnpoctpancTsa R*1* HyxHbI TeH30PHBIE (T. €. HE 3aBUCH-
He oT Bbl60pa CHCTEMBI KOOpPAHHAT HIH KaﬂHGpOﬂKH)
06BekTsl. KoBapHAHTHbIE IPOH3BORHBIE B CYNEPNPOCTpANCTRE
OUPE/IENAIOTCA YEPE3 T H. CYHEPPENEphl EY (obobiehus
TETPall) M CBA3HOCTH @ 5°, AHATOIHYHMO TOMY, KaK 3TO AeNaeTcs
B 06bl‘lHOM npOprdHCTBe
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tae A~ nubo BeKTOPHBIA, TGO CIMIOPHBIN HHIAEKC IPyHIb!
Jlopenua B kacaT. npocTpaHcTBe, L yc— €€ reHepatopsl. KoM-
MYTAaTOp ABYX TaKHX MPOH3BOAHBIX (ZHTHKOMMYTATOp, €CJIH
00¢ CHOHHOpHBIE) CONEPXKHT TEH30PHl  KPYYCHHs G
u kpHBH3HE RS} (cM. Kpusuanw menzop)
[D4,Dy)= TS De

Yrobu goBecTH BosHHKatowme H3 TGy, RSD (mpu pasnoke-
HHH 110 0, §) MHOrOYUCICHHBIC TEHIOPHBIE BEJIHYHIILI 10 HYX-
HOTO H COOTBETCTBYIOWIETO (M3, MONAM HEGOBILOTO YHCa,
Ha 3TH TeH3opbl mafarawpT ¢Ba3u [3, 5] [locne sroro Bee
TEI30Pbl KPYYCHHS M KPHBH3HBI BRIPAKAIOTCH YEpPe3 HeGOIb-
1WOE YHCIIO HE3aBHCHMBIX BCJMYAH: KMpaiblioe cynepmone R,
D; R=0, semecTsennoe BeKTOPHOE cynepnojie G¥, kHpaabHOoe
cynepnosnie W.g, H HX KORApHAHTHLIC HPOH3BOAHBIE. CyinecT-
BEHHO, YTO MOXHO Ppa3peilATb 3TH CBA3H H BBIPA3UTH BCE
TEH30PBI KPY4EHHS H KPHBH3HEL, & TAKKE CyNeppenephl U cBA3-
HOCTH 4epe3 TPABHTALMOHHOE Cylieprione H* [8, 12]. Tlo
cpaBHenHio ¢ obuwet rcomeTpucii R4 Broxenne ero B €42
¢ moMowkio A* mopoXnaeT onpeacnémimyio KOMILIEKCHY O
reomeTpuio. E€ nmanbuefimiec yTounen.e (momyyenwe yp-HHMH
M;]H") TPOH3BOJAHTCH Ha OCHOBE BapHALIMOHHOTO NMPHHLHIA
n2).

I1punupn wasMensiero gedctsad. s npocroit C. oH nmeeT
SICHYIO T€OM. HHTEPIpPCTALHIO; HYXHO MHHMMH3HPOBAThH HH-
BapHarTmbIA cynepobitym R4+ [13]. JIp. cnosamu, R*!* ectn
MHHHUMabLbHas rAnepnosepxHocTs B C*2. T. o., aciicTBrE
HMEET BHI

Isg=5jd*x 4?04 B £ (x,65). ™

rie E-—cyncpaeTepMHIanT cyneppenepa EY. TloacTaHoBKa
E% B TepMmuHax rpaBHTal. cymeprnons H* maért mykHyio mar-
parxeny rioTHocTb [12]. Ecnu C. B3aHMOACHCTBYET ¢ Mare-
pl{eﬁ, TO caenyer )10663"']‘]: H Cyl'lepCHMMCTpH‘-Il'[OC [(eﬁCTBHC
JUIS MATEPHH:

I=Iss+{d*x d*6 d*8 EL,, (®.DO),

rae JarpaHxepa MWIOTNOCTL L., TONYYAETCA M3 COOTBETCTBY-
I'Ollleﬂ narpaml(eaoii TJIOTHOCTH MaTEPHH B TUIOCKOM MpO-
CTPaHCTBE NYTEM YUIHHENHS KOBAPHAHTHLIX NPOHIBOAHBIX
(6). ¥Yp-Hus JABHXCHHA TONY4alOTCA BAPLHPOBAHHEM ICHCTBHA
no H*. B cynepnonsx oHH WMEIOT BHA

G =%V,

TJ€ B IPABOA YACTH CTOHT T. IL CynepTok. Ha s3bike 06bIMHBIX
KOMITOICHTHBIX [OJICH OHA CBOAATCA K Yp-Hiro DAHIUTCHHA

1
R,,v—iRg,,vzuzT,,V

(R, —Ten3op Puuun, R=R,,g", T,,— TEH3Op IHEPrHH-HM-
HyJIbCA MaTEPHH), KOBAPHAHTHIOBAHHOMY Yp-HHIO Papurhi-—
illsunrcpa

Epvip (YSYVDAq’n)u:u"mu

H yp-HHAM, QHKCHPYIOWMM BCIIOMOTaT. HouA. HCTOYHHKH
T,y (T€H30p 3HEprHH-WMNyNbhca) H J,, (COXpansIOWMACE TOK
CYNCPCHMMETPHE) SBISIOTCA KOMHOHEHTAMH cynepToka V.

Komnencatopu. JIciictsre (7) ynob6mo TpakToBaTh crlen.
obpa3om. Eciin ucxomTh 13 koHMopMHO#H C., K-pas CoaepXHT
eme OHY JTOKANBHYIO CYNICPEHMMETPHIO, 4 TAKXKC JIOKAJIbHbIE
MAacIITabHYIO U ¥5-CHMMETPHH, TO HepesnHnad £ caM Ho cebe
He MOXeT ObITb ﬂal‘paH)KeBOﬁ TUTOTHOCTBID, OH HMCET HEMOA-
XOAAMAA KOHGOPMHKHA Bec. UTOGR KOMIIEHCHPOBAThH 3TOT
BeC, BBOOAT T. H. KOMNEHcaTophl. Jlns MuH. Mabopa moned
KOMIICHCATOPOM  CIYKHT KHpaibHoe (JicBoe) cymeproe
©(xL, 8,) [8], mpeobpasytomeecs npu mpeobpasosanusx (4)
cnes. obpajom:

9 (x1, 8,)

Tem("b B KauecTBe IATPAHXEBOA IUIOTHOCTH MOKHO B3STh
E ¢ 4. C noMoulsio (8) MOXHO 0GpaTHTL KOMIIEHCATOP @ (x 1,
9.} 3 «aunnuy. Toraa Honysatcs geficteue {7) ¢ rpynmoR
HHBapraHTHOCTH (4), (3). Tak monywactcs MuH. Bepchs C
EcM B Ka4ecTBe KOMICHCATOpA R35Th BMCCTO KHPAJIBHOTO
apyrae N=1 cyneprnons, To nonyyatcs Ap. epcun N=1 C.
BMECTO MHIIAMANLHOH. B HHX rpasHTall. cyreprmoiamu GyayT
CyXHTb W BEKTOPHOE, H cnHHopHoe [8].

RPN
oy (xg, e;_):(Ber ML”) 9(x1,8.). @®)

HcTtopuyeckan cnpaska. KomnosenTHoe aeicTBue Ans
N=1C. 6puo npemnoxecuo B 1976 B [I] (meppas pabora
B MapTe, BTopas—B Mae). TIowTH oanoBpemenHo [2] 6riio
HalCHO JIMIICAPH3OB. /cHCTBHE ANl IPaBHTALHOHHOTO aKCH-
aNBIIOro CyNEpIosd CO BCEMH BCTIOMOraT. nojsmH. Benomo-
raT. noas GblTH BOCCTAHOBICHBI B PaMKaX KOMIIOHGITHOTO
noaxoaa B [10]. O6wu# recom. moaxon x N=1 C. 66t pa3sut
B [3]: IpaBHTall. cymepnone Kak MHMMas 4acTh KOOPIHHATEL
x§ H COOTBCTCTBYIOLIAS KOMILICKEas reoMeTpus ObUTH pas-
BHTH B [11, 12] {cM. Takxe Momorpadmio {8]). 3aMeyarensHo,
YTO KOMIIOHEHTHOE JEHCTBHC IS TEOPHH CO CIIOHTAHHO HApY-
LICHITOH JIOKANBHOH cynmepcHMMeTpHelt Obino HamucaHo emé
B 1973 [4].

Pacxonumocth B npoctod C. B ciyuac oGwrvHOH Teopuu
TATOTEHHSA, XOTA OH4 H ABIACTES HEMECPEHOPMHPYEMOH, pac-
XOJAHMOCTH (B OTCYTCTBHE MATEPHANBHRIX CBA3EH) BOIHHKAIOT
Ha4yHHasfA C ABYX METEJb AHArpaMM d’eﬁHMaHa, OJHCMNETIIEBBIX
paCX()}lHMOCTC;I HET. DTO MOKHO OOBACIHThL HA TEOM. SA3LIKE
H3 pasMepHBIX Coobpaxerni. Kowmpusen nna onvo¥ neran
6b131 61 KBAApATHYCH TIO TcH30PY PrmMana. Hicrionbays anasor
Teopemsl [aycca (Teopemy [aycca — Bore), ero MOXHO 3amMe-
HHTB Ha YJIEHbI, KBaJAPATHYHBIC TIO Puvun men3opam A CKANSp-
no# xpupHIHe. M Te n apyrue, oaHaxo, obpamaioTCs B MOJb
Ha yp-HHAX ABHXCHHS.

AHanoruynbie coobpaxeHHA ONPEAENAIOT KOHEYNOCTh Ofl-
HOTICTJIEBOTO NPHOTHXEHHA H B N=[ C.: KOHTPYICHOM MOrIa
611 GBITH TOJIBKO BETHYHHA W W,o | HO COOTBETCTBYIOURI
WieH B NeliCTBHE OOPAIIAETCA B HOJIb HA YP-HHAX JIBHKEHHS.
Bonee Toro, NMpomajsarOT H /IBYXNETJEBBIE PACXOAMMOCTH.
EnuncreeHHbIA BO3MOXHLIHA KONTPUIICH 3/1eCh Takke obparma-
CTCA B HOMb HA yp-HHAX ABHXcHHS. Ho yxe B Tpéx mernsx
HMMEETC KAHAWAAT B KOHTPHYJIEHbl H BO3HHMKAIOT HEYCTpaHH-
MbI€ TPEXTICTIIEBRIE PACXOJIAMOCTH.

N=2 cyneprpaBHTauBa — IpOCTeHIIas W3 pacIlHpPeHHBIX.
B cocTam e€ cymepMyJNbTHILIETA Ha MacCOBOH ITOBEPXHOCTH
BXOMNAT IpaBHTOMN, 2 TpaBHTHHO H rpaBHdoron (A= +1). EE
JIarpaHXeBa IUTOTHOCTh COCTOHT H3 CKAJAPHOH KPHBH3HHI,
JACACTBHA A8 TPAIBHTHHO H TPaBHGOTOHA, MONYHAOMIMXCH
KOBAPHANTHIAUHEH COOTRETCTBYIOIIKX CROGOAHBIX ACHCTBHIA,
H MPOCThEIX HEMHHHMAJIBHBIX YWICHOB B3aHMO}1€ﬁCTBHH TpaBH-
TuHO ¢ rpaBHdoToHOM [14, 5] Ona npeactasiser coboit
nepByto 3 Teopuit C., B UpHMImIe 06BEIMAAIOWYIO IPABHTA-
HHIO € 3MeKTPOMArHETH3MOM (TpaBHGOTOH), H COJEPXKHT
4 ¢depmuonnsic u 4 6030uHBIE cTeneHH cBoGoanl. Ob6beaune-
HHE YACTHIL CO CITHHAMM 2 H | 0Ka3amock BO3IMOXIEIM 6naro-
JAapa  HAJIHYHIO npOMC)I(yTO‘IHOﬁ CTYIIEHA — IPABHTHHO CO
cnHaoM V/,. (MMeHHO 3To cTyneHu He XBaTaio A. DMRiITed-
HY B €r0 NOMBITKAaxX CO3AAHUS E/INNOH TEOPHH 3)1.-MarH. H Ipa-
BHTal. mosei.)

JHedtcTBHe [T (M3, MoJEH TIO MOCTPOENHIO HHBAPHAHTHO
OTHOCHTEJILHO IpyHNb! OOmMX Mpeobpa3oBandii KOOPAHHAT
4-MCPHOTO MPOCTPAHCTBA-BPEMCITH H OTHOCUTENBIIO JIOKAJb-
noit rpynnbi JlopeHIa, 4 Takke OTHOCHTENhHO Hpeobpaiopa-
Hui#t JokankHoH N =2 cynepcammctpuu. Kak # B cryqae N=1,
anrebpa nokanbHOH N=2 CymepcHMMETpHH Ha (M3, TONAX
3aMbIKaeTCA TOJBKO HA MAaccOBOH MOBEPXHOCTH (T. €. Ha yp-
musix nsrxkeuns). Urober nobnibes e 3aMbIK4HMS BhE Mac-
COBOH MOBCPXHOCTH H 9TOGBL npeoGpaacBaHun HMEJTH MOJIENb-
HO-HEJaBHCHMBIH, YHHBEpCAIILHBI BHA, HCOOXOIHMbI N=2
nenoMorat. Hons. K 1984 6biio Hadimeno 3 pasn. wmaGopa
BenoMorat. nonei [13], xaxaeid w3 k-peix BItoyaer 40 60-
30HHEIX H 40 (epMHOMHBIX cremened cBoGoapl. OmM cooT-
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BETCTBYHOT (aKTHYECKH 3 pads. koMmereatopaM [16]. Tlon-
Hele HaOOpb! MoJieH, BXOIAUINX B KaXABIA M3 ITHX TPaBHTALM-
OHHBIX N =2 CynepMyJIbTHILIETOB, MOXHO HaiiTu B [15, 16].
Cynepnosiepas V=2 cyneprpasaTaums. Kak H B ciywae
N=1C,, Gbu0 MHOTO MONWITOK MpeacTaBuTs N=2 C. B cy-
nepnpocTpaHcTee. 3Ta 3ajada Oblia pemeHa jump B 1987
B CTanaapTHOM CyNepnpocTPaHCTBe
{x%, 8%, B (&)
({—H30TOHHY. HHICKC) CBA3H HA TEH3ODHI KpydYeHHA Onutd
MONHOCTBIO HalaeHb! ans N=2 C. A BLICUIAX PAaCIIMPEHHBIX
C. & {17]. Onnaxo pa3peiuieHne STHx CBA3el HATOIKHYJIOCH HA
3HAYAT. TPYANOCTH. OOLIMHOE €yHePIPOCTPAHCTBO OKA3ANIOCH
HEaIeKBATHBIM 3a/a4e, H BMECTO HEro MoHaao0HIochH BBede-
HHE T. H. rapMOHH‘{eCKOl’O cyHepnpochaHCTBa
14! BT . CYHEPHPOCTPAHCTRE, TOUHEE B €TI0 ama-
JIHTHY. nOm‘lpOCTpaHCTBe peanusyerca rpynna N=2 C. xax
rpysna obumx npeoGpaaoBaHnH KOOpIHIAT H OKa3plBaeTcs
BO3MOXHBIM 1ocTPOeHHE BepcHi N=2 C. B TepMHHax cylep-
mone#t 6¢3 casaeik [18]. Mapmonny: CYNEPHPOCTPATICTRO MOy~
4aeTCs W3 CTAHNAPTHOTO (9) noGaBneHHeM ABYMepHOH cdephr
S$? ¢ rapMOHHKaMH ut,i=1,2, B KayecTBE KOOPIHHAT. Tapmo-
HHKH TIOAYHIIAIOTCHA yCHOBHl'O u u-‘ =1H OnpeaciaeHsl ¢ ToY-
HOCTBIO A0 dasmy, ul =et [lanee, OT CHAHOPHEIX TIEpe-
MEHHBIX ¢ OTKPBITBIM naorom{q HHIEKCOM i (9) HyxHO nepei-
TH K nepemenHnM 05 =0iut, 82 Bau ¢ otkpeiThiM U(1)-

HHOEKcOM . AHaﬂuanecxoe N=2 cynepnpocTpaHcTBO CO-
JEepXHT CTIMHOPHHIE Tiepemennnie 0, , ;7 M ve conepxut 0,

{CM=(x, 0%, 0%, u*
M B MéM peamuayeTcs N=2 cymnepcHMMETpHA. IpynHa xoH-
dopmHoit N=2 C. ecTb rpynna

BLM=AM(C, u),
Sui =A"2(L, wui, Bui =0,
50 =A( u, 07,07), 80 4=1"%(, 07, 8°),

rae AM, APD) A~ —cooTeeTcTByIOMME kannGpoBouHble Cy-
TepnapameTpsi. [paBUTaL. CYNEPHOIAMH TEOPHH OKa3bIBAIOT-
cHa cyneppel‘lepbl BO3MHKLIKE B KOBﬂpHdHTHOH TapMOHHY. IIpO-
H3BOANOH, amanuTHy. cymepnons H*¥(C, w), HIM( u)
W CIHHOPHBEE Cynepnons obwero prja H& 2% (L, 4,07, 87),
rae & osnHayaer aHGO &, MO0 &. ITH CYMEPOJA C Cyneprpyi-
110]7!2(10) HPABHJIPHO ONHCBHIBAIOT (M3, nons KongopMHOH
N=2C.

(10)

Urobm NepeiTH K dHnmTeitHoBckol N=2 C., crenyeT Kom-
NMEHCHPOBATH HEK-pHle H3 A00aBOYHBIX KaJHOPOROYHBIX HH-
BAPHAHTHOCTEH, XapaKTEPHBIX JUIA KOTIPOPMHOTO Cirydas. 1o
JAOCTHraeTCs BBEACHHEM COOTBETCTBYKOILIHX KOMIICHCHPYHO-
IHX MyabTHILIETOB. ONMH H3 HMX ONHCHIBaeTCA N =2 Makc-
BEJLJIOBCKHM €YNEPIIOJIEM, l]pyl'Oﬁ ABNACTEA cynepMyannnne-
TOM MaTepHH. [leHCTBHE 3aIMCRIBAETCA KakK JIEHCTBHE KOH-
dopmuoit N=2C. [lns KOMNEncaTopoB, ONHKCHIBAEMBIX
CYNEPTIONAMHE C HAJIOXEIHeM MOAXOMAIEH cToponmned CBAM,
pocnpon3poasTcs obcyxgapminecs Bbinme BepcHH N=2 C.
¢ KOHEYHHIM YHCIIOM BCoMorart. noneit [18). [edextom Beex
ITHX BEpCHH SBJIACTCA TO, MTO B HUX HEJb3A BBOJUTb CAMO-
AeficTBHe ¢H3. MaTepHanbHBIX nojed obiero Buaa. OnHaxo,
€CJTH BhIGPAThL B Ka4ecTBe KOMIICHCATOPA AHAJIHTHH. CyNepro-
Jle, He OTPAHAYEHHOE CBI3AMHY, ¢ * -ruMepMyabTHIIET (cM. Cy-
nepnpocmpaiicmeo), TO BO3HHKaeT Hopas Bepcus C., k-pas
JomycKaeT caMbie OOIIMe caMOIEHCTBHS (BCeraa MOXHO TO-
CTPORTHL HYXKHYIO MIOTHOCTb) M TEM CAMBIM HMeeT Haubolb-
WIHE WAHCK! GBITh ACMIO/IL30BAHHON B PEHOMEHOJIOTHY. Mofe-
X, XapakTepHoe e€ CBOHCTBO — GeCKOHEYHOE YHCIIO BCTIOMO-
rat. nojeu.

B e (V>2) C. ew€ nanexd OT 3apepiue-
Hus. XoTd Ans xoud)opm-mx C. ¢ N=3, 4 pcnioMorar. nois
WIBECTHBL (MX komeuHbl nafop), reoMm. cynepnonesue Gop-
MYJIHpOBKH 3THX C. TIoka He TIOCTpoeHk!. B Han6. HHTepccHOM
cnyuae sfHmTeRnosckux C. ¢ N2> 3 penoMorar. Nois He Hai-

AeHbl H YOPMYIHPOBKH BHE MACCOBOH IIOBEPXHOCTH HE H3BECT-
Hel. Ha MaccoBo# MOBEPXHOCTH X GOPMYJIHPOBKH CYIIECTBY-
HOT H HA A3BIKE KOMIIOHECHTHRIX lTOJ'lCl‘:l, H Ha A3BIKE cynepnonel'i
[5, 19]. IlpakTHHcckH Bce pacluMpeHHHle TeopuH C. B mpo-
CTpaHCTBE 4 H3MCPCHHII AOMYCKAOT POPMYTHPOBKY KaK Teo-
puu N=1 C., HO B IpocTpaHCTBe HOJIBILETO YHENA HIMEPCHHIA.
3aTeM NPOHCXOJAHT KOMHAKTH(MKAIMA 10 4-MEPHOTO IIpo-
CTPaHCTBa-BPEMEHH, B TIPOLIECCE K-POi OTILENIAETCS KOMITAKT-
Hoe MHOToOobpasue. Ipynna ero cHMMeTpHil 0TOXAeCTBISETCA
€ Ipynno# ewympennux cummempuii 4-meproro mupa. Takas
nporpaMMa IpHBENa K BCILIECKY MHTepeca K TeopusaM Kany-
st —Kneiina [19). Haubonbuiee BHMMAHHE MpHBJIEKAaeT

N=8 C. Kax roBopuwioch Bbile, N =8 —Makc. 3HaueHHe N.
Ha maceoBoii moBepXHOCTH N =8 TEOpHs OIHCHIBAET IPaBH-
TOH, TPaBMTHHO, 28 BEKTOPHHIX moieH, 35 CMHHOpHBIX H 56
CKaJIApHRIX. TeopHs AOMYycKaeT HaHb. MpocTyro GopMyaHpoB-
Xy B 11-MepHOM NpPOCTPAHCTBE, Il HA «MaccoBoOi NMoBepx-
HOCTH» OHa OMHCBHIBACT «TPaBHTOM» eh(y, a=1, ..., 11), «rpa-
BUTHHO» Yp (a=1,..,32) u «q)oron»-aHTchMmeTpuqHuu
Ten3op 3-ro panra Auvv [20]). Tipn TIPaBAJILHOM yuETe Kanub-
POBOYHONH MHBAPHAHTHOCTH M ypP-HMH JBHXEHHs AmeeTcs 12§
depMHOHHBIX W 128 GoszonHblx cTeHeHeH cBOGoAbI HA Mac-
COBOH TIOBEPXHOCTH.

JHelicTBAE BRITTAAAT JOCTATOYHO IPOCTO, ONHCaHHE 0DO3Ha-
yeHH#H, 11-MepHpIX MaTpHl [Hpaka H T. 4. cM. B [5, 10, 20].
B 0630pe [19] xOpoino H3MOXEHH TOHKHE MOMEHTHI pa3ll.
croeofoB KOMHaKTHq)HKa”HH € BBIICIICHHEM 7'MepHDl'0 MHO-
Toobpasus.

Cammetpus N =8 C.—oproronajibHas rpynna O (8) —oka-
3aJ1ach HC/IOCTATOYHO LIMPOKOH, 4TOGE BMECTHTE B ¢e6s Mps-
MOe npOH3BeHeHHC l.(Be"l‘DBOﬁ Tpynnet Keanmoaou XPUMO()M-
RAMUXY HA TPYNTY CTAaRAApTHOH TEOPHHM 3J.1exmpocaabozo
asaumodeiicmeua, SU(3).xSU(2)x U(l), Grecrsame noa-
TBepXIEHHBIX 3kcTiepuMenToM. K ToMy xe rpynna O (8) seis-
€TCA rpyNNoii riao0anbHoi cHMMeTPHH. OaNako B He€ MOXHO
Bed xe nomectaTb SU(3), % U(1) x U(1). B npHHumne cymecT-
BYIOT W3OIIpEHHBIE BapHaHTh N=8 C., B k-phix O (8) spuser-
cs1 kaubpoBo4HOH, a 28 BEKTOPHBIX MOJEH CTAHOBATCH COOT-
BeTcTBYROMMMH  Avea— Muanaca nosamu. OcHOBHAsS nepe-
“!BHTIBH npoﬁnsma MOJJCTICH Takoro poJa-—TIpHCYTCTBHE
GOMbLIOH KOCMOJIOTHY. NOCTOSHHOM.

Jpyro#t MBICTHMEIH TyTh TOSBIIEHHs KanubpoBourol rpyn-
Mbl CTaHAApTHOA Mogend B pamkax N=8 C. ocHOBaH Ha
HaONIFOJEHHH, 4TO HA MACCOBOH TOBEPXHOCTH CHMMETPHS
O (8) pacumpserca go SU (8) {21]. Bornee Toro, narpanxHan
N=8 C. obragaer HenuHe#HOll E; cHMMeTpHei, 56 BXoasmx
B HEro CKaJspoB OIHCHIBAIOTES HeJTHNeHHOH CHIMa-MOJIeJIbK)
{cM. Cuema-modeau) Ia OOHOPOAHOM NPOCTPAHCTBE IPYHIIbL
E; ¢ SU (8) B xauecTRe rpyninsl crabHiabHOCTH Bakyyma. Mues
[21] cocTouT B TOM, 4TOGK caenatk SU (8) noxanbHo# BBede-
HHEM 63 YHCTO KMHGPOBO‘IHLIX CKaJIsipHbIX €TeneHeH CcBO-
Goapbl. TIpH 3ToM B JarpaHXuaH HeoOxoaumo BrectH SU (8)-
KanHGpoBOYHbIE BEKTOpHBIE MOJs 6e3 kuHeTHY. wiewon. Ha
KJIacery. (X0 KBAHTOBAHMA) YPOBHE 3TH IOJIA HE PAaCNpoOCTpa-
HAKOTCH, H TIOCTIE HX HCKIIFOHEHHS TIOCPENETROM YD-HU JBHXe-
nus ¥ Bpibopa «yHHTapHoO#H» kanWOPOBKH, B X-poH 63 kaaub-
POBOYHBIX cxanapa P4BIbl HYIIKO, BOCCTAHABJIHBAECTCA HCXOM-
HbI  jarpamxuad. OOHAKO TNOCNE KBAHTOBANMA  ITH
kanHGpoBOYHEIE NMONA B TNPHHUMNE Morid Obl NpHOGpecTH
KHHETHY. WICNK 32 Cu&T paduayuwmux nonpasox. Torua J0o-
Kaﬂl:Hdﬂ rpynna SU (8) crana Gunr nacToswed Kaiu6poOBOHHOR

MoH M MOSBHNOCH OBl €CTECTB.  MeCTO  AJA
SU(J)c xSU2yx U(1)=SU (8).
Vb tpad TOBhIE # pacwmperHbix C. He

YCTPaHSAKTCH 10 KOHI.(a.rXOTﬂ onH H obpalarTes B HOJIb LTS
JHATPaMM ¢ HeGOJIBLIHM YHCIIOM II€TENIb, TEM HE MeHee s
nwobGoro BapHanta C. HAXOIWTes MMCIO TETENh, NP K-pOM
KOHTP4JIEHb! OKa3bIBAIOTCH BO3MOXHBRIMH, TAK YTO Ha OCHOBE
CHMMETPHHHBIX COOOpaXeHAH He yMaé€Tcs CaenaTh K.-Jl. 3a-
KJIKOYEHHH O KOHEYHOCTH TEOPHH.

Onut uccaegosannif no €. OTKPHU HOBRIE TOPHIOHTH
H OKa3aJICH BECbMA TIOJIE3HBIM, HATIP., B TEOPHH CYNEPETPYHbI
H eé xomnakTadukandid. OTMETHM, YTO B TOYEYHOM Tpexese



TEOPHH CYIICPCTPYHBI (OTBCYaIONIEM YYETy TONBKO ©camac-
COBRIX BO3GYXACHHI) Bo3HHKaFOT 10-MepHbie C.
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B., Superfield Lagrangian for supergravity, «Phys. Lett.», 1978, v. 74B,
p.51; t4) Ferrara S, van Nleuwenhulzen P., Conslstenl super-

gravity with complex spin— ?/, gauge fields, «Phys. Rev. Lett.», 1976,
v. 37, p. 1669; 15) Fradkin E. S, Vasiliev M. A., Minimal set of
auxiliary fields in SO (2)—exlended supergravity, «Phys Lett.», 1979,
v. B5B, p. 47, de Wit B, van olten J., van Proeyen A,
Transformation rules of N=2 supergravity multiplets, «Nucl. Phys.»,
1980, v. B167, p. 186; 16) de Wit B, Lauwers P., van Proeyen
A., Lagrangians of A'=2 supergravity— matter systems, «Nucl. Phys.»,
1985, v. B255, p. 569; 17) Howe P.S., Supergravily in superspace,
«Nucl. Phys.», 1982, v. B199, p. 309; lB)GdlpennA [a.0.], N=2
supergravity in superspace, «Class, Quantum Grav.», 1987, v. 4,
p. 1235, 1255; 19) Duff M., Nilsson B. E. W., Pope C. N Ka-
luza— Klein supergravxty, «Phys. Repts», 1986 v. 130, p. J;
20)Cremmer E., Julia B, Scherk J., Supergravity theory in 11
dimensions, «Phys. Lett.», 1978 v. 76B, p. 409 21) ux xe, The SO (8)
supergravity, «Nucl. Phys.», 1979, v. BlSQ, p. 141,

E. A.'I'feﬂmza, B. H. Ozuegeyxuit.
CYNEPHOHHBIE TTPOBOIHWUKW —cm. Homtvie cynep-
npOBOORUKU.
CYMIEPMVYJIBTUILNIET —HenpHsoAHMOE  NPECTABJICHHE
cynepcummempuu, copepxaniee GepMHOHBI H Gosonbl. B mo-
6om C. uHCno ©O30HHBIX CTENeHel cBOGOABI PaBHO UHCIY
(hepMHOHHBIX.

B npocroit N=1 cynepcHMMETpHH TIPH OTIHYNOR OT MyJs
Macce okost C. XapaKTepH3YeTCA 3HAYCHHEM CYMEpCIHHA.
Tpu mauHom cynepenmue sC CONEPKHT YaCTHI TIeHyeBo#
Mmaceb! co cnaHamu S—'/;, S, S, S+ /;. Knpansreiii C. umeer
cynepcnHH S=0 H COACPXHT, COOTBETCTBECHHO, 2 CKaNAPHRIX
nons (coun 0) H oaHO CHNOpROE (cnmy '/,). Bektopmsni C.
obnanaer cynepeNHHOM '/, W BKJIIOYAET OOHY CKaJAPHYIO
qacmuy (cunn 0), 2 CHIMHOpIbIE (CIIHH '/;) H OAHY BEKTOPHYIO
(cnuu 1

Tipu uyneaofi Macce Tokost B N =1 CynCpCHMMETPHH Kaxk-
bl C. cOCTOMT H3 Dapht €OCTORHHH, cnupadbiocmu A K-pBIX
oTIHYAKOTCA HA '/, M obo3Havaiotes (A, A—'/;). Tak, kanu6-
posounsi C. (1, 1 !/,) cocTouT W3 GesmMaccoBoro ?OTOHB (h=1)
u gomuno (h="1/,), rpaBuTan. Myng;runne'r (2, °/2) coaepxut

(A=2)u a=2/2).
P i

B pacilMpeHnkIX CYNepCHMMETPHAX ¢ N CIIHHOPHBIMH [¢He-
paropaMu C. ¢ NyJIcBOR MacCol MOKOA BKIOYAIOT COCTOAHHA
CO CNEAYIOUTHMH JHANEHHAMH CIHPAJILHOCTH M KPATHOCTBIO!

cmMpansHoCTs [ Ao fo—'/a| Ao—1 lo*g . lo'g
KP4THOCTb NN-1) N! \
(4ucno 1 N |——1 -
COCTOSHHIT) 2 AN =k

Tlpu CPT-ConpsHKEHHH 3HAK CIHPAJIBHOCTH MEHSETCH, MOITO-
My B JioDONl peSIATHBHCTCKH-HNBADHAHTHOH TEODHH TakoH
MYNbTHIIET GyACT BRICTYNaTh B mape ¢ CPT-CONpSkEHHBIM,
T. €. COACPXKALINM COCTOSHUSA C TQH %€ KPaTHOCTBIO, IO € Npo-
-msonono;xnumu N0 3HAKY ., 3HAYCHMSMH CIHPabHOCTEH.

Hanp N* paciunpeiHol  CyNCpCHMMETPHI C. (=),
(—‘/ )3, (0) (+/) Gynet composoxaarses C. 1. (1/2), (0)°,
(—1'/2), Tak 4TO NoJHLIA kaauGposounbii C. By/1eT comepkaTh
OAHO BEKTOPHOE TIONE, 4 CIHHOPHBIX H 6 CKaNSPHBIX.

T. H. MAKCHMAaIbHBIE CYHEPMYJIbTHUNJIETH CAMO-
conpsixensl OTHOCHTebHO CPT. K Hum otuocaTcs N=4 xa-
nu6poBouHbit C., HaUWHAIOUTHACH € Ao= + 1:

CIMPaNbHOCTD +1 +2 0 ~*h —~1
KPATHOCTH 1 4 6 4 |

¥ N=8 rpasutamdonnsiii C. ¢ o= +2:

cmapambHocth | +2) 43, |4+1] #1501 =3, |2
XPaTHOCTh 1 8 28 56 | 70 56 | 28 8 1

C. TS MACCHBHBIX YACTHI| B PacUTHPEHHOH N CynepcuMMeT-
PHH YCTPOeH cnoxkinee. CeKTp CHHHOB YacTHIL B MEM NPOCTH-
paetca

N
oT Smm=1+g O S e = MAKC (0, 1-—;)

rac [—uenoe WK nonynenoce uucno. OTcioga CieayeT, 4TO
B ciydae N=2 nrGoi MaccupHbIH C. COACPKHT YACTHIBI, MO
xpaiineil Mepe, O cnHHOM |, B cnysae N=3—co cnuHoMm */,
u T. 1. ITo 3TOH NpHYHHE PACCMOTPEHHE MACCHBIIBIX HaCTHI
B TOYNBIX PACIUHPEHHBIX CYNEPCHMMETPHAX JIHIIEHO 0COGOro
CMBICIIA, Macca JOIDKINA BOJHHKATL JIHGO 3a CHéT mapylieHus
CYHEPCHMMETPHH, JIHGO 33 CYET eé MOAMObHKALMHE HEeHTPaTh-
HBIMH 3apsaaMH. B pacinMpeHHBIX CyNepCHMMETPHYHBIX MO-
JIeNsSX C© IEHTD. JaPANAMH 3MAYCHHE HAWGONBIHETo CrMHA
B MaccHpHOM C. MOXeT yMeHblaThed. Hanp., npu uérnom
Nu OHOM LEHTD. 3apAAE MAKC. CTIHH npocreiwero C. ¢ =0
pasen (*/4) N, T. €. NONOBHHE S, 6e3 } IENTp. 3apHma. Ctpyk-
Typa MacCHBHBIX C. OKa3hIBaeTCs TaKo# Xe, KaK M B CYNIEPCHM-
METpHH C (‘/,) N 6e3 UeHTD. 3apAA0B, OANAKO HHCAO COCTOR-
uuil TIpH 3TOM yaBuHBaeTca. LIeHTp. 3aps npeobpasyeT apyr
B APYTa COCTOANHSA W3 KOXAOH TaKOH Mapbl.

Bue MaccoBOodH TNOBEPXIIOCTH CYNEDCHMMETDHS  HMEET
€CTECTB. peasH3alluio Ha TIOJISX, K-Phi€ TAKKe MOXHO TPYINITH-
posath B C. [10CKONBKY YHCIO KOMIIOHENT CIHIOPHBIX TIOJCH
B 1Ba pa3a NPEBbILIAET YHCJIO COOTBETCTBYIOILHX COCTOSIHHIH
C MoJiylesbiIM CIIHHOM Tia MaccoBOH TIOBEPXIOCTH, 115 ¢06-
JIHOICHHH PABEHCTBA HHC/a GO3OHMBIX M (DEPMHMOHHBIX CTEme-
He#t cBoGoapl noepbie C. JODKHB € HEOGXOIHMOCTBIO BKITHO-
4aThk BCIOMOTaT. ToJis. l'Iocnem-me ofecneyHBalOT 3aMbIKaHHE
anrebpbl CyNEPCHMMETPHH BHC MAacCOBOR INOBEPXHOCTH H 110-
SBJISIOTCA €cTeCTB. 06pa3oM B cynepnossix (eM. Cynepnpocm-
pancmeo). Ha MaccoBolt MOBEPXHOCTH CYLIECTBYET BIaHMHO-
OANO3HAYHOE COOTBETCTBHE MEXKAY MPCACTABICHHAMH HA MO~
JIAX H OAHOYACTHYHBIX COCTOAHHSX.

Jum.: Ornepeuxuii B, Meannvecky JI, CuMMeTpuH Mexay
6030HaMM ¥ depMmuoHamMe H cynepnons, «Y®H», 1975, 1. 117, ». 4, c.
637, Sohmnius M. F., Introducing supersymmetry, «Phys. Repts»,
19885, v. 128, p. 39. E. A, Hsanas, B. H. Ocucdeyriis.
CYNEPOBBEAUHEHME — 06heaMHEHHE CHIILHOTO, .-
MarH., cnaGoro M, BO3MOXHO, IDABHTAI. B3aHMOACHCTBHI
B paMmKax TEOPHH cynepcusmempuu. CTalapruas MOACIb

UK. %, BKJIHO as B cebs e/MNyI0 TEOPHIO
34eKMpocaa6020 s3aumodeicmaus  c JHEPreTHY. IUKATION
~100 B # K6unmo6y10 XpOMOOUHAMUKY, TIONTBEPKAECTA

OTLITOM BO BCEX CBOMX Tpeackaszanuax. [Ipu mepexode K Teo-
pur  C. BO3HHKAeT INKala CYyNIECTBEHNO Hp. TOPA/Ka
(10%% T'3B). DTo BeéT K T. H. IPOBJIEME HEPADXHH, T. €. TPY/-
HOCTAM B COCYILECTBOBAHKH CTONb PAIHbIX miKa;i. Macca CKa-
JIAPHBIX Xuezca 6030108 B CTAHAAPTION MOJIENH TOJKHA GBITH
nopaaka (102—10%) I'3B. Takoe 3H49eHHe Macchl TPYAHO MO~
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HSTb MPH HANM4MM KBAJPATHHHO PACXOMAIINXCH PAaHall. NO-
npasox H wikans 10'° 3B, Hy)xm,l OH4EHb TOHKHE MOJITOHKH,
TEOPHS CTAHOBHTCSH «HEHAaTypanbHOH». Kak n0o6GHThCH «HaTy-
pansHOCTH»? Kak YMEHBIIHTL GOJBIIOE HHCIO MAPAMETPOB,
npHcylUux crangapTHod moaenu M C.? Kakas cHMMeTpus
MOXCT TOMOYb COXPabuTh TeGoAbION Maccy XWITCOBCKAX
6030H0B? EQMNCTBEHHEIM IOKa KaHAWIATOM SABISETCH CYnep-
CHMMETPHSA. B cynepcHMMeETpH30B. TEOPHH yXe HET KBajpa-
THYHBIX PaCXOAMMOCTEH 1O Macce, KBAJPATHYHO PACXOIALLIH-
ecs 106aBKH 0T 6030HOB B3WHMHO COKPALIAIOTCA C TAKHMH Xe
f06aBKaMH OT CYNCPCHMMETPHYHBIX MAPTHEPOB, T. €. PepMH-
OHOB. XapaKTEPHBIC LA CYNIEPCHMMETPHH TEOpEeMBI O Hemepe-
HOPMHPOBKE, O HEW3MEHCHHH COOTHOLICHHH MeX Y Napamert-
pamMH NIpH_yuére paauar. no6aBox 3Ha4HTeNnbHO ObneruaroT
BOTpoc 06 yYCTOMYHBOCTH BLIGOpa MAPAMETPOB HA YPOBHE
JPEBECHOTO NPHOTHACHHS.

B CYnCcpcMHMMETPH3OB. TEOPHH KaxJaf oObIumafs 4acTHUa
JIOMXHA COTIPOBOXIATHCA CYHEPCHMMETDHYHBIM HapTHEPOM,
B CpnepMyAbmuiLiempi BXOAWT PABHOE YHCIIO GepMHOHOB H Go-
3onos. Tloka (1996) He obHapykeHO HH OAMOro Cymepnapr-
HEpa, YCTAHOBJIEHb! TOJILKO HHX. [PAHHLBI Ma WX Macchl. Mx
HOUCK COCTABNAET BAXHEHWIYIO 3a/149y HOBbIX YCKODHTCIIEH.
Macea cynepnapTHépoB JomkHa GLITE JOCTATOYHO GOMBLLIONH,
T. €. CYMEPCHMMETPHH NOJKHA OBITh CHIIBHO HaPYNICHHOMH.
TIO-BHIHMOMY, B MEXAHH3ME HAPYUICHHH CYNepCHMMETPHH
CYIUECTBEHNYI) POb AOJIKHA WUIPATh cynepzpasumayus. Boa-
MOXHbIE (HEHOMEHOJIOTHY. EYNMePCHMMETPHHHBIC MO/CIH, HX
JIOCTHXEHHA H TPYJHOCTH OOCYXAalOTCA BO MH. 0630pax
(nanp., [1—3)).

Hau6. amGHnHo3MbIM C. ABASETCH CBCPXBE/HHAS TEODHS
BCEX B3AHMOMCHCTBHH, BKJIOYAA IPABHTAIHOMHOC, HA OCHOBE
MAKCHMAIILIIO pacliHpeHHo# N=8 cymeprpapHranss [4].
B rtakof Teopuu BCe Tons, W (epMmHOMHMEe W DO30HHBIE,
BXOAMJH Obl HA paBHBIX MpaBaX u Bee 6bINH GBI KaIHOPOBOU-
HBIMH TIONIAMH. CYIECTBEHHAA TPYAHOCTb 3A€Ch— TOT (aKT,
YTO NPHCYIas N =8 CyNeprpaBHTallHH OPTOrOHANIbHAS IPyH-
na O(8), kaKk KanHOPOBOYHaS, He BMmellacT B cebi rpymHy
€TAHJAPTHOH MoJelnH Benukoro obbeguuenmus SU(3) x
x SU(2)x U(1). CymecTByIor HODBITKH 06oiiTH OTY Tpyn-
HOCTb H ¢/IellaTh KaTHOPOBOYHOM yNHTapHYio rpyHHy SU (8).
Takas TpyHnma coAepXHMT npsaMoc mpouasexene SU(5)x
x SU(3). TlepBoiii COMHOXHTEL MOXHO GbUTO GBI OTOXIECT-
BHTb C CHMMETDHEH BENHKOro OOBEJHHEHHS, a BTOPOH—cC
CHMMETpHeH nokosienni. OaHaKO HAHGObILME HAJEX/TBI CBS-
IBIBAIOTCHA € HOMBITKAMH AOCTHIHYTh C. B pamMxax TEOpHH
Q'nepunpynu

: 1) Nilles H. P., Supersymmetry, supergravity and particle
physlcs. «Phys Repts», 1984, v. 110, p. |, 2 ber H. E.,
Cane G, L., The search for supersymmetry. Probing physws beyond
the smnddrd model, «Phys. Repts», 1983, v. 117, p. 3) Buicou-
kai M. H., CynepchMeTpu-ﬂmc MonentH ’jﬂeMequpHMX HaCTHI —
dusnka 41s yckopuTeseil HoBoro nokoseHus?, «YdH», 1985, 1. 146,
B. 4, c. 591: 4) 3ymuno B., CyneprpapuTauus 1 Benukoe oGbsenune-
nue, b 6.0 [RoMeTpuueckne 1acH B huInke, Hep. ¢ anrn, M., 1983,
E. A. Hearos, B. H. Ocueseyxuit.

CYNIEPOPTUKOH —cM. B ct. [Tepedarousue 31eKmpontio-iy-
uegvle Mpyoxu.

CYTNEPOTBOPA IIPABMJIA — orpaniyenns Ha MHOXECTBO
$u3. nab.aodaesmsix xBaHTOBOM cHcTeMbL. CyIECTBOBAHHE Ta-
KHX OTPaHWueHnil, yKazanHoe Brepsbic B pabore Jik. Buka
(G. Wick), A. Baiirmana (A. Wightman) u }O. Burhepa
(E. Wigner) (1952), o3na4ano KoppeKkLHIo 1 060611cH e 06bI4-
HBIX MOCTYJIATOB KBAHTOBOW TECOPHH, COTJIACHO K-PBIM JTIOGOH
BEKTOP B ZUAbOEPHIOBOM NPOCHIPAKCMEE COCTORITHH CHCTEMBI
NpeAcTaBasy GHINYECKH DCaiH3yeMoe (YHCTOE) COCTOSHHE,
a o6OH 3PMHTOB ONCPATOP B 3TOM NPOETPAHCTBE HPEJIETAB-
nan uwabmonaemyro (cM. Keanmoearn mexanuxa). MexaHusm
Ol‘paH"'lCHHﬁ 3AKIOHAECTER B NAJIMHHH HEK-PBIX ocobuIx na-
6o faeMBIX, 001aJaI0IMX TEM CBOWCTBOM, HTO COOCTBCHHBIE
no}:lnpochchTBa OMEPATOPOB 3THX Haﬁﬂl()}laeMle HAOIAKHBI
6BITH HHBAPHAHTHBI OTHOCHTEJIBHO ueﬁcmuu OnepaTopos 10~
GBIX Ha6IIOAaEMBIX; TEM CaMBIM BCE OHCPATOPBI, IC COXPaHsA-
IOLKE¢ YKA3aHHBIK TIOANPOCTPAHCTR, H3 HUCNA naﬁmouaemux
HCKJTIOHAIOTCA. OnepaTop KakaoH Takoi HabmoxaeMoi non-
KEH KOMMYTHPOBATH € oHepaTopaMu BCEX APYTHX Haﬁﬂl()}:la-

€MBIX; 3TOT OINEPATOP HA3BIBAETCA CynepoT 6o PHBIM
ONMEPATOPOM, A €ro COGCTBEHHLIE HOHHPOCTPBHCTBH —Ccy-
nepoTGOPHBIMH CEKTOpPaMH. Jlerko mokasaTh, 4TO Cy-
TEPNO3MUMH BEKTOPOB H3 PA3HBIX CYMEPOTOOPHEIX CEKTOPOB
BCEr/1a NMPEACTABIIAIOT HE YHCTBIC, 4 CMELIAHHBIC COCTOAHHA.
MaTpuunbie smeMcnTh Beex HabMIOJaeMbix MEXay pasn. cy-
nepoT6OPHEIMH CEKTOPAMH pabHBI 0 (DTO CO3A4ET AHANOTHIO
c ombopa npaguAamu B ATOMHOH (H3HKE), HTO TAKXCE O3HAMAET
PaBEHCTBO HYJIO BCEX BEPOATHOCTEH Nepexofa Mexay cod-
CTBEMHBIMH HOJHPOCTPAHCTBAMH HEK-POH COXPaHSAIONICHCH BE-
NHuHHBL. Ha 3TOM OCHOBAHMH M [4HO HA3BAHHE ABJCHHIO:
06BIMHBIC TPaBHIIA OTGOPA HMEIOT MECTO JIMLIb JLTS H3OTHPOB.
CHCTEM M MOrYT HCHUE3aTh l]pl{ BKJIKOYCHHH BHELI. Boaueﬁ-
CTBHi, 3anpelnad, TAKHM 06pa3oM, TOJIBLKO CNIOHTAHHBIE Tepe-
x0fibl; HO C. n. 3anpewraroT jirobble HCPEXOAbl, H COOTBETCT-
BYIOIIHE HM HabMIOLaeMble HHOT/A HA3LIBAIOT CYNIEPCOXPAHS-
TOLUHMHCS.

B paGore Buka M apyrux ObIH yka3aubl 2 KOHKPETHBIX
C.m., A8 K-pbiX CYNCPOTGOPHBIMH ONEPATOPAME CAYKAT
TOJIHBI 3ICKTPHY. 3apaa ( M T. H. OHEPATOP YHHBAJICHTHOCTH
(—1)25, rae §-—oHepaToOp MOJHOTO CMHHA (B TIOCICAHEM CTy-
HaC MMEETCH BCCTO 2 CYUCPOTOOPHBIX CEKTOpa, OOBENHHNIO-
KX COCTOAHHSA, COOTBETCTBCHIIO, LEJOr0 H MOJYLEJIOro CNnH-
Ha, Tak uTo AaHHoe C. H. pa3fiesideT coeTosHUA ¢ 6o30HHOA
H (EPMHOHHOH CTATHCTHKOM). 3aTeM ObIl OTKPBIT el paj
C. u. Monobuo @ C. 1. DOPOXAAIOT N Jp. 3apaibl, OTBEUAK~
IIHE TOYHBIM GHYMPEHHUM CUMMEMPUAM CHCTEM 3ﬂCMeHTap'
HBIX HaCTHIL Hap wucao B n wucaa Lo v L,
B HCpeﬂﬂTHBHCTCKOH KBdﬂTOBOH TCOPHH T'aJIHNIECBA MHde"aHT'
woeTh npuBoauT k C. n. mo Maece (C. n. Baprmana), k-poe
Pa3zieIA€T COCTOAHHA pA3HBIX MAacC; B pa3jl. CX€MaX KBaH-
TOBOH TEODHH H3MCPEHHA Bo3HMKAIOT C. 1., CBA3aHHblE ¢ Xd-
PAKTEPHCTHKAMA HIMEPHT. Mpubopa, ¢ y48ToM BHEIL. OKpyXe-
HHA, H T. 1.

Crporas teopus C. 1. 6bina DOCTpoeHa Ha pybexe 1960-x
v 70-x rr. B makjgax pabor C. Aommuxepa (S. Doplicher),
P. Xaara (R. Haag), JIx. Po6eprca (J. Roberts) u (He3aBuen-
mo) B. H. Cyuko u C. C. Xopyxero. E€ 6a3ofi ciykuT aree-
fpauveckuil nodxo0 B KBAHTOBOW TEOPHM IOJIA C €ro anmapa-
TOM aJIrc6p JOKaJIbHBIX H rTo0aNbHBIX HabMOAaeMbIX. Bax-
Has wepTa C. n—Hx raobanbHblit XapakTep: cynepoT6opHsic
Haﬁﬂl()}:laCMl:lC ABJIAIOTCH «MAKPOCKONHH. HHSJ'IIOZIBEMM\AM))‘
XapaKkTEPH3IYIOHIMMH HOBEACHHE CHCTEMBI BO BCéM NpOCTPaH-
CTBE-BPEMEHH M, @ HE B K.-Jl. OTPaHHYeHHOH obnacTh Oc M,
T. €. B Hojixofe Xaara-—Apaxu cynepoTGopHble OnepaTopsl
JIOIKHBL TIEXATh HE B AOKATLHBIX anrebpax dou Hefiman;
R (0), no Tonsko B rnobanbuoit anrcbpe R, a TouHce, B e
ueHTpe Z =R () R BBH/ly CBOCit KOMMYTATHBHOETH C OIlEPaTO-
pamyu Beex nabmofaeMbix. [Mo3TOMy TeopHs Npexae BCero
ycTanaB;1HRaeT ¢BOHCTBA anre6prl R B CHCTEMAX C IPOH3BOITL-
HbIM HaGopoM C. . JlokazaHo, 4To Takas anrcOpa nonxHa
MPHHANIEKATL KJAcCy, BBLACIACMOMY CIIEAYIOIIHMH DKBHBA-
JIEHTHBLIMM YCTIOBHAMM: 1) THABOCPTOBO MPOCTPAHCTBO ared-
pb! R HaTAruBaeTcs Ha BCKTOpr, OTBCHAKOIIHE YHCTBIM CO-
CTOSHMAM Ta R; 2) R ecThb npsamas cyMma (akTopoB R, THIa
I [1. e. anrc6p, nzomopdusix anrebpe B(¥) pcex OrpaHHHYEH-
HBIX OTEPATOPOB B HEKOTOPOM THJIbGEPTOBOM IPOCTPAHCTBE
1, 3) R ectb anrebpa tuna 1 (T. €. paznoxuMa B NpaMyro
CYMMY HJIH HHTErpan dhaxTopos Tuna [) H Z BKITIOYAET TOJIBKO
ONepaTOPBI C TOUEYHBIM (IMCKPCTHBIM) CHEKTPOM (cM. Cnexmp
onepamopa). TIpOCTpaHCTBa J,, T/IE AEHCTBYIOT hakTOpHl R,
HA3BIBAKOTCH KO]‘CPEHTHHMH eynepoTGopHmMu
CEKTOPAMH H ODNAJAIOT TeM CBOMCTBOM, YTO KaXIBIH HX
BEKTOp HBIAETCH 06U.lHM COGCTREHITBIM BEKTOPOM JJIA BCEX
CyHCpOTGOpHBIX omnepaTopos. T. 0., pa3jjgoxcnue NpocTpaH-
CTBA COCTOAHHH HA KOTEPEHTHBIC CYNMEPATOOPHBIC CEKTOPL
COBMAJaeT C NENTP. PasNoXCUHEM (T. €. pasjioKeHHEM @A
$akTOpBI, anreGpbl ¢ TPUBMAABHBIM IIGHTPOM) TI06aiIbHOM
na@moduembix utzebpei. [1o eMBICIYy OHO aHANOTHYHO pas-
JIOKEHHIO HA YHCTHIC (a3bl B CTATHCTHY. MEXAMMKC H OCYILECT-
BJIACT NMOJHOE paS}lCHCHHE KJIACCHHY. (MaKpOCKOI’lH'L) H KBaH-
TOBBIX (MHKPOCKOTHY., JIOKAJIBIBIX) CBOHCTB: LENTp Z— an-
refpa knmaccuy. HAGMORACMBIX CHCTEMbI, a KOTCPCHTHBIE
CeKTOpbl < R,, #’,> —e€ 9YHCTO KBAHTOBBIC KOMIOHEHTBI.
B pamxkax abcrpakTHOTo Noaxona Xaara —KacTaepa cynep-




OI'EOPHHC CEKTOPL! ONHCHIBAKICH KAK JPEACTABIEHUSA ab-
CTpakTHO#H C*-anre6pbl KPa3MIOKAIbHBLIX Habnonaemuix. Co-
CTOSHHSA B 3THX CEKTOPaX NMOAYHHAKOTCA HOpManbHOH (Bozc—
QCPMH) CTATHCTHKC TOr1a H TOJBKO TOTAd, KOT1d4 COOTRETCT~
BYIOUHE TNPEACTABJICHHA HCIPHBO/JHMMSBI HJIH, 4TO TO XC.
R, =B(X, ); B NPOTHBHOM CITy4d€ OHH NOTYHNAIOTCA K.-JI. H3
napacmamucmux, 3a1apaeMsIX HEOIHOMEPHBIMHA npedcmaaie-
Hnuasu cpynnst NEPCCTAHOBOK.

Emé B 1965 r. X. Bopxepcom (H. Borchers) 6puta ykasana
I'JT)'GOKHSI cBs3b C, 1. ¢ IOHSTHEM KBAHTOBaHHOTO NoJjis. [Tone
HHTYMTHBHO MBICTHTCS KaK TOTOK KB4HTOB, 3IEMEHTAPHBIX
HOCHTeNeH (PH3. XapaKTePUCTHK CHCTEMBI — KBAHTOBRIX MHCEN
3aps/ia, CIMHA, CTPAHHOCTH M Ap.; AeHCTBYA Ha ¢H3. cocTos-
HHBA ¢ onpe/iell. 3HAYEHHAMH TAKHX XAPAKTEPHCTHK, MOJIE H3-
MEHSAET 3TH 3Hadenus. Ecau ke ¢ NanHOH XapaKTEpHCTHKOM
eng3ao C. M. B COCTOSHHS C DA3HBIMH €€ 3HAYCHHAMH eXaT
B pa3HLIX CEKTOpPAX, TO MOJie 6)’}'I€T NIEPEBOIHTh COCTOAHHA H3
oHOro cekTopa B jipyrofi. Utak, nons, B ornruke ot nabmo-
JIACMBIX, HE COXPAHSIOT, BOOOIIIE TOBOPS, CYNCPOTOOPHRIX CCK-
TOPOB; H B paMKax ﬂﬂl'erﬂH‘l. nojaxena, rac Nojas na HCXoI-
HOH cTagun OTCYTCTBYIOT, OHH MOTYT CTPOHTHCA KK O6BCKTBI.
CBS3LIBAIOLIHE DPASHBIC CYNMEPOTGOPHBIC CEKTOPBI — INEK-PhI¢
«OMepaTOPhl NEPSIJICTCIHSA», B TCPMHHAX TEOPHH NPCACTABIC-
A, Pa3paboTka 7ToH HMOEH, ocymecTBAsBluascs ri. obp.
Honmaxepom u Pobepreom, a taxke KO. Opénuxom (). Fro-
lich), . Byxxoasuem (D. Buchholz) u np., cocTaBuna HOBbI#H
3Tan He TONBbKO TeopHH C. M., HO H aarebpany. monxoma
B uesioM. Ona NpuBeNa K CIOXHBIM MATEM. 347a4aM, NOTpe-
60BaB HETPHBHAJILHOTO PA3BHTHS PA/A HANPABICHHHE TEOPHH
C*-anrebp, u Tonpko B 1990-x rr. npubnusniace k 3apeplie-
Huio. EE 3. peaynbTaThl COCTOAT NPCKIE BCEro B NIPHHLIHIH-
ansHOM yruiybnenun kak Teopun C.m., Tak H KOHLENUMH
KBAHTOBAMHOI'O mons. Bein Osl{apy)KeH HeIbIA ps/l NOBBIX
BugoB C. M., NPHCYIUHX COBP. MOIACIAM C KQiubOpOSOuNyIMY
noaAMu, MonoAoeueckuMu 3dpAdamu (B HACTIIOETH, COAUMOHA-
Mu) H (Ga3oBHIMH nepexonaMu. C p. CTOPOHBI, METOAMKA
HocTpoeHus MoJcH Ha Gade anrebpany. gopmManuiMa Habiro-
NAEMBIX H COCTOSHHI TIPHBO/IHT K NMONEBbIM OOBCKTAM BECHMA
OGLUCI'O. HHOI'/IA PaHEC HEH3IBECTHOIO BHIA: €CIIH B NPOCTPaH-
crtBe MHHKOBCKOTO 3TH OOBEKTHI TO/NYHHAIOTCA CTATHCTHKAM,
ONHCBLIBACMBIM TPYNMo#l HEPECTAHOBOK, TO B 2- H 3-MEpHBIX
cHcTeMax OOHAPYXENBI MONEBLIC OOBEKTHI, CTATHCTHKA K-PbIX
OMNHCBLIBAETCA T. W. rpynnod koc Apruxa. Mayuenue atux npo-
6i1eM akTHBHO npofoxaercs (1996).

Jum.: Xopyxnii C. C., Beeaenne B anrebpanyeckyo KBaHTOBYIO
TeOpHIO HOJIA, M., 1986: Boronw6os H. H, Torynos A. A, Ok-
cak A. M., Tonopos H. T., OBwine HPHHUNIE KBAHTOBOH TEODHH
nojs, M., 1987. The algebraic theory of superselection sectors, ed. by
D, Kastler, Singapore, 1990; Haag R., Local quantum physics, B.,
1992, C. C. Xopyxcui.

CYTIEPITAPAMATHETH3M — kBa3HNapaMariaTHOe MNOBe-
JACMHE CHCTEM, COCTOAIUHX H3 COBOKYIHOCTH OYEHb MEJIKHX
deppo- wi deppuMarHITEBIX vacTHI (¢M. [Tapavaznemuim).
MaﬂblM HYACTHIIAM 3THX BELUECTB CBOHCTBEHHO OAHOAOMEHHOE
cocrositie (CM. Odrodomernsie yacmuysi) € OMOPOANOH caMo-
IPOH3BOJBHOH HAMATTIHUYCIIOCTEIO TO BCCMY OOBEMY YACTH-
L. IIpH AanbHEHIICM YMEHBILCHAH PA3MEPOBR 4aCTHL, HO NPY
COXPAHEHHH HAMATHHYENTHOCTH (T. €. MPH TeMI-pe Hike Kiopu
mouKu) BO3PACTAET BEPOSTHOCT] TEMIOBBIX (PIyKTYALMH OpH-
CHTALMH MUCHIMNNO20 MOMEHING M YACTHLBL. BEKTOP M OpA-
EHTHPYETCA BJIOJL JIETYANINErO HANPABJICHHA HAMATTIHYWBA-
HHA, ONPEIENIAEMOTO CyMMAPIIOH Mazrummol aruzomponuct
HaCTHAbI, TOITOMY ANA MOBOPOTa BekTopa M W3 9TOrO Hanpas-
JIeHHA NeobX0AMMO NPeoaoNET, sHepTeTHY. Gapbep ~ KV, rae
K— KOHCTaHTa CyMMapHOH ANMH3OTPONHH, ¥ — 00BEM HACTH-
b1, BekTop M MOKeT H3MEHHT: OPHEHTAIHIO, KOTAA Cp. MCP-
st 27 TENNOBbIX GUIYKTyalHH JeJaeTcA CONOCTaBHMON ¢ JHEP-
THed anu3oTponuu KV unu npessimaet eé: kT> KV, B THIH Y-
Hbix (eppo- win deppuMarnernkax K-~ 107 =108 3pr/em3,

T. o., nipu Temn-pe T~100 K (Bodsysana nocmoswnas
k~1071°% 3pr/K), xoraa kT~1071* pr, BAHANHE TEMIOBBIX
q)}'lyl(TyauHH CTdHOBHTLﬂ 3aMCTHBIM [JIA YACTHIL, 0OBEM K- PbIX
Menbie 1072'—107'7 om? (nuueit pasMeps It
10 um). TIpu JITHX yCHOBMSX MATH. MOMCHTHI MACTHIl BCIYT
cebf MO OTHOWNEHHIO K BOE}]GﬁCTBHK! BHEUI. MAarmn. InoJjs

{—

H u Temn-psl T HOBOGHO NMapaMArHATHOMY Ta3y ATOMOB WITH
MOJIEKYJT, ¢ TOH JIHIb DA3HHIEH. YTO B rase R PC3yJbTaTe
TEeNNOBHIX (IYKTYAUMHA (CTONKHOBEHMH) WIMEHAIOT TOJOXKe-
HHE H MPOCTPAHCTBEHHYKO OPHEHTAIIHIO CAMM MATHHTHO-AK-
THBHBIC ATOMBI (MOJICKYJIpE) RMECTE CO CBOHMH MOMEHTAMH,
TOT/1a KdK O;IHOLOMEHHRIE; heppo- HIH eppPHMATHHTHEIE Hac-
THUBI B TBEPAOM Telle OGTAIOTCA HENOABHKHBIMH, IPOHCXOANT
LG WIMEHEHHE L ODHCHTALUHH WX MarH, Momcnta M non
BIIMSIHHEM TCIIOBBIX GaykTyauni. HeemoTps Ha 3To pasnu-
une, 3hdexT oKaIbIBAETCS B OGOMX CITyHasX OMHMAKOBLIM, 3TO
u no3somuno buny (C.P. Bean, 1955) smectn Tepmun «C.»
[1]. Ha camMy BO3MOXHOCTb GPOYNOBCKOTO RPALIENHA MOMEH-~
TOB uacTHII Brepsuie ykazan JI. Heemb (L. Neel, 1949) [2].
T. 0., B cucTeMax ¢ C. 3eMEHTAPHBIMA IOCHTESMH MarHe-
TH3Ma SBJIAIOTCS TNE OTI, ATOMbI (MOJIEKYJEI), 4 MAKPOYACTH-
b1, copepwauue a0 10°—10° aToMOB. 3aBHCHMMOCTH OTHO-
CHT. NAMATHHYEHHOCTH M/M, cicteM ¢ C. (Mo — MarH. Hachl~
wenne npy 7=0 K) or H u 7, xak H AN napaMark. rasos,
Maétes d-noi Jlanxkencna

MjMo=cth(MH/ET)—kT/MH. (*)

B cuy Gonbinnx 3Ha4eHHH M B cHcTemax ¢ C. 3aBHCHMOCTB
(*) peanHiyeTcs B JIETKO JOCTHXHMBIX Honax H. Pasmep
4aCTHL € C MOXKHO ONPEACTHTh N0 H3MEPEHHIO HAYAIBHOTO
HaK.IOHA 32BHCHMOCTH (»), paBHoro M/3kT. MoxHo onpejne-
CIHTb KAK BPEMEHA pedaxcayuy MOMENTA, TAK U JIp. PABHOBEC-
Hble H KHHCTHY. MarH. XapakTepHCTHKH C.

THNHYHBIMH TIPHMEPAMH CHCTCM € C ABAOTCA CMJIABbI
MeaM ¢ k06anbToM (2% Co), MeKHe BBIICTEHHA Xene3a
B B-natynn (x0.1% Fe), crmaser Cu ¢ M, Au n Ni, ToHKHE
nopowky Ni, nek-poix geppumos  ap.

MeJIKHE OHOAOMEHHBIEC YACTHLBI MOTYT CYLIEETBOBATE He
TOJILKO B TBEP/OTEIBHBIX (heppo- A HEPPHMATTIHTHBIX CIJIaBAX
M COETHHEHHSX, HO H B MUZHUMHbBIX MCUOKOCMAX (CYCIEH3AAX),
K-phi€ TOJNYHAIOTCA QHCNEPTHPOBAHHEM (eppo- WM deppi-
MAarH. 4aCTHIT B OJJHO/IOMEHHOM COCTOAHHH B OGBIMHBIX KHa-
xocTax. Wmeuno B 3Tux cucremax C. Bnepebie Habmonancs
B. Babpmopom (W. Elmor, 1938) [3]. B cycHensun oanoomen-
HBIX YACTHL PABHOBECHOE pPACHPEAC/IEHHE MArH. MOMEHTOB
JAOCTHTACTCA BpPAILCHHEM CaMHX YaCTHL 6naro):lapsx HX 6poy-
HOBCKOMY ABHKEHHIO. B 3ToM cnyuae Bpems pesakcaunu
JAOJIKHO CYIECTBECHHO 3aBHCETh OT BA3ZKOCTH XHAKOCTH. Hako-
HEll ROIMOXKHBI €lI¢ KBAHTOBOMEXAIHY, HIMEHENHs OPHEHTa-
1[HH MOMEHTOB M YaCTHI (TyMHEJbHBIC NCPEXoabl, eM. Tin-
Heavnsili dfdexm).

HHTCpPECEH HE TOJBKO KaK CTCUM(MY. MArH. SBJIEHHC;
HeeacnoBaHWsa C. NOIBONAIOT ME3ABHCHMO ONPEaENHTL DAL
MarH. TapaMeTpoB, HaNp. TEMNCPAaTYPHbIH XOI CAMOMNpPOH3-
BOJTBHOH HaMATHWYEHHOCTH HiaH To4ky Kiopu. Kpome Toro,
n3ydedde C. OTKPBIBAET MOBblE BO3MOXHOCTH IS TOHKHX
CTPYKTYPHBIX HCCIENOBAHHH, MANp. B JAHCIEPCHOHHO TBEpIE-
IOILMX CT1aBax, NOCKoNbKy niyueHne C. nossonser paspabo-
TaTb BEChMA HYBETBHTEIIBHBIE HEMOBPEK/AIONIHE METOABI
OHPCHETEHHS PACTIPE/CACHHS 9aCTHU N0 pasMepaM, CocTap
BbmanamLueﬁ Mari. Q)asu B HAYaJbHbIX CTAAHAX eé Japoxie-
Hust u pocta. Bunom u dxexoScom (1956) Gbin paspaboTan
METOJI, AHANIOTHYHBIA TPAHYTIOMETPHH — OMPEACICHHE paIMe-
pPOB MENKMX (PepPOMATH. HYaCTHLl B KOJUTOHIMBIX PAETBOPAX
[4]. C. Takke NPHMEHACTCA W TPH M3Y4EHHH MArHETH3Ma
TOPIbIX NOPOJ.

JI. Heenp [5] nokasas, 4To MeIKHe 4acTHLLL AHTH(eppoMa-
THETHKOB (HaM. ~5 NM) Takwe 06:1anaroT 0COOBIMH Maril.
CBOWCTBAMH, TOXOXHUMH Ha C., MOCKObKY B ITHX NMPOHCXPAHT
HapylIeHHe TONHOH KOMHEHCALHH MOMEHTOB Mark. nonpetié-
TOK —OHH Be/IyT Cebsi Npu 3TOM Kak (eppHMard. HacTHIb!
B cocTosiiun C. [1na MeHee MeJIKHX aHTH(QEePPOMArH. YaCcTHI
Heens npeackasat sBaenne, otiavunoe ot C., M naszpaj ero
cynepauTueppoMarueTHiMoM. B 3Tux yacTuumax
Cl.llé HE HApYINEHd TIOJTHAA KOMIICHCAUHA MOMEHTOB nonpeu.lé-
ToK. HO €c/tn mOBEPXHOCTD 4ACTHIL MMERT BHI XOPOLLO Pa3BH-
THIX KPHCTaIOrpaduy. MaOCKOCTCH M eCJIH: Y YACTH H3 HHX
y31bl NPHHALNEXAT K OJHOMY H3 THIIOB MarH. MOAPEMIETOK
(heppOMATH. TUTOCKOCTB), TO WX MATH. CBOHCTBA OKA3bIBAIOTCH
3aBUCALIAMM OT YHCJIA 3THX MAOCKOCTeH. B dacTHue. [Ipn
HEuETHOM uMCNe IUIOCKOCTeil vacThnbl ofaaaator C.. mpu
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YETHOM — Ha4aJbHdA dHTH(EPPOMArH.  BOCIPHHMYHBOCTH
{npr H=0) wacTu BO3pacTacT BABOE MO CPABHEHHIO C Mac-
CHBIBIM 0Gpa3IIOM M CTPEeMHTCH K OOBIYHOMY 3HAYEHHIO € PO-
CTOM MOJS (IOK4338HO IKCTIEPHMEHTANILHO HA HACTHIIAX AHTH-
teppomarreTnka NiO [5]). C. Mpencrasnser HnTepec Taxke
B CBA3H C HCC/ENOBAMMAMH NONHKPYETanios [6].

Jlum.: 1) Bean C. P., Hysteresis loops of.mixtures of ferromagnetic
micropowders, «J. Appl. Phys.», 1955, v. 26, p, 138t; Bean C. P.,
Livingston J. D., Superparamagnetism, «J. Appl. Phys.», Suppl..
1959, v. 30, Ne 4, p. 120; 2) Néel L., Influence des Auctuations ther-
miques sur ['aimantation de grains fen‘omagneuques trés fins, «Compt.
Rend. Acad. Scix, 1949, v. 228, Mo 8, D 664; ero we, Theorie du
trainage des ferr gné lquc en grains fins avee applica-
tion aux terres emu.s, «Ann. Geophys.», 1949 v. 5 N 2,p. 99 3) El-
more W. C., Ferr colloids forstydy ie structures,
«Phys. Rev.», 1938 v. 54, p.309; ero_xe, The magnetization of
Ienomagneuc collonds Tam )xe p. 1092; 4) BeanC.P,JacobsL S.,
Magnetic granul ry and super i «l, Appl Phys., 1956
v. 27, p. 1448; 5) Néel L., Superparamagnétisme des grains trés fins
dnllferromﬂgnelxques «Cumpl Rend. Acad. Sci», 1961, v. 252, Ne 26,
p. 4075, 1961, v. 253, Ne 1, p. 9; 1962, v. 254, Ne 4, p. 598; 6) Tpymst
Mexﬂyuaponﬂoﬁ xombepeﬂuuu o Marﬂe'ruzmy—94, Bapmasa‘ cex-
uus D 32, Poznan, 1994, ¢. 502. C. B. Boucoscxuii.

CYTIEPITO3ULHMH TTPUHUMII (wanoXeHHs MPHHIHI)—
1) nonyiieuHe, COTIACHO K-pOMY pe3ysTHpylowmi ekt
BO3JEHCTBHA HECK. MPOLECCOB (Hamp., KoJeOaTeabHbiX)  mpen-
CTaBnseT cOGOH CyMMy 3(GheKTOB, BRI3LIBAEMBIX BO3ACHCTBH-
€M K4#/10ro mpollecca B OTACNLHOCTH, NPH YCJOBHH, 4TO
TOCIEAHAE B3dHMHO HE BJHSAIOT JAPYr Ha Apyra. C. I CTporo
UPHMEHHM HIIL K CHCTEMaM, NIOBE/ICHHE K-DhIX ONHCHIBAETCS
JIMHEH COOTHC (T. H. cmrreMLx)
Hanp., ecn epcaa, B k-poif pacpocTpaHaeTCa BOTHA, THHEH-
Ha, T.¢. ef CBOHCTBA HE MEHSAIOTCA MO/ ACHCTBHEM BO3MYLle-
HHH, CO3/aBAa€MBIX BOJHOH, TO BCE IPPEKTH, BhIIbIBAEMBIC
NET4PMOHHY. BOJIHOH, MOTYT OBITh OMpEACHenbl Kak CyMMa
3GEKTOB, CO3NABACMBIX KaXAOH H3 €€ rapMOHHH. COCTABIS-
roumx. C. n. urpaer Gonbliyio pojib B TECOPHH koneGaHHi,
TEOPHH LENEH H Ap. pa3ienax (HpHIMKH H TEXHHKH.

B. B. Muzyaun.

2) B TeopHH KJIacCHY. mojieit H B KBaHTOBOH TeopuH C. n.—
TIONIOKEHHE, COrNACHO K-POMY CYNEpNO3HUHA (T.e. pedylbTaT
€yMMHPOBAHHS, HATOKENHA JPYT 1A Apyra) MoOLIX AOMYCTH-
MBIX B JIAHHBIX YCIOBHAX COCTOSMHA (M3, CHCTEMBI (AIH BO3-
MOXHBIX IIpOleCEOB B HEH) ABJAETES TAKXKE JIOMYCTHMBIM
COCTOSNHEM (HIIH COOTBETCTBEHHO BO3MOXHBIM MPOLECCOM).
Tak, xnaceuy. j1.-MarH. noje B Bakyyme yaosnersopseT C. mw.:
CyMMa J:o60ro 9HCna GHIMYCCKH peaiu3yeMblX mojield ecThb
Takke (PHIHUECKH pealH3yeMoe J-MarH. noxe. B cuny C. m.
JJIL-MarH. 1OJe, CO3AaHHOE COBOKYIHOCTBIO 3NEKTPHY. »3aps-
JIOB H TOKOB, PaBHO CYMME NOJIEH, CO3/IaBAEMBIX ITHMH 3aps-
AaMu H TOKAMH 10 OTAENBHOCTH. CiaGoe rpasuTan. mnoie
TakXe ¢ XOPOINEH TOYHOCTHEO MoaYHHscTea C. .

B knaccuu. puinke C. B — npuOIMKEHHbIA, OH BLITEXACT W3
TMHEHHOCTH Yp-HHH JBHXCHHS COOTBETCTBYIOLIHX CHCTEM (4TO
oORIYHO ABNAETCA XOpOWKHM ﬂp"6ﬂH)KClﬂ{eM AN ONHCAHHA
PeanbHBIX CHCTCM), Hanp. Maxceeada ypagrenuii AT 31.-MarH.
10715 B NyCTOTE. TIpH OTKJIOHENHAX OT JIHIEHHOCTH 06MapyXKH-
BAKOTCH NAPDYLICHHS C.m TH,K, AOCTATOYHO CUIIBHQE TPABUTAL.
nose He yAoBJeTBOPseT C. M., NOCKOJBKY OHO ONHCHIBAGTCS
HETHHEAHBIMH Yp-HHAMHM DHHIITERHA (cM. TRzomenue); Mak-
POCKONHAYECKOE 3J1.-MarH. moJji€ B BEUIECTBE, CTPOTO roBOpS,
Takxke ne noadaHsercs C. M. B CHIYy 3aBHCHMOCTH (HHOTZa
CYLUECTBEHHOM) NHINEKTPHY. M Mard. MPONHIAeMOCTed OT
BICII. 1OAS (Hanp., B (eppoMarHeTHKe, NA3ePHbIX MAaTEPH-
alax) H T. 4.

B xBanTopoi Mexanuke C. M. —(byHnaM, TPHALKIL, OMHH H3

GyJ]CT H CYNEPNO3HIIHA ITHX COCTO)IHHﬁ, T. €. COCTOSHHE, ONH-
ChIBAEMOE BOJIHOBOH (-IMel:

Y=cbitealt o e, ()

TOE ¢y, ¢35 ..., C,—TIPOH3BOJBLHBIE KOMIJIEKCHBIC YHCna. M3
C. . cneayer, 4to mobHag BonwoBas $-1As MOXET OuITh pas-
JNoXeHa B CyMMY (BooOluie ToBops, OeckoHEuHylo) cobcrs.
¢-umii onepaTopa moboit (hH3. BETHYHMEL; PH 3TOM KBAIPATh
MonyJieif K03 B pa3NONKEHHH HMEIOT CMBICI BEPOSTHOCTEH
OGHAPYXHTb Ha OMNBITE COOTBETCTBYIOLIHE 3HAYCHHS 3TOH Be-
JiH4HNEI, CYNEPIO3HUMA COCTOAHME (%) OMpeNenIeTCs He TONb-
KO MOAYNAMH K03]. ¢, HO H HX OTHOCHT. Pa3aMH, MOFTOMY
OMa O3HAYAET MHTEPPEPEHUHIO COCTORHHIH Bo3smoxHOCTB
Tako# MHTepdEpEHIUH NpogBseTCd, Nanp., B 0u¢paxuua~~am
pacceanuu MukpouacTHn. Kpawrosbii C. n. numén Harmsam-
HOCTH, XapaKTepnoH aus C. 1. B kNaccHy. HHIMKE, T. K. B KBaH-
TOBOH TEODHH B CYTMEPNOZHIHH YYACTBYIOT (CKIaAbIBAJOTCH)
AIbTEPHATHBHBIE, C KJIAECHY. TOYKH 3DEHHS B3aHMOHCKIIIOYA-
rolHe Apyr apyra, coctosuHs. C. . OTpaXaeT BOJIHOBYHO
NPHPOAY MHKDOYACTHIL.

B pensTHBHCTCKON KBAaHTOBOW TEODHH, paccMAaTpHBarollei
TIPOLIECCH, B K-PBIX MOTYT I[POHCXOJMTh B3aHMOHDEBPAILEHHS
sacTan, C. H. AoJXKeH ObITh QOMQJHEH T. H. cynepombopa npa-
guiamu. Hamp., CyNepno3sHLHA COCTOSHHM C Da3HBIMH 3Hdue-
HHAMH 37IEKTPHYECKOro, GapHOMHOTO, NENTONNOro 3apsjoB
(H3HYECKH HE PEAsIH3YEMBI, HX CYLIECTBOBAHHE O3HA4ano Obl,
4TO NpPH HIMEPEHHH, HANp., 3MEKTPHY. 3apA/la KBAHTOBOH
CHCTEMBI MOXHO C ONpE/EN. BEPOATHOCTBIO MOJYYHTh pa3HbIE
€T0 3HAYENHS, YTO MPOTHBODEUHT ONBITY. [T03TOMY OHepaToO-
PhI M3, BETHYHH HE JOJIKHBI MEHATH 3apAibl. ITO HaKJIa/Ibl-
BAET Ha MATPHYHEIE JJEMEHTHI OTIEPATOPOB OMpENEN. OrPaHH-
YEeHHA, K-phi€ H Ha3. IPaBHJIaMH CyllepoT6opa.

Jlum. cM. HPH CT. Keuimuoeas Mexanuxd.

CYINEPITO3ULIMM COCTOSHHIR ITPHHLUMIT— BaxHeit-
IIHH HOCTYNAT K6AHMOBOi MeXaHuKu, JeKallHi B ocrnobe €€
¢u3. cogepxaHHA H MaTeM. anmapara. HeoSxogmmocts
C. ¢. m. 06yCnoBIENa KOPNyCKY ARPHO-80AHOGBIM OYATUIMOM —
BCceOOUIMM M YHHBEpCAIBHBIM CBOHCTBOM npHpoasl. C. c. m.
NO3BOJIAET YCTPAHHTL MPOTHBOPEYHE MEK 1Y BOJIOBLIM H KOD-
TYCKYJIAPHBIM ONHCANAEM ABJIENH# (CYLIECTBOBABLIHM B PaM-
Kax KJACCHY. NPEACTABIEHHH O 4aCTHLAX KaK MATEPHANLHRIX
TOYKax, ABHXYILHMXCA HO ONpEAeII. Tpael(TOpl”lM) H ONHCATH
BOJIHOBBIC AIBJICHHA B TEPMHHAX KOPIYCKYJISPHBIX PEACTABJIE-
uui. Corylacnio C. ¢. 1., THneiHas €yNEepNo3HUH MoObIX BO3-
MOXHBIX COCTOSHMH CHCTEMBI, B3SThIX C HPOH3BOJBHBIME
(KOMILICKCHBIMH) KO3D., ABJISETCS TAKXKe BOIMONHBIM COCTOS-
HHEM cHeTeMBl (MoApobHee CM. B CT. K@anmogas mexanuxkay.

CYMNEPNIO3UUHOHHOE TNPHUBJIWXEHHE —npu6n-
KEMHBIH MCTO 06pBIBA LIETOYEK yp- -HHH JU1s1 KOPPEJTALHOHIBIX
G-unit B knacend. emamucmuueckoli guauxe. Tipennoxen Jx.
Kupxsynom (J. Kirkwood, 1935). Cormacwo C. m., Tpéxua-
CTHYHAS KOPPEAAYUORMAA ByHKyusA DACTIDENCTICTIHS MOJIEKYT
F3{ry, ry, r3) Moxer ObiTh NpHOIMKEHNO BBIpaXena dYepes
TIApHBIE KOPPEIANHOHHbIE Q-1uH F,(r, 1), re i, k=1,"2, 3,
F3(ri,ra, ry)=Fylri r2) Fo(rs, r3) Fa(ry, r3), i—xoopauua-

TBI LEHTPa MACC B3AHMOICHCTBYIOIIHX MOJIEKYJ.

C. n. KupkBya IHPOKO HCMONL30BANOCH B CTATHCTHY. TEO-
PHH Hcudkocmeii, XOTS TPYAHO 0GOCHOBATDL €ro TEOPETHYECKH
HIH YCTAHOBHTB 0651acTh ero npuMenumoctd. M3 C. m. cre-
AYET, YTO NOTEHUHAN CP. CHJl, ACHCTBYIOIIMX HA HEK-PYIO (PHK-
CHPDOBAHHYHO FPYNIY MOJIEKY]T XHAKOCTH, QAAHTHBHO CKJIAAbI-
BAETCA H3 MAPHKIX MOTEHLUHATIOB Cp. CHI. TepMuu «C. m.» CBA-
3aH ¢ 3THM cBOicTBOM. C momompio C. . MOXHO NOJTY4HTh

He. e WHTETpanbHOe yp-Hue Aus F,(r; ri) (BopHa—

0. H. 3agbasos.

OCH. MOCTYNa10B, ONpPEACIAOIHH BMecTe ¢ AERKO-
cmeti CoOMmHIenHem CTPYKTYPbI MaTEM. anmiapata TBOP“H Ha
C. n. caeayeT, uTo COCTOSHHA KBAUTOBOMEXAHHH. CHCTEMBI
HAOJIKHRI H306pa)KaTl:Cil BCKTOPBMH JIHHEHRHOTO npoc‘rpaue‘n;a
{cM. KsaHmogas mexaHuxa), B 9ACTHOCTH 40AHOGHIMU gﬁyuxuu-
AMU, UTO onepamopel d)}l3 BEJIHYHH JOJIKHBI ObITH TTHHEHHRIMH
d T. 4. C. o yTBepXAaeT, uTO eCAH KBAHTOBOMEXANWHY. CHC~
TEMa MOXET HAXOAMTLCA B COCTOSHHAX, ONMMCHIBAEMBIX BOJHO-
BBIMH (-IHAMH g, V..., V,, TO (H3HYECKH AOMYCTHMOH

Tpuna— WMwoua yp-niue u zunepyeniioe ypagnenue). ITH yp-Hus
NPHBOAAT K NPHOTHXKEHHOMY yPAGHERWIO COCMOAHUA A
TUIOTHBIX Ta30B H XUAKOCTEH B 00NACTH, rAC ClpaBeniHBa
KJIACCHY. MEXAHHKa.

Jum.; Banecky P., PaBHopecHas H HepABHOBeCHAS CTATHCTHYECKAS
MEXaHHKA, nep. ¢ aHrn., 1. 1, M., 1978 rn. 7. H. 3y6apes.
CYTNEPHOJE —cm.  Cynepcummempus,  Cynepnpocmpait-

cmeo.



CYHEPHPOCTPAHCTBO—pacmupel-moe TIPOCTPAHCTBO
B TCOPHH CynepcuMmenipuu, K-poe KpomMe OOBbIMHBIX TIPOCTPAH-
CTBEHHO-BPEMEHHEIX KOOD/IMHAT BKJIIOYACT TAKKE CIHHOPHBIE
KOOD/JHHATHI,

CuuHOpHEIE TIEPEMEHHbIE 8% aHTHKOMMYTHPYIOT ADYT C APY-
TOM H KOMMYTHPYIOT ¢ KOOPIHHAaTAMH npoc-rpanc-rna-npeme—
HH x"

6°00 1 9P0* =0,
x*8P—0Pxr=0, pu=

M MO3TOMY OHM MOTYT PACCMATPHBAThcH KAaK MEYETHhIE 00-
paayiouiHe Hek-pod [paccMana aieebpul, YETHHIMH OOpa3yio-
INHMH K-PON CNyXaT KOOpAHHATEI x*. QTCI0Ofa Ha3BaHHE ANA
8" —rpaccMaHOBbL KOODAHMHATH. AHTHKOMMYTATHB-
HOCTh 0% Heobxoauma anf 0GecneyeHHS NPABHIBLHON CBA3M
CTMHA H CTATHCTHKH. BaxToe ClIeNCTBHE AHTHKOMMYTATHB-
HOCTH I'pACCMAHOBBIX MEPEMEHHAIX — HX HHJIBIIOTEHTHOCTD!
(61)2
Konnenma C. HrpacT KJIKOYEBYIO pPoSb B CYMePCHMMETPHA
[t—6): rpynna npeoGpa3oBaHMil CynepcHMMETPHH HMeeT
ectecTB. peanusaumio B C. Kak Ipynna ero JABHWXeHHH, a cooT-
BETCTBYIOLLIHE cynepmy dbmungemst KOMINAKTIIO TIPCACTaB/A-
wTes cynepnoaaMu [2]—d-uname, 3aaanusivu na C.
N-pacmmpennast cynepenMmeTpus [Tlyankape nau®. mps-
rguM obpazoM MoxeT GuITh peanusobaHa B BemecTs. C. [1—

L, B=1, 2;
: g, 1,23, M

0 nas moboro o. 2)

RN =[xk, 0%, 8%} ©)

c4 ‘léTH!:ll\jH KoOpAMHATaMH x* H 4N HeuETILIMH KOOpDAHHA-
Tamu 0%, 05, o, a=1, 2, /, j=1,2, ., N [9"2(9“1) r—
3PMHTOBO CONPSDKEHHE |. Héuénrie KOOp}]HHaTbI ABIAIOTCE
JIBYXKOMITOTICHTHBIMK  BeiiieBckuMH  cnrHopamH (1/2, 0) B
0, 1/2) Jlopenya 2pynnet m upeoGpa3yloTC COOTBETCTBENHO
MO0 KBapKOBOMY (BEpX. JIATHIICKHE HHICKC) H aHTHKBAPKOBO-
My (HHX. NaTHHCKHI HHICKC) NPEICTABNCHHAM YHHTAPHOH
Ipynnel  apToMopdHIMOB U(N) pacliMpeHHOR CyNepeHM-
METDHH.

TipeoGpasopanns CynepeHMMETpPHH Hal koopnuHaTame C.
(CYnepcIBHIH) HMEIOT BHI

Sxr=i(e**(0¥),,8)—0** o}y El),
i o i3 £ (4)
80%'=¢*, 607=¢3,

rae £%, £5— aHTHKOMMYTHPYIOIIHE CIIMHOPHLIE TIAPAMETPHL,
ot=(/, cs, a— [Mayau mampuyy, [— eANNAYHAS MAaTpPHIA.
TRHepaTopbl cynepcusurob (4) npeacrasnsiorcs auddepeHd.
onepatopamu Ha C. (3):

i

Qui= i 39m+(° )uﬁe O
- (5)

gi= - a*é;—(_3"’(0“)(,”;[6M
P,=id,

=0/0x") u BMecTe ¢ TECHEPATOPOM TDAHCIALMA
oé‘pasywr anrebpy N-pacIUHpeHHOH CYNepCHMMETPHH hyaﬂ-

{Qui, O} =28(c¥)sp P,
{Qun, Quiy =104 04}=0

(rre 5{ —crmpon Kponekepa). ([Tonnas cynepanre6pa Iyan-
X2pe BEJIOYACT Takke anreGpbl rpynnsl JIOpeHUa H rpynmsl
2BTOMOPGHIMOB.)

OIHOH H TOH Xe CYNMeprpynibl MOXeT OhITh HECK. Pa3JIHY-
Bhix C., B X-phIX 0HA feRCTBYeT Kak I'pynna abixeHu#. Hanp.,
B ciysae N=1 paxnyio pons B (u3. npunoxenuxx HIpaeT
XOMIUTeKCHOe kHpanbHoe (eBoe, L) C. C*2, comepxaiuee
B2 D492 MeHbLUE CIMHOPHBIX MEPEMEHTILIX, e ‘BemecTpentoe

s

C. R4

6

C*?={x{, 03} ()
Ono cozepxuT R4'* Kak BEUNCCTBEHHYIO THOEPIOBEPXHOCTb.

JIns 010CKOTO MPOCTPAHCTBA YCOBHA BiiokeHus R** B €412
HMEFOT BH/L

x§ =x*+i0%(5") 0%,
@*=03.

by
[pr N> | Takxke cyimedtsytoT kupanbhpie C. €42¥ ognaxo
AACKBATHEIMI ¢u3.. TEOpHAMH OKa3bIBAIOTCA HE OHM M He
R**¥ a ananuTHveckue rapmoununyeckue C. (cm.

@®)

HHXeE).

Cynepnonsn —¢d-nunt va C. [2,4—6]. Ouu npeacTaBiastoT
coBo# xoMnaxkTHyIO GOpMY 3aNHCH CYNEPMYIbTHIIETOB. Tlo-
JI, COCTABJIAKIINHE CYNEPpMYJIbTUILIET, BOIHHKAIOT Kak K03¢.
PAIONKENHS CYNEeproNieil M0 CTENeHAM IPACCMAHOBRIX KOOp-
JAHHAT, U3-32 HUIBNOTEHTNOCTH MOCHEAHUX 3TH pa3diOXeHHA
O6pPLIBAIOTCA TIa KOHEYNOM YHcne wieHoB. [Ipeo6pa3oBaHHA
CYNCPCHMMCTPHH 3@8MBIKaIOTCA Ha CYNEPINIOJIAX BOE MaccoBoH
TIOBEPXHOCTH, T. €. 6€3 MCHOB30BAaHHA Yp-HHil Aswxenud, He-
OGXOH"MB[C AN 3ITOH Ued BCOOMOraTEldbHRE NOTHA
4BTOMATHYECKH NPHCYTCTBYIOT B DPAdJIOKEHHAX cynepnoseit
Hapsidy ¢ ¢u3. noysAMH. 3TO obecneyHBaeT HE3aBHCHMOCTH
BHA2 Npeobpa3oBaHHil CynepCMMMCTDHHM OT paccMaTpHBae-
MOH MozesH Baaumoueucnm

Cynepnone va C. R*!

D(x, 0, B)=0 (x)+ 0w (9)+ 8, ¥ (x) + .. ©)
[rae ¢ (x) — cKanfpHoe, Y4 (x), ¥ (x)— BeiieBcKHE CTHHOP-
HbIE 110,11 | COAEPKHT B obmeM ciyyae 2*¥ Go30NHbIX U CTONB-
KO X€ PePMHONMBIX KOMIIOHEHT (JUI BEINECTBEMHBIX CYNEpIo-
neit 3T0 YKCIO YMeENbILACTCH BJIBOC) KHEMI:HHC cyHepnoml
onpeaenénnble Ha kommiekcnioM C. C*1% wim conpsokéHHOM
K HEMy, ¢ TNEoGXOQMMOCTBIO KOMIUIEKCHH. OHH coaepxar
2 x 22N creneneii cBoG0ABI (IOCKONEKY B HHX BXOZAT JHE0 0%,
1160 8%). KOMNOHEHTNLIE OIS, CTOSIIME B CYNEPIOJIE B Cla-
TaeMBIX ¢ OTJIHYAIOIIEHCS 1A EUIHLY CTENEHbIO 0, passinua-
FOTCA CIHIOM HIM COHPaJbHOCTBIO Ha !/, M rpaccManopoi
uCTHOCcThIO. [1pcoGpa3oBaHHA CyNEPCHMMETPHH KOMIIAKTHO
NpeacTaBNAoTCs -0k

8D(x, 6, 0)=1(e*'Q,,— 50} 0 (x, 8, 8). (10)
Cynepnone MOXET HMETh BHEIlL JIODEHNOB HHAEKC H MHIEKC
IPYNNLI ABTOMOPOH3MOB CYNEPCHMMETPHH, 4 TAaKke HHIAEKC
K.-JI. DY 8HYMPEHHET CuMMenipuu.

B o61cM cydae CyncproNs CONEPXAT Heck. CynepMyJbTH-
wietos. Hanp., setiectserHoe N=1 cynepnone

®(x, 0, 0)=(p(x)+9“¢lu(,r)+§u-\1"i(x)+
+(0%00) F(x)+ (8:0%) F(x)—1050.4,(x) +
+i020,1%(x) —i020°A,(x)+0282D(x)
(67=0°0,=¢70,6,;
82=(0%); e'2=—e?'=1) (11

CONEPXHT CKAJISPHLIA H BEKTOPHBIA [Blqualoumﬁ BEKTOPHOE
none A,(x)] CynepMy BTHIUIETH BHE MAaccOBOH TOBEPXHO-
crH (3nechk @, £, D— NPOHIBONILHBIC CKAISPHBIE NOJA, A, 1 Ay,
k"_(l“)‘—npoﬂsnom’ﬂue BEKTOPHOE H CIMHODHBIE no:m)
TIpOCTeHIIHM NETIPHBOTHMBIM CYNEPTIONEM SBISETCA KMDATb-
Hoe N =1 cynepnone

@ (xr, 8) =0 (x,) +0%,(x,) +6876,F(x,), (12)
ONUCBIBAIOINCE CKATAPHBIA V=1 CynepMyIbTHIIET BHE Mac-
COBO# MOBEPXHOCTH. DTOT CYNEPMYJIbTHILTIET BKIIIOYAET B Ceba
JBa BEILLUCCTBEHHRIX TIOJI — CKAJIIPHOE H HCCBZIOCI(MRPHOC
@(x)=A(x )+iB(x.) (cun 0), cnuHop V,(x.) (cnrm 1/2)
M B2 BELIECTBEHHBIX BCIIOMOTAT. TMOJA:

Flxp)=Fi(x ) +iFax.)

Kax B TIONA B NPOCTPAHCTBE MUHKOBCKOTO, CYHEPNOJNA
xaccud YIOTCH IO CcooTReTCTByIOWNX Kasu-
Mupa onepamopod, TOCTPOCHHEIX H3 TENepaTopoB IPYNMbI Cy-
nepciMMeTpar [2, 4—8]. KBaHTOBRIME YHCIAMH, HMEIOLIH-
MH CMBIC]T BHE MacCOBOH NOBEPXHOCTH, ABJIAIOTCA CYMep-
cnuK Y M CYyNnepH3OCNHH /, Xx-pble 0606ma0T MOKATHN
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CTHHA M H3OCIHMHE OOBMHBIX MOJICH (HHCIO ONEPATOPOB CYIIEp-
H30CIIHHA B OGILeM CIIydde PABHO PAHTY TPYHIIbl aBTOMOPQH3-
MoB). CYNepcnHn /IaHHOTO CylEPMYJIBLTHILUIETA COBMAdAeT
C HH3IUAM 3HAYCHHEM €NHHA y H3. KOMIOHCHTHBIX IOJeH.
Hanp., kupansuoe cynepnone (12) umeer ¥=0, a N=1 cynep-
none @;(x, 6, 0), wenpusBoAMMOe nO cnuny J, COACPKUT
4ETBIPE HETIPHBOAHMBIX €YNEpMYJIbTHILICTa ¢ Y=J—1/2,J, J,
J+1/2. B yacThocTH, cyneproe {11) COAEpXHT MyIbTHIUIETEL
¢ cynepcnHHaMH 0 (aBaxael) H 1/2. TIpocTeie npaBHia noAcyé-
Ta CYLUESTBYIOT H ANS CYNEpPH30CcNHHOB. Hamnp., cynepu3ocnHa
HEHPHBOJHMOTO N =2 eynepMy]bTHIJIETa PaBel HIOCIHHY
COCTOSIHHSA C HAHBRLICIITHM CIIHIIOM [

Brijenense M3 cynepHoJIcH HENPHBOAMMBIX TIPEACTABICHHH
OCYIIECTBIIACTCA, KaK U B Clyqae OObIYHBIX TOJIEH, THOO HalO-
XEHHEM JIOTIONIHUT. YCJOBHH (YCTPAHMIOUMX JHIUHHE Cynep-
cnHub), MH60 32 cHET TPEGOBAHHSA KAAUOPOSOUHOU uHBAPU-
anwmuocmu. Y1061 YCIOBHA HENPHBOAMMOCTH OBIIH KOBAapH-
AHTHBI OTHOCHTENMBPHO Cy"epCHMMCTpHH, OnH MOJDKHBL
CTPOHTBCA H3 KOBapHaHTHBIX AH(depenu. omeparopos. Ta-
KHMH OfEPaTOpaMH HABIAKOTCA KOBAPHAHTHBIC CﬂHHDthle
HPOH3BOTIEIC

D=

B
e i(e)002,

13)

4107 (0¥)p30,.

é
L
Ony aHTHKOMMyTprIOT C reHepaTopaMH TpYNIRI CYNEpCHM-
MeTpuH (4) H 06pasyloT cynepanrebpy, usomopuyro (5)

{D.. DL} :m}{(ov),ﬁaw

air Dpjy

a4

INpocrefiimmu 1 Haub. reoMeTPHYNLIMH ABJIAIOTCE YCIIO-
BHS, JTHHEHHEIE TI0 CHENIOPHBIM IIPOH3BOIHAIM, HATIp. YCIOBHA
N=1 xupanbHocTH, BeiAeasioute B P(x, 0, 6) HenpuBoAHMBEIE
HaCTH C CYHCPCTTHHOM 0:

D,®(x, 8, 0)=0=>0=0(x,, 6)

_ _ (15)
D d(x, 8, 0)=0=0=F(xg, B),

xp=(x¥)" =x*—i0c"B.

YenoBHst TAKOTO THIA BBIPAXKAIOT ANIANMTHYHOCT N0 rPaccMa-
HOBBIM TIEPEMEHIBIM {(TPAECMAaHOBY amaHTHYHOCTE) [9], T.K.
OIH PENIAIOTCA Yepe3 CYNEPNos, onpeacnénnpie Ha C. ¢ MEeHb-
LIMM YHMCJIOM IPaccManoBhix o6pasyiolnx [B npHmepe (15) —
na N= 1 kupanbuom C.]. [pAnuun coxpaHenus MOHATHA rpace-
MAroBOR aNaTHTHYHOCTH JTEXHKT B OCIOBE CYNEPNONEBOH reo-
METPHH ﬁﬂﬂblllHHCTBa H3BECTNBIX CYNMEPEHMMETPHYHBIX TEO-
puit (naHp., noneR SHra— MHuIICa, TIOAeH MATEPHH, cynep-
zpasumanuu).

Bo3MOXHEI U ycrnoBHsS Gonice BHICOKOrO MOPAAKA MO CIH-
HOPHBIM poH3BoANEM. Hanp., MaccHBIBIH BEKTOPHBIA N=1
%nipmi'nbmnnﬂ {cynepcnmh !f;) BHIAENSETCS YCIOBRAMM

4,7

D*D,0(x, 0, 8)=D;D*d(x, 8, 8)=0;
O=0",

K-pbI€ CIEAYIOT H3 COOTBETETBYIOLIHX CyﬂCpﬂOJ’lCBle yp-HHﬁ
JIBIXKEHHS H CONEPXAT OOBIYHOE YCITOBHE IOHEPEYHOETH JUIA
BexToprnoro nons A*A,(x)=0. TakuM ke YCIOBHAM (OAHAKO
BHE MAcCOBOH NOBEPXIOCTH) yAOBJICTBOPSET H HANPSKEH-
HOCTb TEH30pHOro N=1 CyncpMyJbTHIIETa, BKIHOYAIOLIEro
T.H. HOTO() — KanuGpPOBOUHLIK ANTHCUMMETPUYHEIE Ten30p,
OMHCHIBAIOILMIA TOJIc HYJIEBOH CAHMpPaJbIOCTH HAa MAacCoBOH
MOBEPXHOCTH.

Cwmblcn ycnobuit (15) HiM (16) CTAHOBHTCA SICHBIM, €CIIH
BMECTO HapYWIAIOLIEH ABNYIO CYNEPCHMMETDHIO TIPOLERYPHI
Pa3NoXeNMA Cyneprnoje Ha KOMIOMENTIbIE NMONS NONb3O-
BATHCA KOBaPHAHTHRIM METOAOM mpoekumit [5]. HMues aroro
METOZa COCTOHT B TOM, YTOGK BMECTE € HCXOAHBLIM cynepno-
JIEM PacCMATPHBATD H BCE €70 CYNEPHOJICBhIE IPOCKLHH, NOJTY-
HaeMble JEHCTBHEM Ha HErO BCeX BOIMOXHBIX CTemeHei CIH-
HODHBIX TIPOH3BOAHBIX. [1OCKONBKY KaXias TakKas MPOCKIHA

(16)

MAaYHHAETCA ¢ COOTBETCTBYIOWIEH KOMIIOHEHTHI Pa3JIOXKEHHsA 1O
0 HCXOAHOTO CYNEPIONS, HATP.:

(P(XL, e)|a:u:¢(x), Du‘P(XL, 9)|a>0:‘«|»'a(x), e

To MX 1mabop MOJHOCTBIO 3KBHBANGHTECH HabOpy HCXOMBIX
KOMIIOHEHTHBIX NoJiell. KoBapuauTHsle ycaoBus Thna (15) Hiau
(16) HCKII04AK0T, IPHPABHABAS IYJIIO, BCE CYNEPTIONEBLIE IIPO-
€KIMH, KPOME TEX, K-Phle COCTABIAIOT AAHHBIH NENPHBOAHMELH
CYNEPMYJIBTHILIET.

Jp. cnoco6 o0cBOGOAMTECS OT JIMILHHX TONeH €OCTOHT
B TOM, 4TOOB CAeNaTh X XanmwOpopounmimu. Tax, Bemle-
cTBEHHOE ckansphoe N=1 cyuepnoje (11) ¢ xannbposouHoii
rpynnoi

V'(x, 8, B)=V(x, 0, 0)+[A(x., 0)—X(xz, )] an

(rme A —npou3sonbHas kanubposouuas cynepdyHKlks) onu-
chlBaeT abenen kanubpoBounbIil N =1 cynepMyabTHIUIET [npe-
obpaszoBanus (17) BKIOHAIOT 0OLIMHOE KaAudposoutoe npeo6-
pasosanue BexTopHOTro Nost ). On 061aaaeT cyneperiHHoM 1/,
CYNEPMYJIBTHIIIETEI € HYJIEBLIMH Cyl‘lepCl’lHl’laMH CTAHOBATCA
HHCTO KATHOPOBOUYHBIMH H MOTYT ObITb HCKIFOYEHh BLIGOPOM
kaauOposxu. HenpHBOAMMBIH COCTaB TAKHX KaJMGPOBOYHBIX
cynepnunei& yﬂOﬁHO anaiu3HpoBaTh, npnpannm;an Hynmo BCE
KOMIIOHEHTRI, CABHTAIOLIAECA Ha IPOM3BOJBHBIE (-IMH TIpH
xanuGposounsix mpeobpazobaHusax (B T.H. kanuOpobke Bec-
ca— 3ymuHo) [4—6]. Kannbposka Becea —3ymuno ans cy-
nepnona (17) umeer san

Voi(x, 0, )=
— 52072, (x)+ 025D (x).

3aech A (x) 1 %p{x), X*(x)—nona poTona u dorHHO (Cynep-
CHMMETPHYHOrO IapTHEPa POTOHA), D(x) — BCIOMOTAT. TIOJTE.
C yuéToM ocTaTounoH KanHOPOBOYHOH HIBAPHAHTHOCTH
A,—A,+08,7(x) [A(x)—xanr6posounas ¢-uas | B cynepnone
(18) mpHCYTCTRYIOT 4 +4 KOMIIONIENTHI, COCTABIAIOWHE Kanub-
poBOHLIE N=1 CynepMynbTAIIET BIC MaccOBOH TOBEPX-
HOCTH.

TIpeumymecTsa CYnepioneBux popmympobok. OCH. Tpe-
HMYILECTBO CYNCPNOJICBbIX (POPMYIHPOBOK CYNEPCHMMETPHY-
HBIX Teﬂpﬁﬁ HaAd KOMIIOHEHTHBIMHE — HAJIHYHC ﬂBHOi cynep-
CHMMETDHH BHE MA4CCOBOH NOBEPXHOCTH. Biarogapa atomy
CBOﬁCTBy Haﬂﬁ. TIOJIHO BBIAB/TANOTCA 33aMEYAT. TEOM. H KBaH-
TOBBIC €NeACTBHA CyNepcHMMCTPHHA. Kak H B clryyae oGRIYHEIX
nosieH, XCIaTenpHOo, YTOOH CYNCprions He GhUIH MOABEPXEHB
CTOPOHIHM cBsi3M. POPMYTHPOBKH Yepe3 Cyneprona 6e3 cbsi-
3¢l NMO3BONAIOT OOHAPYXHBATL HETPHBHAJIbHEIE BHYTD. I€o-
METPHA, TIPHCYIUHE CYTIEPCUMMETPHYHBIM TEOPHSM, OHH 06.J1a-
AawT npOCTOTOﬁ H 3JICTAaHTHOCTHIO. HX TTaBNOE¢ MPaKTHY.
JOCTOHHCTBO COCTOHT B BO3MOXHOETH NOCTPOCHHA HHBapH-
4MTHOH CyNeproJeBOii TEOPHH BO3MYILCHHHA, B PAMK4X K-pol
PpaaHKa/JibHO yNpoOILaKOTCA aHAJIH3 CDKpau—lCHH)I KBAHTOBRIX
pacxozmmocTeﬁ H A0K23aTeNbeTBA KOHCUYHOCTH TEOPHH (OT*
KPBITHE TEOPHIi 10JIA, CBOGOAHBIX OT yabmpagiuc.1emosbix pac-
X00uMOcmeli,— 110Ka CaMoe AIPKOE JIOCTHXENHE CYHEPCHMMET-
pun). Jloka3laTenbCTBa KOHEYNOCTH B €yNepnoneBoM (opma-
JIH3ME OCHOBAHBI Ha OBILIMX TEOPEMax O NeNnepeHOPMHPOBKE
{OTCYTCTBHH COOTBETCTBYIOUIHX CYICPIOJNEBBIX KORMPYACHOE
{6]) v He TpebyroT neTaneHbIX pacy€éToB mMarpamm Deiin-
MaHa.

nOCTpOCHHe SBHO HHBapHaHTHHX r¢oM. CYNEpnoNeBhIX
¢opMyIMpOBOK CYNEPCHMMETPHYHLIX TE€OPHH BHE MaccOBOM
TOBEPXHOCTH IIOJIHOCTBIO 34BEPIICHO JUIA Ciiydaes N=1
n N=2. CymectByer Takke (opmynnpoBka N=3 TeOpHuM
Slnra—Munica, Iloka ne HalizeHo afiekBaTHOrO eyuEpIoe-
BOTO OMHCAHHS 4 Teopun SlHra —Muiica u cyneprpaBu-
Tauui ¢ N2 3. Ocraéres noka Hepemeuﬂon 3ajaia MOCTpoe-
HHSl CYNEPCHMMETPHYHBIX TeOpHA tuna Kaayys— Kaeiina
meopuu (B IPOCTPAHCTBAX BLICOKHX PA3MEPHOCTEH) M MONEBHIX
TeopHH HPOTAXEHHBIX CYNEPCHMMCETPHYHBIX OOBLEKTOB THIa
cynepcTpyipl  (cM.  Cynepcmpynbt).  TeOpeTHKO-rpynnoBoi
M TeOM. OCHOBOM BCEX H3BECTHBHIX HHBAPHAHTHBIX CyMNEpIHOC-
BEIX (OPMYNHPOBOK CIYXHT IPHHUMI COXPAHEHHs NPOCTeH-
LIMX [PeACTaBJICHHH robanbHON CyNnepCHMMETPHH MPH BKNIO-

—004B.4,,(x)+i020, X%
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YeHHH B3aumOfeHCTRHsA. [TockoNbKy B DONBLIMHCTBE CTy4ach
3TH NPEACTaBJIEHHA BRIICTIAKOTCA YCITOBHSIMH TpBCCMﬂHOBOﬁ
AHAJIMTHYHOCTH THNA (15), yKadaHHEIR NPUHIMI JKBHBAICHTCH
TpeBOBaHUIO COXPANICHHS TOH HITH HHOM IPACCMAHOBOM aHAIH-
THYHOCTH.

TIpamepe Teopuiit B N=1 cynepnpoctpancree [4—6]. ITo-
CTPOCHHEe HHBADHAHTHRIX CYNEPMNOJEBLIX ACHCTBHH OCHOBAHO
Ha TOM CBOHCTBE, 4TO NpPH Npeobpa3oBaHHAX CYmepCHMMET-
PHH K BBICNTHM KOMIOHEHTaM cyneprnofiei [D-xoMrnoHeHTa
pewecrsentoro (11) # F-xoMnonenrta kupaibHoro (12) N=1
cynepnoweu] ﬂOGaBJ‘lﬂeTCﬂ TIOJTHAA TPOWU3BOAHAA. nO)TOMy
HHTErpan no d X OT BRICUICH KOMIOHEHTBI PAa3NIoXEHHA TIO
0 MUIOTHOCTH JIaHTPAHXHAHA, TMOCTPOCHHOR W3 cymeprosei
H HX NPOM3BOJHBIX (CIHHODHLIX M ODRIYHBIX), ABJIAETCA MH-
BAPHAHTOM.

TIpocro#i npumep N=1 cynepnonesoro aekcTBUA — AcH-
CTBHC MAcCHBHOT'O KHPA/IBHOIO CymneprnoJis ¢ CﬂMD}]eHCTBH*
eM @2

i=— le{-a"xdzt)(lzé(p(x,_, 0)¢ (v, O)+

+|iJ.d‘x,_d29(; ¢2+ égw3>+7, c.:I,

rae HCNOJbL30BAHO HHTErPHPOBAHHE MO MPACCMAHOBLIM Tiepe-
MEHHbIM (HHTErpHpoBaHKe 1o bepeznny {3]), k-poe spnsercs
YAOGHLIM SBHO HHBADHAHTHBIM CTIOCOBOM BLUIENCHHS BLICILIAX
KOMIIOHEHT M3 €YHEPNOJEBLIX JlarpamXHaHoB. [paccMaHOBO
HHTErPHPOBAHHE IKBHBAICHTHO MG GEPEHIIHPOBAHHIO:

19

fd‘xd20426= %l(wx(om,)(ﬁuﬁ*),

i
J.d"x,_dze: il(d"”(’)’”ﬂ)'
l'[oc.ne Hepexoﬂa K KOMITOHEHTAM H HCKJIKOUYCHHSA BCNIOMOTAT,

nonelt F(x)=F(x})+iF;(x) ¢ NOMOIWbIO Yp-HHHA [BHXCHHUA
neficTHe (19) CBOOMTCS K BBIPAXKCHHIO

=Jd‘x[a"¢5p¢vi % V0,04 —mpp—

(20}

= T+ Vb - 2mg(o-+ G)od— @n

74g2(w43)2*g(ﬂl‘%w+$u$&¢))]

(rae m—Macca, g~—be3pa3MepHas KOHCT4HTa CBA3M), T.e.
K REHCTBHIO MACCHBHOTO KOMHJIGKCHOTO CKAISPHOTO 1OAR
© ¢ caMOEHCTBHAME @7 | @ M MaecHBHOro MaliopaHOBCKOro
cnuHOpa , B3aHMO/ICHCTBYIOIHX NMOCPEICTBOM FOKABCKHX
cps3elt (MCTpHKa NPOCTPaHCTBA MHHKOBCKOTO BhtGpana B BH-
e «+ — — —»). SIBHas N=1 cyHepcuMMeTpHs neHcTBUA (19)
CTaHOBHTCHA HEABHOM B KOMHOHEHTHOM HpedcTaBieHuH (21).
OHa Tenephb BLIPAXAETCs B paBENCcTBe Mace 6030HOB H pepMu-
OHOB H B HAJIMYHH €THHOH KOHCTAHTBI CBA3H.

JHeficreue (19), (21) HepenopMHpyeMo. 3aMeuaT. creACTBH~
€M €r0 CyNMepCHMMETPHH SBIAETCH TO, YTO BMECTO TPEX HE3a~
BHCHMBLIX KOHCTAHT NEPCHOPMHPOBKH, CBOWCTBEHHBIX Goson-
HOH TEOPHH ¢ CAMOAEHCTBHEM (*, B HEM HOABIACTCH JHILE
OJHA TaKas KOHCTaHTa (I(OHCTdH.Ta HEPEHOPMHPOBKH BOJIHO-
BOH ¢-umu). ITOT PaKT ABNSAETCA TPOABJICHHEM NpocTeiinero
BAPHAHTA TECOPEMBI O HEMEPEHOPMHPOBKE, K-past creayeT H3
BHAA CYNeprojieBoro aeHeTBHA (19) M ABHO MHBAPHANTHOR
TEOPHH BO3MYIICHHA JUIA KHPAJBHRIX CyMEpHONCH. JTroboit
Bkas B 2. KBAaHTOBOE AEHCTBHE BCEraa JIOKATLHO HpeacTa-
BMM MHTETpasioM no seweeTBeHHoMy C. 4, 1o ne no C*2
NMoaTomMy BO3MOXHEIE CYyNMepnDJIEBRIE KOHTp‘{JCHbI Beera
HMEIOT CTPYKTYPY MepBoro 4iena B geficteuu (19), uto npuso-
JHT K MOABJIEHAYO KOHCTAHThI NEPEHOPMHPOBKH TOJILKO HEpElL
3THM JICHOM.

CaMozelicTsie @ — e/IMHCTB. NEPEHOPMHPYEMOE CAMO-
AeiHCcTRME KUpanbHbiX N =1 cynepriones [neficrsue (19) MoxHO
0606HTE Ha 11000€ YHCITO TAKHX CyNepnone |.

OB Tarpamkuad MOXNo nonyuuTs U3 (19) saMeHamu

" _ mo2.€. 3
09 K@ @) 2o+ e o Po),
rae K ¥ P—1poH3BOAbHME BEIIECTBENIAS M KOMILICKCHAR
G-LHE CBOUX apryMenTos. OH HPHBOAHT K KNIEPOBCKOH HEJH-
HEHHORH cuzma-modeau Juis ua. 6030H0B [10] B HMeeT mpo-
CTOW eoM. CMBICTT,

Jp. BakHas MOmENL
OMNHCBIBAETCS JACHCTBHEM

N=1 xanubpopounas Tcopus. Oma

(22

! 4 - 2 -
d4x PO W W, ) +0. ¢,

pre

rae W®—KHpaIbHas KOBADMAHTHAR CIMHODHAS HampsikEH-
nocts N =1 kanmbpopounoro cynepnoas F4(x, 0, 8):

We= WA= " (DiD*)[exp(— 24T} D exp 2VATY],

@3
exp(2V4T4)=exp[ — iA%(xg, 0)7% | exp 2V T} x

x exp [i A" (x..0)T%].
3necy T CHEPUTODHI KATHOPOBOUHOH rpynnbl ( A — HIaeke
IPHCOEAHNENHOTO TIpEACTABJICHUS Tpynnbl). Tpancdopmali.
3akoH (24) B aBesnenom upefeae CBOINTCA K (17), noaromy
B V4(x, 8, 0) MoXHO mepeiTi K KanubpoBke Becca—3yMuHO

(18). B oroit kaaubpobke AEHCTBHE (22) nepenuChIBAETCS
B KOMIIOHEHTAX Cleiyowum obpa3om:

4)

1 1 |
I= ,J~d‘xTr[-;(;WGWAI‘XU"DUH;DZ], (25)
g 2

rac G, S»T — OObIYHAA HATIPAXEHHOCTL mons SlHra—
Munnca u (D, )" —KOBapHMAHTHAN NpOMIBOAHAN B HPHCO-
E:J:(HHCHHOM npescrasacuun. Kamubpososaoe N=1 cynepnoie
V4 u cynepnoiesas ¢dopmymmpoBka N=| xaaubposounoit
TEOPHMH MOTYT GbiTh BbIBEACHB! H3 TPEOOBAHUSA, UTOOBI HOHSA-
THE KMpanbHOCTH (15) COXpaHAIO CBOH CMbICH IS CYIIEpno-
Jiei, MPHHA/UIeKAILHX K HeTPHBHATIbHKLIM 1IPEACTABICHHAM Ki-
M6POBOUHOH IpyNnki. ToT %€ QYHAaM. NPHHITHI COXPAHEHHS
KHPanbHOCTH (T. €. N =1 1paccManOBOH JHANUTHYHOCTH) Jie-
KHUT B OCHOBC reoM. GopMynHpoBok N=1 cyneprpaBuranuu.

Tapmonueckoe CyNepupoCTPanCTBO. TIONMBITKH OMUCAHNS Ley-
nepcuMMerpuuHbIX Teopuit ¢ N22 B C. R**Y nmm
CTAJIKMBAIOTCS € CYIIECTB, TPYAHOCTAMM. OcCl. TPYALIOCTh CO-
€TOHT B TOM, 4TO COOTBETCTBYIOILHE CYTEpHO.IS COAepKaT
MHOTO JIMIIHHX CYTEPMYJNLTHILIETOB M [U4 HX YCTDAlleHHs
NPHXOAMTCS JIMBO HATAraTh CTOPOHHHE CBA3M, NGO Hpube-
raTh K CJI0XKHbIM KaMHOPOBOYHBIM TDYNNAaM HCIEOM. HPOUC-
xoxzeHHA. Bonee TOro, CymecTBYHOT T. II. «IIO-gO» Teope-
MBI — TEOPEMBbI O HEBO3MOKHOCTH TIOCTPOCTHS QOpMYTHPO-
BOK Df/la TEOPHH C PACIIMPEHNON CynepcHMMCTpHei (Hamp.,
KaJMOpOBOYHBEIX TeOpHit ¢ N=3, 4) BHC MAcCOBOH MOBEpX-
HOCTH Ha OCHOBE KOHEYHOT'O 4MENd BCroMorat. noneit [11].

AJEKBATHOE [€OM. ONIHCAHHE TEOPHIE ¢ PACLIMPCIHOMN cynep-
CHMMETPHEI AOCTHIAeTes B paMKax rapMouud. C. OHM nosty-
ualoTes A0GABNEHHEM K OOBLIMHBLIM KOODJMIATAM {x¥, 0%,
0%} NOHONMHT. YETHBIX KOOP/MHAT, TIAPAMETPHIYIOMIMX NPO-
CTpaHCTBd rpynn aBTOMOP(U3IMOB.

Tapmonnyeckoe N=2 cynepnpocTpancrso [12]

R4Ex §7=[xk 0% 6% uti={z% 47} (26)
BKJIXOMAET ABYMEPHYIO cdepy S2, Ha k-poil rpyIHA aBTOMOp-
¢du3MoB N=2 cynepanrebper SU(2) necTBYeT Kak rpynna

ABWXKEHHA B NI OHUCAHMS K-DOHl HCTIONR3YIOTES M3OCTIHHOP-
HbIE TAPMOIHKH

(£ — U(1)-3apans)). OHH OHpeENEHb! C TOYHOCTBIO 10 IPOH3-

CYNEPNPOCTPAHCTBO
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CYNEPNPOCTPAHCTBO
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BOABHOH (Baskl U(1) W, T. 0., COAEPXKAT JiBa HE3ABHUCHMBIX
HAPAMETPA, XdPAKTCPHBIX 8 ABymcpHOH chepel. B C. (26)
MMEETCA 1IICTPHBHAABHOC HOANPOCTPANCTBO—aHAJIHTH Y C-
€KOC TAPMOHMYCCKOE CYNEPNPOCTPAHCTBO

I =x"—i8 fa”()j(u,‘ uj +ujui),
01 1= g}, 07 =iy Lt = {0, wty,
JAMKHYTOE OTHOCHTEJIbHO N =2 CYNepPCUMMCTPHH
Sx = —2i(e*0"0" + 0" oret
50 Tr=goiy}, 50 "t =E%u; . duti=0.

B C. (27) MoXHO OHpeNeTHTD OHCPAIKIO CONPAKCHUY (OTIIHY-
HYH OT OBBIFHOrO KOMILIEKCHOrO CONPSKCHHA), OTNIOCHTEIb-
no k-po# (27) Bewecrsenso. COOTBETCTBEHHO 3dJaHHbIC Ha
HEM Cyneprioss (Al IMTUY. TADMOHMY. CYNEPNONIA) MOTYT Bbl-
BHpATLCS BCICETBCHHBIMK.

Anaautuy. C. (27) urpaet dynjam. poss B N =2 cynepcam-
MeTpuu: Bee N =2 TeopHu (TeopuH MaTepuH, SHra—Muitca,
CYNEpr PABUTALMH) (OPMYJIHPYIOTCH SBHO HHBADHAHTHBIM
ICOM. 00pa30M HA s3IbIKE AHANTHTHY. N=2 cynepmoucit, cBo-
Goanblx OT ¢TOpOHHHX cBsiscd [12]. Amauntwy. cymepro.is
D(g) xapakrepuzyrores U(1)-3apsaoM ¢ (Hapsily ¢ BOIMOX-
TLIM JIOPCHICBBIM HHICKCOM) M SBAAKIICH PCIICHUCM YCIOBHIA
1PpaceMalionol N =2 uHATUTHYHOCTH:

DIOT (M, u)= DI OO, 1) =0=DW =
=@“(GY. u), D =Diut. D =Diu. (28)
Onn COaCpXKaT 6CCKOHC‘IHOC YHUCTO N=2 CYNCPMYJIbTHILICTOB

C O/IHHM H TEM XC CYHEPCMMHOM H HAPACTAIOLIHMH CYNEPH30-
CAHHAMH. CBS3AHHBIMH ¢ ¢ (-107

@7

¢
I,= 5_1 +n,n=0,1,2,

beckoneyHoe YHCIO MOJEH ¢ HAPACTAIOIHMH H3OCTHHAMH
B @ ()Gycrms 1€HO 3ABHCHMOCTBIO @@ OT rapMORH4. nepe-
MERHBIX 27, PA3JIOKENUC FIO K-PbIM ma-mercn FapMOHHY. pa3-
noxcHreM ba chepe S2. ®dui. noas N=2 TeopHil BXOMAT
B MyJIbTHHIICTB! ¢ HH3IITHMH cynepmocnunamu, a Geckoncy-
HbI HABOP BBICIHX CYNEPMY:IBTHILIETOB OKadblBaeTCH THOO
BCHOMOTATEALHBIMH, THGO KaTHOPOBOYHBIMH CTENEHAMH CBO-
6osbt.

BecKOHCHII0e HHCIIO BCAOMOraT. MoJied — NPHATMITHATBHO
HOBYA 4cpTa TeOpHH B rapmonwd. C. bnaromaps stomy
CBOMETBY y/14.T0Ch 1LPCO/IONETD PSijl «I10-Z0» TEOPEM H NOCTPO-
UTh (IOPMYTMPOBKH BHC MAaccoBOH MopepxHocTH ans N=2
THHCPMYJILTHILIETOB (CM. NHXe) MATEPHH (B MIIOCKOM M Me-
xpus;i€unoM C.) u ang N=3 Tcopuu Hura—Munnca (s ana-
JMTHY. rapmonnd. N=3 C. [13]).

[Mpumepnt N =2 teopkit. Ocl. cynepmynbTHiLIeT N =2 maTe-
PHU—TIHUNEPMyNbTHNAET. OH OTBEHACT 3HAYCHHAM Cy-
HepenuHa ¥Y=0 u cynepusocnupa f=1/2 u Ha MaccoBoit 1o-
BEPXHOCTHU COCTOHT M3 SU(2)-1y6ieTa CKaISpHBIX NOJcH ¢'(x)
W JIHPAKOBCKOTO M3IOCHATICTNOro nons depmuona Y, (x).
2*(x). Brc MaccoBOH NMOBEPXHOCTH TMAEPMY.IbTHIICT OMHCHI-
BACTCS aHATMTHYCCKHM N =2 cynepnonem ¢+ (g, u) [12]:

A

¢ (G w=0 (N + 0T )+ L+ 0T+, (29

rAc TOYKAMM OGO3IHAYEHBl FOIS ¢ BBICOKHMH M3OCIHHAMH,

BOBHUKAIOLIAE M3 TAPMOHMY. Dpa3jloxeHHit xodpduuucutos

FIDH YIIEHAX C PA3HKLIMH CcTeneHsMH §. MHBapuanTHoe neficTBue

CBODOAHOTO MUACPMYIBTHINET B I10eKOH N=2 cymepcum-
merpuu laéres unterpanom mo C. (27):

qufd“.xdzo*dzﬁ’du ‘DI, 30y

IAc di—mMepa uHTerpHpoBamus Ha cepc S*, Dii—
COXPAHSALONAS AHATTUTHIHOCTE FAPMOHHY, NPOH3BOAHAS,

~2i(670*0)d

Jlanrpanxesa mrornoets B (30) umeer U(l)-3apsa g=+4,

T. K. Mepa WHTerpupoBaHua umcer U(l)-3apan ¢= —=4. U3
AeicTBHA (30) CACTYCT yP-HHE IBUXEUHS

D=0, @1

K-POC IPHDABHHBAET IYJIO BECh BCCKOHCUHDIA HAGOP BCTIOMO-
raT. NoJell € BBICIUMMH HM30CHHHAMM B g', OJHOBPCMCNHO
NPHBOAA K NIPABHIILHBIM YP-HHAM JBMKCHUS ‘Ln bH3. i1onek.
Hanb. obliiec caMONCHCTBHE IHIICPMY.ILTHILICTOB LIOJyHACTCH
NobGapilenHem K anrpamkuany B (30) npoussossHod ¢-unu
V**g*,g", ut)csapanom g=+4. B cekTope i3, nosicik npu
3TOM BO3HHKAET HETHHEHHAS CUIMA-MOLC/1b (OTBCYATOLIAS TH-
NCPKEICPOBBIM MHOroo0pasuam [14]).

N =2 kanubpOBOIHON TCOPUH OCH. CYAEPIOIIEM ABIACTCS
BCHICCTBCHHAN AHANUTHY. [ADMOHHY. cBA3HOCTh V' 2, u):

VAP —exp (A TV T 2A T Aexp(— BT 4
+i 'exp(irBTP) D3 exp(—ir"T?)
(=1 w)) (32)

YCPC3 K-PYH) HBBIPAKAIOTCH BCE OCTAIBHBIC TCOM. OOLCKTHI
TeopuH. beckoHeuHbli Haﬁop THINTAXY CYACPMYJILTHIICTOR
¢ cyHepusocnuuamu f=1, 2, 3, .. B ' ? ycrpansercs kanuG-
POBOYHOH rpynmnoii (32). B wrore ocTaéres THNIL KUTHOGPOBOY-
HbiH N=2 CYACPMYJBTHIUICT BHC MA4CCOBOH HOBEPXHOCTH
c Y=0, I=0, concpxamuii Koneynoe UKCI0 nojci. B kamud-

3ymuno B V*? ocTaéres craHgapTHeii N=2
KTHEPOBOYHBIH  MynbTHATET ((X). A, (x), Ya(x), \JJ (x),
DYP(x)). rie ®x)— KOMNIIEKCHOC CKAIRPHOC MOIIE, r)—
kanubpoBouHoe Nose, Yy, \JJ-—J:[yGneT MdHOpdﬂOBLkHX cnu-
nopos, D'“'(x)— TPUILICT BCNOMOTAT. AOJEH (1A% APOCTOTHI
uHACKC A onymen), [éoM. cynepnoncpas GopmynHposka N =2
K4.THOPOBOYMON TCOPHM MOXKET ObITh MOCACAOBATEIBNO BbIBC-
fIEHd W3 TPeOOBAHHSA COXPUHEHHR [MOHATHS [DPACCMANOBOH
N=2 aHanurnunocTH (28) AN rAapMOHHY. CyHEPHOJCH, TPH-
HAANEKANMX K HCTPUBHAIbHBIM MPE/CTABICHHAM KaTHOpO-
BOYHOM rpynmel [12]. M3 4HAJOrHYNOTO APHHLMIAG HCXOIHT
u rcom. hopMy:tupopka N =2 CYNeprpaBHTALMH, B K-pOH OCH.
OOBLEKTAMM ABISIOTCS KOMIMOHENThI AHAJIHTHY. [dPMOHHY. pe-
nepa {cM. Cynepepasumayius).

N=3 rapmonnucckoce cynepnpocrpanctso [13] Bozuukaer
HpH pobapiemuu kR II={xr 0 8} (i, j=1, 2, 3)
6-MCPHOTO BHYTD. HPOCTD4HCTBA, B K-POM IDYHMA aBTOMOP-
dusmos N=3 cynepasrebpn SU(3) pea.izyercs kak Ipynna
AsukeHuit. N=13 teopus HAura—Munnca nonyckaer gopmy-
JIMPOBKY BHE MACCOBOH TIOBEPXHOCTH B dHANMTHY. HOANPOCT-
patcTse rapmonud. N=3 C., uMeroieM 6 HeYETHBIX NCPEMCH-
nuix. CoornererByloume N =3 aHATHTHY. KaTHOPOBOUMbIE CY-
NEPHOJA COJIePKAT BeckoHeu0e YHCIO KaK Ka.THOPOBOYHBIX,
TaK U BCHIOMoraT. crenere cBoBoIbl. [ocneanee oberosTems-
CTBO OKa3bIB3ETCA DEINAIOMM  JLI%  ApeojloicHus N=3
«no-go» Teopembl [I1]. U3 caMoro cyHiecTBOBATIMA SBHO
HHBaDHAHTHONW cyneprnoiicBol  dopmyinposkn N=3 Teo-
puH Slara—Munica ¢ie/lyeT TEOpEMa O HEMCPEHOPMHUPOBKC,
K-pas naéT NpocToe JOKA3ATENLCTBO OTCYTCTBHS YP-pacxo-
aumocrelt B N=3 xanuOpoBounoil Teopun (Ha MaccOBOH
MOBEPXMOCTH 5Ta TeopHs coBmagacT ¢ N=4 xanubposou-
HOH TEOpHEH, CTABIICH MZPBBIM NPUMCPOM TEOPHH monst Bed
Y®-pacxogumocreit).

HckpHBICHHOC CYHEpIPOCTPANCTBO XADAKTEPU3YETCH HCTPH-
BHAJTBNIBIMM CYNEPTCH30PAMH KPYUCHHS M KPHBH3HBI M CITYXHT
CCTCCTB. apeHOH JiIst TeOpHH CYHCPIpABUTALIMH.

MepenexTuam pazsuTHA Konuenuun C. CBA3aHbl B NEPBYIO
oucpedb ¢ TPHMEHEHHAMH B TEOPUAX NPOTAKCHIBIX OOBEKTOR
THIA CYNEPCTPYHbL, FAC BAXHYIO PO/1b JOJDKHBI CRIrpaTh Gonee
cnoXubie BaphanTy Tapmonny. C. EcTb 0CNoBaHHA MajledTL-
cs, 4TO B GJMKaMIIUC ro/bl OyNeT NOCTHIHYT TAKKC PCUIalo-
LMt TPOrPECC B MOCTPOSTTHU ICOM. CYHCPHOICBbIX (HOPMYITH-
pPOBOK Takux 4-MepHbIX TeOpHii, kak N=4 Teopus Snra—
Munnca, cyneprpaBuTandi ¢ N23 0 1. .

Jum.: 1)Boaxoe . B, Axyuor B. I1., O Bo3MOXBOM yHHBED-
CHTbBOM BIAHMOIENCTBHH HEMTPHIO, «ITHCbMa B KD Tdw, 1972, 1. 16,
c. 621; 2) Salam A Strathdec ). Super-gauge transformations,
«Nucl. Phys.», 1974. v. 76B, p. 477; 3) Bepesus ®. A, Becacsne
B ZUII'CGPY W dHATN3 ¢ AHTHKOMMYTHDYIOLUHMH 1ICEMCHHBIMH, M >
1983 4) Oruenenxni B. M., Mesnnvecky JL. CumMeTpuu mex-




oy GozosaMu u depMHoHAMH K cyneprions, « YOH», 1975, 1. 117, 8. 4,
c. 637. 5) Bece 10, Berrep Jx., CynepcHMMETPRBS ¥ Cynepr paBH-
Tauus, nep. ¢ aari., M., 1986; 6) Gates 8. J., jr., et al., Superspace or
one thousand and one lessons in supersyininelry, Reading (Mass.), 1983:
7)Sokatchev E., Projeetion apcralors and Suppkmenldly conditions
for superfields with’ arbitrary spin, «Nucl. Phys.», 1975, v. 99 B. p. 96;
8) Siegel W, Gates S. I, jr., Superprojcetors, «Nucl. Phys », 1981,
v. 189 B, p. 295; Rittenberg V., Sokatehev E.. Decomposition of
extended superﬁelds into irreducible represenlations of supersymmetry,

«Nucl. Phys», 1981, v. 193 B, p. 477, laneoepun A.,
Mpanop E, Oruepevxuft B, [JpaccMaHoBa  aHaIMTHYHOCTb
M pacutipenye cynepenmmerpur, «[luceMa B K3Tdr, 1981, 1. 33, ¢

176, 10) Zumino B., Supersymmetry and Kihler manifolds, «Phys.
Lett.», 1979, v. 87B, p. 203; 11) Siege] W. Rodck M., On off-shell
supermultipets, «Phys. Lett.», 1981, v. 105B, p. 275: Rivelles V. O.,
Taylor J. G., Off-sheil no-go theorema for higher dimensional super-
symmetries and supergravities, «Phys. Lew», 1983, v. 121B, p. 37;
12)Galperin A. [a. 0.], Unconstrained N= Zlndllcr Yang—M\lls and
supergravity theories in harmonic superspace, «Class. Quanl. Grav.»,
1984, v. 1, p. 469; 13) Galperin A. [a. 0.], Unconstrained ofl- sheli
N=3 supersymmetric Yang— Mills theory, «Class. Quant. Grav.», 198v
v. 2, p. 155 14) Alvarcz-Gaume L, Freedman D. Z,
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. E. A. Haarnos, E H. Ocucsegkuiv
CYNEPPEWETKA —cM. Coepxpewémxa.
CYIIEPCUMMETPHSA —cuMMeTpus (M3, CHCTEMbI, OOD-
EIMHAIOIIAS COCTOSHHA, TMONYUHAIOMHECH PABHBIM CTATHCTH-
SiHuTedra (6030HMI) H CTATHCTHES
®epmu—lupaka (pepmuonst). TIpHHUHTHANLHBIE OCHOBLI C.
chopMynpoBanbl B8 Hav. 1970-x rr. B pabotax [I, 2, 3]
B nocaenyiompe roabl NPOHCXOIHIO GypHOC Pa3BUTHE pu3fl.
¢u3. Teopuii, ocrosaunuix Ha C. TpeMcaenne merosios C.
OTHOCHTCA IJ1. 00p. K KBAHTOBOH Tcopuu nojs (KTTI), sxmo-
4as TEOPHIO KBANTOBAHHOIO rpaBHTAlL. NoNs (eM. Cynepepasu-
mayua) U TEOPHIO cTPYH (cM. Cynepempynnt). Ilomumo KTI
PaccMAaTPURANOCh NpHMCHEnne MCTojlon C. K HEPCIATHBHCT-
CKOM KBATITOBOH MCXUlIHKC, 4 TAKXKE K HEK-PbIM AD. PA3nenaM
TeopeTH4. (pU3HKH. TIPAMBIM JKCHEPHUM. TIOATBEPX)AETIHEM CY-
wecrBoBarus C. B upHpoae 6bLI0 Ok OTKPBITHE T. H. CyMED-
NapTHEDPOB U3BCCTHLIX DIEMEHTAPHBIX YACTHI (CM. MHXE).
Takoro noATBEpXkAeHHH Moka (1996) He HOMY4EHO.

Togo6HO ap. THIAM CUMMETPHH, pacCMaTPUBACMBIX B (BH-
3uke, C. GopMyITHPYeTCS B TEPMHUNAX HEK-POH [PYNILI npeod-
Pa3oBATIHI, ACHCTBYIOIINX Ha COCTOHHSA CHCTeMbl. B gaHHOM
cnyvae npeoGpa3oBaHMA MOIKHBL HEPEBOIWTL (HEPMHOHHBIE
cocrosiuisa B 6030nmbIE H HA0G0pOT. JT0 npuaéT C. cBoeob-
Pa3sHble YEPTLI, TIE CBOWCTBCHHBIE NIP. THNAM (U3, CHMMeTpUT,
NOCKONBKY (PEPMHONHBIE COCTOSHHSA OT/IMYAIOTCS OT 6O301-
HEIX XapAKTCPOM MepeCTAHOBOUHOR cHMMeTpuu (cM. [lepe-
cmanosouvie coomuowetius). Hanb. acHo 2T pasiuvHe BoisB-
JIACTCH TIPH 6MOPUMIOAM KUIMOGaNuu, KOTIA JUIA TIOCTPOCHH A
NONHOTO HaGOPa COCTONHHE HCHO.1b3YIOTCA ONEPATOPHI POXK-
neHHst (PePMHOHOB W 6030HOB. OTHYHe HCPMUOHOB OT 6030~
HOB NPOSIBIIAETCA B TOM, YTO ONIEPaTOPbl pokacHHA Go30HOB
KOMMYTHDPYIOT APYT € APYTOM, @ TAKKC C ONEPaTOPAMH POX-
ZIeHHS (EPMHOHOB, TOTJd KaK ONCPATOPHl POXIACHHA depmu-
OHOB PYr C JADYrOM ANTHKOMMYTHPYIOT, T. e. TIpH TNiepecTa-
HOBKE JBYX OTEPATOPOB HX TMPOH3BEACHHE MEHSAET 3Mak. JTO
thopmarbHOe pa3THIHC CBORCTB OHEPATOPOR POKACHHA BACHET
32 cobofi ype3pblHaiino I 1yGokoe paziuyHe B (U3, CROWCTBAX
CHCTEM, COCTOSAILINX M3 GO30HOB, R CHCTCM, COCTOSIHX H3
tHepMHOHOB.

Bee u3BecTnbie du3. cuMMeTpun, kpome C., nepesonsr dep-
MHOHBI B JepMHOHBI, 4 §030HBI B 6030HBI, T. €. Npeobpasoba-
HHS, ONHCLIBAIOILHE TH CHMMETPHH, COXDAHAKT XdpaKTep
NEPECTAHOBOYNON CUMMETPHH cocTosHMA. TTpeobpaiopanus
C. MEHAIOT X4PAKTEp NEPECTAHOBOYHOM CHMMETDHH — mepe-
BOJAT KOMMYTHPYIOILHE BEIHYHHBl B AHTHKOMMYTHDYHOLIKC
u naobopotr. 18 nNOCTpOeHUs TAKAX HpeoGpa3oBaHHA an-
napaT knaecHd. 1pynH JIM OKa3ancs HeAOCTATOYHBIM. 3agada
pelIaeTcs BRENICHHEM B TEOPHIO HOBOrO obbekTa—cymep-
TPy &I, NpeACTABIAONIEH coboil 0GobuicHue rpynnsl JIu.

BTOpbiM BaXHBIM MOMEHTOM, ONPCHEIMBIIMM CTDYKTYPY
C., ABNSIeTCA CBA3b CNHHA W CTATHCTHKH (em. [Tayau meo-
pema). OTCIONA CNCAYET, 4TO CIMHOBBIC XAPAKTCPHCTHKH CO-
cTosHi CYIIecTs. 0Opa3oM BKJIOYAIOTCH B CTPYKTYPY CYHCp-
CHMMETPHHYHBIX TeOpHH. TeM cambIM C. CBA3bIBAETCH ¢ OCHOB-

HBIMH  [IPOCTPAHCTBEHHO-BPEMEHHBIMH  CHMMETDHAMH (U3,
TEOpHHL

ANEKBaTHBIM MaTEM. AMNaPATOM CYNEPCHMMCTPHYHBIX T€O0-
puit  ABAAIOTCA anrebpa W AHANH3 C KOMMYTHDPYIOHUIMMH
H AHTHKOMMYTHPYIOIIHMH NEPEMEHHBIMHA, DTOT pa3fien MaTe-
MATHXH NOTYYHI Ha3B. cynepMaTemaThHry. Orcrola Xe
BO3HUK TepMHH «C.». CrejiyeT NOJYepPKIYTL, YTO NPHCTABKA
«Cymep» HMEET MHCTO TEPMHHONOIHY. XADAKTCP M me HECET
CIIEN. CMBICTIOBOR HAIDY3KH.

Cynepanrebpsr. Bmecto rpynner JIn, onHcblBaroucH cuMm-
METPHIO (U3, CHCTEMBI, B GONBIIHHCTBE CNY4A€B JOCTATOUHO
paceMoTpeTh Hosee HPOCTOl 06 bEKT —COOTBETCTBYIOLIYIO U
a12efpy, OMHCHIBAIOMIYIO GECKOHEYHO Mallble MPeoOpasoBaHUs
CHMMETPHR. DJICMEHTHI 2AreGPbl ABJIANOTCH JIHHEHHLIMH XOM-
OHHANMAME DA3MCHLIX DJICMEHTOB—reHepaTopoB. OOb-
HO HHCJIO ICHEPATOPOB Kolleuno. [eweparopst anreGpbl JIk
obpasyior Habop oeH. (H3. BEIHUMH JUTS CHCTEMEI, oOnama-
rotrei onpcaen. CHMMETPHEH.

B cayuae C. GeckoHeuHo Masele npeobpasoBains obpasylor
cynepanre6py JIu Ipexac uem 1aTh Onpe/ieNieHne Cynep-
anredpol, HeoGXOAMMO BBECTH HEk-pble obniMe MaTeM. TMoHs-
THA, XapaKTepHbie AN cynepMaTemaThky. OCH. DOJL HIpaeT
nonsTHe w€THOCTH. He mapas obiiero akCHoMa THY. onpeae:e-
HHS 3TOrO MOHATHS, BBCAEM ero B Toil GopMe, K-past HAWAYY-
1M 06pa30M TIPHCIOCOBICHA IS MOCTPOEHHS 4JCKBATHOIO
A3bika 8 TeopuH C. PaccMOTpHM accolMaTHBHYIO anrebpy A,
TMOPOXIENHYIO OOPA3YIOHIHMH &), ds, ..., @, R=p+ 4. [lepBble
p OOpA3yIOIKX &y, ..., dp, 1O OTMPCAEIICHHIO, ABIAOTCH
YETIBIMH JJICMENTAMU anrebpbl, OCTasbHLIE ¢ 0OpasyoLIMX

pits ooy Upeg— NEHETHBIMH. T. 0., MEPHOHAMATILHO HETHOCTL
ONpPCIEAETCH TO.ILKO A14 06p43y|01uux aarcOpsi. Ha anemen-
Thl OBIIEro BHAA YCTHOCTH TICPEHOCHTCA € TIOMOLIbIO CIIe.
HPaBM/I. YMHOXEHHE 3/IEMENTA anrebpbl Ha YHC/IO HE MEHSCT
aétioctu. CyMad ABYX HETHBIX WIEMEHTOR ABISETCA HETHBIM
2ICMEHTOM AITCOPLE, 4 CyMMa ABYX HCYETHBIX 3JICMEHTOB —
HewéTbiM. T1pou3BencHne JIBYX HETHBIX JIEMEHTOB, a TAKKe
MPOH3RACACHHE /IBYX NEUETHBIX ICMEHTOB SBJIAETCH YETHBIM,
# IPOHIBE/CTIHE YETHOTO H HEHETHOTO 3IEMEHTOB — HEYETHBIM
aneMenToM anrcbpel. C HOMOIIBIO 5THX HpaBHA B anrebpe
A onpejieIeTCa KMACC YETHBIX H K1ACC HEYETHBIX NEMEHTOB.
JIro6oi HnemcHt anrcbprl A4 MoxkeT GbITh ¢MHCTB. 06pa3om
[PECTABIECH B BHAE CYMMbl 46THOTO R HCHETHOTO DJIEMEHTOB.
Anrebpa 4, B k-poit onpesieleHo TOHATHE YCTHOCTH, HA3.
rpaayupoBauHoii anrebpoi (Toumee, Z,-rpaAyM-
PpOBaNHO).

Onpenennsm Teneps noustHe cynepanrebpst JIn. Oen. one-
paliedt ABISeTCS KOMMYTATop [X, ¥ ], COOTBETCTBYIOIUKM 00-
pasoM ofoBIENHEIH Ty cry4al TpaAyWpOBaHHONH anreGpbl.
KommyTtatop [x, y] onpenessercs ciea. ob6pasom. Ec:m ane-
MEHTBL 4:1re0pbl X U ¥ HMEFOT ONpe/ie. YETHOCTb, TO B CIyHae,
KOT A4 XOTsl Obl OZIHH 3 NEMEHTOB X, p YETHDIA, KOMMYTATOD

Fein ke 00a NeMenTa x W p HEUETIbIE, TO
xoMMyTaTop [x, y]=xy+yx. das onementos obimero BHaa,
PABHBIX CYMME YETHOrO i HEHCTHOLO AICMEHTOB, KOMMYTATOD
[x, » ] oupcnesicres U3 ycnosus GmnmHedinoctu. Oupenenén-
Hbli Tak 0DOOIEHHBIH KOMMYTATOp OOBEIMHSET NOHATHA
KOMMYTATOP4 H AHTHKOMMYTATOpa B OGBIYHOM CMBICTE.

PAcCMOTPCHHASA KOHCTPYKUMA YCTAHABIHBACT CBA3h CYICD-
aarebpyl ¢ rpaayuposaunoll amebpoil A, k-par sBasercs
oBobiienneM CBasy 0Obpnoit anre6pel JIn ¢ accounaTHBRHOR
ajirebpoii. O60BIWEHHLIE KOMMYTaTOPbl  YAOBIETBODSIOT
OMpENieN. TOXACCTBAM. Bee HEOOXOMHMEIE COOTHOMICHUS JICTKO
BBIBOATCA C TOMOHIBIO OCH. OTIDEEICHHH.

TIpakTHYECKH BaKHbIH K1ace cynepanredp obpasyror cynep-
2/eOPBI ¢ KOHEYHBIM HUCIIOM O0Pa3yIOMHMX By, ..., By. O6b1u-
HO 06pasyioImue By Ha3. TCHEPATOPUMH. 3aMETHM, 4TO CHC-
TeMA TeHepaTOpoB By, OTHIOAb HE COBMAAIET C CHCTCMON
06pu3yrOILNX @; ACCOUHATHBHOM anrebpul 4. B cumty Gununeit-
HOCTH KOMMYTATOPA AOCTATOYHO ONPEACITUTh 3HAYCHUA KOM-
MYTATOPOB AJIA FeNepATOPOB ¢ MOMOLUBIO COOTHOIUEHKIE THITA

[Bh Bl]:C:;B»r (1)

B sTom cay4ae cyncpanie6pa onpeacieHd 3dgdHHCM CTPyK-
TYypHbIX XoHCTanT Cjj.
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Aaredpa cyneprpanciususi. Cynepairedpoii, ncxkaiedt B oc-

HOBC (PH3. CYNIICPCHNMMCTDHMHEIX TCOPHIl, ABTACTCA T. H. urct-
i CYNEPTPAHCIAIMH, OHA MOPOXAACTCA KOHCHHBIM YHCIIOM

HbiX M HEYETHBIX renepatopoB. HeuwéTHbie reHepaTopsi,
JCHCTBYS HA COCTOSHMS CHCTCMBI, NEPCBOAAT GO30HBI B diep-
MHOHLI M H2060pOT. YGeaHThCH B ITOM MOXHO ciei. 06-
pasom. Onepatopel poxacHus 6030HOB W PEPMHOHOB MOXHO
PACCMUTPHBAThL KAK CHCTEMY 00pasyIoLux Hek-poit (Geckoney-
HOMEpPHOH) TPaayHpOBAHHON anrcOper. IIpn 3ToM 6030HHbBIC
ONePaTOPLl  CYMTAKOTCH  YETHBLIMM  DIE€MEHTAMM  aarcOpsi,
4 (PCPMMOHHBIC — HeYETHBIMH. YCTAHOBHB 4ETHOCTH OJHOYA-
CTHYHLIX COCTONHHMHA, MOXHO ONpPENENHTh HETHOCTH 06BIX
cocToaHuit. ClipaBe/UTHBO 0OBIlCC YTBEPKACHHC: YETLBIC CO-
CTOSHHMA MOOUMHAKTCH CTarTHCTHUKe Boze—DJiinwnreiina, He-
4CTHBIC — cTaTHeTHKe Pepmu—/Iupaka. OTcroa JICrko Bbl-
BECTH yTBEPKIACHHE OTHOCHTETbHO HEYETHDIX FEHEPATOPOB all-
redpbl CyNepTPaHCIALHA.

N3 yc10Bus peNATUBICTCKOH HHBADMAHTHOCTH TEOPHH CiIC-
JYET, 4TO ICHCPUTOPb CYyNepTPAHCIHLUNA 1omkHbl Mpeobpaso-
BbLIBATLCA TO HEK-POMY HPEICTABICHHIO Tpymnbl JIOpCHLA.
VuHTbIBAS CBA3L CNMHMA H CIATHCTHKH, MOAYYaCM JIajibHeHLlee
YTOYHEHHE DTOr0 TPCOOBAHHS: HEHETHBIC TEHCPATOPBI MPEOH-
PU3YIOTCA MO NPEACTABICHUAM C NOJYUETbIM CIIHHOM, 4éT-
HBIC—1II0 I[PCACTABICHMAM € LENbLIM CHMHOM. TlpocTefinice
JIOHYLICHHE, COTJIACYIOLIEeCs C ITHM TpeOORAHHEM, COCTOHT
B. TOM, YTO HCHETHbIE TCHCPATOPBL ABIAIOTCH crunopasu. 3To
JIONYIICHHE M JICKHT B OCHORE NOCTPOCHHS anredpsl cyrep-
TPAHC/ALMH.

CiMHOPbl —TO BENHYHNLL, [PeobpasyroHMecs no gynmam.
NPEACTABICHHAM FPYIHBI KOMIUIEKCHBIX MATPHIL BTOPOTO HO-
DSOKA © ETEPMHHAHTOM, PABHBIM COMHHLE. T4 rpyHHA 06o-
3HayacTes cuMBonioM SL(2, €). CymeetaycT sgpa ¢dyHnam.
HpeacTaBlieHus Tpynnbl SL(2, ), K-pbic KOMIUIEKCHO COMNpS-
KCHbI /Y1 /IpyTy. COOTBETCTBYIONIHE CIIHHOPhI 06hrato 060-
IHAYAIOTCH CHMBONTAMH THHA O, ¥ Q;. MIHICKCHI & M & TIPHHH-
MAFOF j1BY IHAYCHH S,

Bo:iee neranbHOC paccMOTPCHHE IPHBOIMT K TOMY, YTO IS
TOCTPOEUHS 11eTPUBHAIBIION anreGpbl cyHepTpaHCHSLMI 4ET-
HbIC TCHCPATOPB! 0/kHbI 06pa3zoshiBath 4-sekTop P, (n=0,

3). T. 0., 1au6. HpocTas anrebpa cyncpTpaHCIAUNE

f={P,. Q.. 0} )]

TOPOX/IACTCH  “ETHIDbMS  YETHBLIMM  FeHepaTopamu P, u
4eThIPbMA HCUYETHBIMH reHepaTopamu Q.. ;. IMepecraHo-
BOUHEIC COOTHOIMEHHS THna (1) MeXay reHepaTopaMu Bcer-
I MOTYT OBITh IIPHBC/IEHBI K (OpMe

[Q. Qil+ =204P, (3)
Bce ocTanbHble KOMMYTATODBI 0BpaLaioTes B Hynb. Muaekc
«-» B NcBoO# 9ACTH COOTHOUIEHAS (3) 03HAYAET AHTHKOMMY-
TaTop. DTO COOTRCTCTRYET PACCMOTPEHHMIM Bblllie TPABHIAM
TIOCTPOCHHA ONEPALHH KOMMYTHPOBAHHS B LyHdenl‘Can
G~ MaTpHIILI BTOporo mopsaka: a=1, g, | 2, 3—
cunitonnie [Tavau sampuyel, |— eqHHNYHAS Mquuua.

BaxHednice hM3. HPCTHONOKEHHE OTHOCHTENLHO Cymepan-
re6prl (2) COCTOMT B TOM, 4TO HETHBIE TCHCPATOPHl P,
ABIAOTCA 4-NeKTOPOM FHCPTHH-HMITYbCA CHCTEMbI, OHEpaTo-
Pbl JHEPIHH H HMIIYJIBCA ~— 3TO TEHCPATOPbI TPAHCAALHH Bpe-
MCHM H IpOCTpaHcTBa. AJreOpa cynepTpauc:isnui (2) npea-
CTakiAcT coboll pacimupeHHE anreOpbl TPAHCIAMHA NYTEM
SBEJCHHS YEThIPEX 1IOBLIX TEHEPATOPOB «CIHHHOBBLIX TPAHCIA-
mmi» Q, u Q. IeHCpaTOpBI OOCBLIYHBIX TPAHCAAINHI CRA3AHDBL
C rEHCPATOPAMH CHHHOPHBIX TPAHCIALMHA HCTPHBHANLIIBIME
cooTHoWEeHUAMH (3). TTepecTanoBOYHBIE COOTHOUIEHHS MEX Y
ONEpaTOPaMH  MOMEHTOB — FEHEPATOPAMH  HPEOOPA30BAHMA
JlopeHuia—u TeHepaTOpaMH airedphl cynepTpaHcasuui (2)
O/JHO3HAYNO  ONPEICIAKOTCA  KOBAPHAHTHBIMH  CBOHCTBAMH
ITHX TCHCPATOPOB.

Yeaosue C. "TCOPHH CBOJIHTCH K TOMY, uToBBI anrebpa cy-
TCPTPAHCTIAUNH Gbiila TIPEACTABACHA THHEHHBIMU OTICPATOpPA~
MH B TIPOCTPRHCTEE COCTOSHHA. JANd 3TOro NOCTAaTOMHO, 4TO-
Ol OHEPATOPHI, COOTBCTCTBYIOINME TEHEPATOPaM (2), yIoBe-
TBOPA U NICPECTUHOBOYILBIM coOTHOLENHAM (3). M3 oTux co-
OTHOIUCHHH BUIHO, WTO JUIA €YNICPCMMMETPHYHBIX TCOPHA Ofie-
DATOPB] JHCPTUH b HMNYJIbCA BBLIPAXKAKOTCA B BUJE HPOH3IBEAL-

THii CIIHHOPHBIX OTIEPATOPOB. B 4aCTHOCTH, /1A FAMHABLTOHH-
AHQ CUCTCMBI MO TYYACTCH BhIDAKCHHC

~4{ie 0 +1e 011, o

M3 K-pOrO CJEIdYeT, YTO BHEPTHA CYNCPCHMMCTPHYHOR CHC-
TEMBI HC MOXET NPHHHMATbL OTPHLIAT. 3HAMEHUI].

Anrebpa cynepTpaHCISaHit (2) —camast npocTas CPeH ce-
MeHETBA AHAJTOTHYHBIX cynepdnrcﬁp YacHbs HTOT0 ceMeHeTBa
XapaKTEPH3YIOTES UEbIM YHENOM N, 0603HAUAIONHM KO 1-80
CHHHOPHBIX TEHEPATOPOB. Bounec cnoxubie cynepamretpnt iy
OMNUCKIBAKOTCH eIHHBIM 0BpPa3OM:

Fx={Pu Zags Zhp Qutr Qae}. 4, B=1, N (5)

HHgekc A OTHOCHTCS K BHYTP. MPOCTPAHCTBY (oM. Bryni-
pennas cummempun). [1cpecTAROBOYIIBIE COOTHOINEHHS IIMCIOT
BHA (BBIMHCBIBAKOTCA TOJBKO OTJIMYHHIC OT HY.TH KOMMY -
TOPBI)

[Que Qi) =28.n0% Prs
[Qus- Qpuls =402 15 (6)
[Qin, Opnls =25 Zin
(8,4p—cHmBOA KpoHekepa, £—alTHCHMMETPHYHAS MATPHIG
BTOPOro nopszaka). I@HepaTopnl Z Hai. ICHTPAJBLHBIMU
3APATAMH, OHH KOMMYTHPYIOT CO BCEMM DJACMCHTAMA Cy-
nepaire6phl. CnugopHbic TeHepaTopul O, u 4, Npeodpasy-
HOTCS 110 KOMHJIEKCHO-CONPSKEHHBIM HPCACTABJCKHSIM DY
BHYTP. CHMMETpHH. Mcxons U3 JocTaTouHo ofumx Tpebona-
TIHH, MOXHO HOKA3aTh, Y4TO ceMciicTao cyHepa.ebp (5) ucuep-
NBIBAET BCE BOIMOXHBIE AireGphl cyleprpancisinii, O cyHe
anrebpe (2), cOOTBCTCTRytOMICH N =1, TOBOPAT KK ©
eynepcummerpun (s npocro C.). Caysait N> 1 orsevact
pACIMHPEHHON CYNCPCHMMCTPHH.
CynepmyasTuneTh 4actH. HCnpHBOAHMBIC NpeIcTanic-
HHs anrebpe! cynepTpaHcaaumii (2) OGBCUNINIOT HOCK. HENPH-
BOAMMBIX TIpeACTAaRIEHHUIT I pynmil [TyaHKape ¢ 0,100 1t TOH *C
Macco#i M pasil. 3HAuEHMAMH ctinua. T1porne Beero H1o npons-
JIOCTPHPOBATH JUUTS ONHOYACTHYHBIX COCTOSHHEA. B v1om ciy-
YA€ MONYHAKOTCH CYNEPMYALMUNACHIb] 4aCTHIL ECait Macca »
THIL HE PABHA HYJIKO, CTPYKTYPA CYNEPMYJIh THILICTH ONPeAC 18-
CTCH YHCJIOM j, TIDHHUMATOIIMM E.ThIC M HOIVNCTLIC 3HAUCHHUA.
Mps D4HHOM j CYHEPMYNLTHILIET HMCCT CTHMHOBBIH coCTan
(j—1/2, 4, j, j+1/2), T.c. OH COOEPKHT ABC “ACTHILI CTIHII j,
YACTHUY CHHH4 j—1/2 W wacTuuy cnuHa /4 [2. B caynae
HYNEBON MACChl CYNEPMYJIbTHIICTEl ODLO/MUSHOT  9ACTHILbI,
MMEIOLIHC CHUPANBHOCTD A, A+ 1/2. YHeno A npunAMacT neibie
W TIONYIENbie 3HAYEHHA. B oTuiMune o1 Cuitita j, TPHHHMILIONIE! O
HEOTPHLAT, 3HAHCHHS, A MOXCT IIlelMM.I[b Sadenus foro
sHaka. CyHepmyabThHaeTb! (A, A+ L'2) m (%, - % 1/2) nepe-
XOMST IPYr B APYra HDH mpocmpascmacnnoic msepeun. B Kak-
JIOM CYHEPMYJILTHH.ICTE WMCTO GOUOHNBLIX COCTOSHHI PanHO
4HCNY PEPMHOHHBIX COCTOAHMI, € J1MM CBS3MHO COKDUHIEHNC
PacxoousMocmeli B CyIEPCAMMETPHMIELIX Teoprax. Kuk u3sec-
THO, B KBAHTOBOH TEOPHH MOJIS NCK-Phc (M3, BETHUHHYLL OKi Ibl-
BAIOTCA BGCCKOMEMHBIMM 31 CHET PACKOIAMIH, HITE] PN,
B cynepcHMMETPHUNEIX TEOPHSX MHOUME U3 FTUX BCITHUMIL OKa-
3LIBAIOTCA KOTIEYHBIMH, HOCKO.ILKY PUCXOIMMOCTH, CBS3UAHILIC
¢ 6030HAMH, KOMIICHCHPYIOTCH COOTBCTCTDYIONIMMH PACX0;,1H-
MOCTSMH, CBA3aHHBIMH C hEPMITOHAMH
Jns pacumpertoii C. CYUEPMYJIBTHILICTH HMEIOT B01ee
cnoxHoe cTpocnie. OHH ODBCIHHAIOT HUCTHIEI € PASHBIMHE
CITHHAMH H PA3HbIMH 3HAUCHHAMM BHYTD. KBAHTORLIX HUC
HacTuisl (COCTOAHHSA), NPHHAUISKAILMC OIHOMY Cylep-
MYNbTHIIETY, H43, CYHEPHAPTHEpaMmu. Kak orveuatoo,,
CYIIECTBOBANHE CYNEPHAPTHEPOB-—O;HO 3 HAMB. BAKHBIX
K4YeCTBEHHBIX npeacka’anuii C. B cyHepeuMMeTpuinbix 06006~
LIEHHAX OCHOBHbIX TEOPETHKO-TONCBAIX MOJICICH (DHIYPHDPYIOT
CyNmepHAPTHCPBl H3BECTHBIX 4acTHIL JL:19 HUX YCTAHODHINMCH
CHEIl. HA3BAHHA. YKakeM HauG. pacrpocTpanCilHBIC W3 HHX
B xaaumodod saexmpodundane CKANAPHBIH CyHepIapTHIp
ONICKTPOHA Ha3. C21CKT PO HOM, i CIHHHOPHRIA CyHEPIapIucp
hoToHa—QOTHHO. DACKTPOH M CONCKTPOH OOPUIVIOT Cy-
NEPMYJIBTHILIET, COOTBETCTBYIOLMH j==0, poTou 0 HoTHRO —

]




CYNEPMYAbLTHILIET, COOTBCTCTBYIOWMA A= 1.2 B waaumason

XpoModuHamuxe CYNCprapTHCp  KBApKA  TOTYMHT  [A3B.
CEBAPpK, a CYNEpNapTHEP IT00HA — 2towe. B Teopuu v.iek-
mpocaaceo eaumodeficmaius Cynepuapraipm W- n Z-6030-
HOB Ha3. BUHO W 3MHO. B cyneprpaputanmn cynepuaptuaép
[DABMTOHA, UMEIOLIMHE CIIMH 3/2, HA3BAH pagumeig

B ciyyae touwnol C. (HCHAPYIHCHHOH) MAaCChl CYnepnapt-
HEPOB JOJKHBI ObITh OAMHAKOBLIMH. ONHAKO B OnbITe HO3O-
Hbl H (PEPMHOHBI ¢ D4BHBLIMU MACCAMH HC OGHAPYRCHBI. OT-
eroaa caenycer, ¥To C., aJCKBATHAA 30KOHAM NPUPOLI, 10TK-
Ha OBITL HADYUIEHHOH.

Pa3spaboraHbl pa3i. MCTO/AbI MOCTPOCHUA TCOPHIE ¢ HUpy-
WeHHOH cCHMMeTPHeH. Hek-pble H3 DTHX MET0/108 LiPHMCHHUMDL
TAKKE H K CYNMEPCHMMETPHYHbIM Tcopuam. Ha ux ocuose
JAENAOTCA TOHBITKH TNOCTPOCHHA PELIMCTHY. CYNEPCHMMET-
PHYHBIX MoAC:eH. Pasil. MOCITH JTAKT PasHEIC TIPSACKAAIIA
JUTA 3HaYEHHH Macchl CynepnapTHEPOB

IpaccManoBbl YBeAZ. B HOCTPOEHHHM ATIUPATA CYHEPCAMMET-
PHYHBIX TEODHI PyH/(AM. PO.Th HIDAIOT FPACCMAHORDLI HHCIS —
neMeHThl fpacemana aseedpel. Anrcbpa I[paceMans —oHa
M3 TPOCTEHIIAX [PAAYHPOBAHHBIX ACCOUMATHBHLIX anrcdp
¢ eguunueil. E€ obpadyroumne ay. ..., ¢, N0 onpeienciiio.
HEYETHBI H HOAYHHEHBI COOTHOIGHHHM AKTHKOMMYTAIMU
aja;+a;a;=0. B cany oTux onpeacsieinit see neudTinie ie-
MEHTbI anrebpbl [paccMana MeXIy COBOH AHTHKOMMYTHPYIOT,
@ BCE YETHBIC NIEMCHTBI KOMMYTHDYEOT KdK MCK/y COBOHR, Tk
H C HEMETHRIMH 2IEMEHTAMH.

IpaccMaMOBBL YHCIA MIO3BOIHIOT YCTAHOBHTL CRA3L MEXUY
cynepanre6poii B HEK-POii rPYNTOH H T¢M CAMbIM 1ICPCIlTH 01
HECKOHEHHO MAauTbIX MNCOBPaIoBAHMI K KOHCYHBIM HPCodpaio-
BaHHAM C. B ciyvae anrebp JIn oeMeEHTBI COOTBCTCTRYIONICH
IPYHIBI OOPA3YIOTCA € NIOMOIUBEO IKCTIOUCHIT. (h-/tbl. AHATO-
[U4HBIM 00pa3oM W ANA CYNCPrpyNnbl MOXHO HOCTPOHTI
IKCMOHEHLL. BBIPAXCHHSA

expy b, B, (7}

3nech B,—reHepaTopsl cynepamedpbl, a4 h,— NapaMeTpht
rpymmbl. OAHAKO €CIIH B KAYECTBC NdPAMETPOB BISThH OOLIYHBIC
YHENA, TO BEJM4MHBI (7) rpynmel He oOpasytor. lus toro,
4TOOB OHH OOPA3OBAIH IPYITY, HYXNKHO B KAUYCCTBC MAPAMCT-
POP B3STh TPAccMaHOBBI MMCAA. [IpH HTOM a0MKHO BLINO.-
HATLES HPUBHIIO! MHOXHMTEIM MPH UETHLIX [CHCPATODAX -—
YETHBIC NIEMEHTBI, d IIPH MCYETHBIX — HCYCTHBIC. |PYImbL. T10-
CTPOEHHbIE TAKHM cnocoGOM, OBLILII0 HAY, cyneprpy i
MaMH.

B npocThIX PAPHAHTAX CYNCPCHMMCTDHHHBIK TCOPHA HC-
TIOTIb3YFOTCH TPACCMAHOBEI YHCI4 € HCTLIPLMS OBPA3YIONHMH
ANA K-pbiX BBOAATCA cHell. oBoduadcuus: 0,. O;. Muoacken
o H o MPHHHMAIOT OBA 31da4eHHS. Takue 0BoIHAUCHUA NpHCTo-
coBneHbL K TOMY, HTO 06pasyroume (1, 4 0; SBAHIO 1 CF TBYXKOM-
TOHEHTHBIMH  BEHIIEBCKHMH CTHHOPAMH,  [peobpu3yronitmu-
€S N0 KOMNIIEKCHO-CONPXEHHLIM NPCACTABICHHAM (PYIbI
SL(2,C). IIns rpaccM4HOBBIX YHCE TOCTPOCHA HE TOILKO
COOTBETCTBYtOUa8 a:qrebpa, HO u annapat aHaguszad. Och.
OTHOCSUIHECH CIO/IA PC3yJibTaThl W3loKeHEl @ A. bepeidHbim
B [4]; eMy HDHHaANEKHT BCAYLIAA POTH B PA3PAOOTKE 1TOTO
pa3/jiena MaTeMaTHKH.

OcH. OHEpauMM ANreOpbl W {UHAMHIA LA TPacCManonbix
qHcen ¢ 0OpasyouMMH 8, i 8; onpeacatores cica. oOpasoM.
TToAHATHE H ONYCKAHHE MH/IGKEOB APOH3BOMICSH & HOMOILLIO
AHTHCHMMETPHYHOH MATPHLBI &

0% =78y, 0,=¢,,0".

oy
€76 =8F

(8)

(Takue xe (-Jbl CMPABSAVIHBLI [UTH BEIHYWH C UYHKTHPHLIMY
uHAEKCAMH.) [10 JBYM OIMHAKOBbIM, BEPXHCMY M HHXIICMY.
HHACKCAM TPOH3BO/IUTCA CYMMMDOBAHHC. Bennumnnl  THOA
9p=90%¢, u 8¢ $* ABJIAIOTCH JIOPCHUOBBIMIL CKATAPAMIL
Juppepenunpopanne HO 0OPUIYIONIMM  HPOHIBOMIC  HO-
CPEeACTRBOM AHMGHEPCHIL. ONCPATOPOB

01003, 9
Moekosbky rpaccMaHOBBI GHCIIA TINE/CTABBIKIT €OGOH CYMMBI
npou3BedeHHH 06pasytouinx B, oncpanun JIHPQepeHIUpOBA-

ax

0,=20/80%, &y

3 ®manueckas MUMKIOUSIHA, 1. 5

HHS (9) MOUYT ObiTh TPHMCHCHBL K TEOGOMY [ PUCCMALOBY
gucay. T.K. yTu onepandu HEUETHBIC, TPH IEPCCTAHODBKC OTIC-
paropa JdhepeHunpoBaHs (9) C TH00bIM HEYETHBIM DICMElL-
ToM anredpsr [paceMana RCOBX0IMMO H3MeHn T 3Hak. Murer-
PHPOBAHHE ONPEJICIICHO C TOMOILLIO (-1

Jd0=0, [0d0= (10)

Jiecs 0— uobas w3 obpasyiomux wiredper Ipacemana. [lo-
BIOPHOC BPHMCHCHHE MPasiit (10} NO3BOJSET BLIMHCAHTL M-
ICIPAT OT SIODOI0 [PACCMAHOBA YHCY. JLusi onpeienéinbix
14K OuCpati AMPOEPCHIMPOBALIMA U HHTCIPHUDOBATIMA 10
AHTHKOMMY IHPYHOUIMM [ICPCMCHHBIM CIIPABCAIHBIE (C OHCBH L~
HBIMH H3MCHCHIAMMI) OBbIUILIC IPUBHAL HPCPCHIMATLHOIO
M MHICE PILIBHOTO HCYHCHCIMS. B vacthoc, (-1

{d0°e, ¥ =0 (1

cupasessna s ioboro rpaceManona yneta . Cootho
mieHse (L) HENOCPeAcT BeHNO Creyel W3 HPABHI HUTE PH-
POBAHIA.

Cynepnoas. OCH. KOHCTDYKTHBHLM KICMCITOM 1PH 11O~
CTPOCHUH  CYNICPCHMMETPHUNBIX  TCOPHI  SBISIOTCH Cynep-
1O, UPCICTABISIOIHE CoBOH HACMeNT Ll aitiedpt Tpaceva-
1 ¢ obpatyioimMu 0, KodpPIHeHIaMH 1P K-phIX CYEAT
3. noss (M. TaKRC (ynqm/vmm/nu/uumu Kax.1oe ep-
TONIC OO LEAMHAET HECK. (PU3. HOJILH ¢ LCIBIMK 0 MGIYLICTBIMA
CHHAMU. BIarosips cyucpioasy . yiaioch NpH-Th CyYLep-
CUMMCTPUYIIBIM TCODHAM  POCTYto popMy. Te ke TeopHu,
BBIPAKCHHBIC YCPE3 KOMIOUCHTHBIC LONS, BUILAKALT $SHAYH-

CHBHO COOKHLE,

Cynepnoas aud. npocroro BUE — Y10 CILIHPHDIC KHPAJIb-
HBIC CyTepilodn. OHI XIPAKTEPHIYIOTCH TCM, WTO CO/1epkAT
ABO TOIBKG NPOU3BEACHHS 0bpasyromux O, 1Mo Toabko
odpaiyioux (. COOTBCTCTBEHHO CYUICCTDYIOT JIRA THMA KH-
PAIBHLIX CYHEPIIOACH — ACBOE # 1PUBOE:

D) = A(x) + Op{x) 4 DDF(xy.
Bp= B(x)-+0Q(x)+ 00G (X)),

(12)

rac A(), Fv) B @,(x)— KOMHOHCHTIBIE 110151 JCBOI O CYUCD-
noas (D,,(.\) {x—TOYKi UPOCTpaHCTBa-BpeMcHH).  [lons
4 W ['— CKAJIADHBIC, JABYXKOMIIOUCHTHLIA CIMHOP § — JIeBOC

KHPUILHOS  N10J1C.  AHAIOTHYHBIMK  CBOHCTRAME  ODJIILAIOT
KOMIOHCHTHBIC TIOJIA HPABOL O KHPLALIIONO cynepHoan Gyp(x).
COCPAUHICTO TIPABOC KHPAILHOC Node ¢(x). Ofa cynepnons
SBIIIOTCH JIOPCINIOBBIMH CKaispaMu. lpy npocrpadcrBeHHON
HHBCPCHH JICBOC KUPAILHOC CYNCPNIOIC TepeXojiMT B HPABOS
H Ha000pOT. BechbMa BaXIO €A1 COTNAIIEHHE: CKAISPHBIC
nonsg A(x) u F(v) (11 BooOIIE 1T0MA 1EAOI0 CNUHA) KOMMYTHPY-
T APYD € JAPYFOM H €O BCCMH OCTWTBHBIMU TIOJIAMA, TOT
K4K COMHOPHDIC TOAR (o) (N0 MOAYICIONO CHHHA) ABIS-
107C8 Heu€ 1 UBIMH JICMCHTAMH aicOphl [pacesmana. a (o —
wétnevi. Brarogaps sroMy cynepuoi (12) KOMMY1HPYIOT
APYT € APYLOM,

Kupuabiibie cynepnos (12} xopouro s.CIoCTPHPYIOT HpUi-
MO NOCTPOCHAs cytepnosici. TIpusepom cynepnois obiuero
FHIEL, COACPAKALICTO BEC 0OPA3yIoUne 0, SBISETCS BEKTOPHOE
cyrnepnosie

V(x)=a(x)+09(x)+0p(y) 0" Bu () +
F Q0D (x) + 005 (x) + 000F (x) + OBGW (x) + 0009 (x).

F1 0 KOMIOHCHTHBIC TIOJIA: MCTLIPC CKAHPHIIX HOjIs a. b, h H ¢,
4eTHIPC CHHHOPHLIX @, @. W, ¥ u 01680 BexTopHOC b, C HAAU-
UMEM BCKTOPHOM KOMIOHCHTLE M CBABAHO 1143BATIHE CYMEPIOoNs
(13). [ToMUMO PACCMOTPCHHBIX CKAJMPHLIX CyNeprnolici cy-
HICCIBYIOT CYNCPHOAA ¢ DAl JIOPCHIIOBBIMH HILICKCAMM,
IAKAC ¢ HHACKCAMH, OTHOCAUIMMHCS K BHYTD. CUMMCTDHAM.

B scopusx C. y106HO NOb30BATHCA CTICH,. NPEACTARICHHCM
4;reBpbl CYNCPTPAHCIIAIHA (2), B K-POM 1 CHCPATOPBI BhIPaKC-
HBL HEPEs ONEPUTOPLL, ACHC IBYIONINE HA CyHepro 14, Onepatop
4-UMIYIILCA BHIPAKACTCA Hepes Ulltpd[op JuidepeHIMpoBa-

(13)

HUA O KOOPAMHATE: P = —il,. 2 CHHHODHBIC TCHEPATODLI
fepyTes B BHAC
- _ u &«
Q,=0,Fia k0%, (14)
Q —il0"o ke,

CYNEPCUMMETPUA
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JICCh Oy MO, —— AHTHEOMMY THPYIOLAY H(pepetiL. oriepaTo-
]’7bl 9). l'ulqmmpl,l (14) YHOBIACTROPHIOT HCPCCTIHOBOMIIBIM
COOTHOINCITHAM (3). i ONCPITOPLL UPHMUHHMLL & CYLCPHO.IM
obimero BT {133 MOXKHO BOCTPOMTL aURAIOTHUTILIC Upe/L-
CTURACIIHS ¥ A8 KAPAALILIX Cyneproici. Bee siu npeetan-
JICHUS IKBHBAICIINTIRL, 81 ll|)C(\ﬁ|).l'JL\li(\IIllC AT QAHOLO TIpC,L-
CTABACHUS K APYVOMY HPOHIBOAH ICS TIPIL TOMOIT ONCPUATO:G

TN 5

0507, s

CyueperM™MeTpuanoe (eicrnie, CyIepno;is obammon pei-
HBIM CROBCTROM! HPOHIBC/CIMC CYTICPUO 1CT JTTHOIO 1

SIBIACTCS CYNCPIOACM TOI D KC VHIIL. “ITO O3AUICT, HTO 1gKOIE
NPCOBPABORANHA IPOHIRCCIINS CYTICPHOACIT IPH CYIICPIPanc-
JSUMSX TOT KC, 1O 1 HIKOH (IPCOBPATORIIHS MIORK TeTcli
TTPH TICPEMTIOKCTIME CYTICPIIOLICH PATHLIX FHIOB HYKIO Ol -
JCOBBIBATL HX  3UKOUBL IPCODPLZOBAII. 10 1OCTNT Qe ¢
BBC/ICHHCM DAL, cTeneneii oneparopa (15)

ITO BAMCUDHHC TTACT OBITIH MCTOT TIOCTPOCHHS CYIEPCH M-
METPUIHBIX TCOPHE. TTPOHIHOCTPHPYCM CLO 1d BPOCTCAIICM
HPHMEPE CUMOACHCTBIS KUPALIBIX CYiepnoaeil. B yTom cov-
q4¢ ICHCTBHC (B HCCKOMLKO exeMaTu. JopMe) Pianio

Jdx {2 0d? 0 by

+ fd 0onw;

X
[ON

sy Jd 0 1 gD (16
U HACTHIL CY HCPMYILTHILICT, g — Oe3pusyep-
nas koneranra enssn. Cynepiornst @y byl B0 LIue 3 BL-
paskerne (16), IPMITTOBO CONPAKCIIDLE, B PC3Y. T TATC UCTO Bl iv-
UHHA JICACTIISN S OKI3HBUCTCN BUIICCTRCHHOR. Y 10BIC Hpail-
TopOH conpsiaéunoctn cynepnodach @, n O, wakiaALIBac
CBAH 1 KOMUOBCHTHBLIC 108 8 nuapakeuinix {12), Tedanneu-
MBIMH OCIUOICH ABil KOMILACKCUSBIN CRABIPIBIX 05 A {x) 18
FLO) w saiopanosekinit cnntop W Ivi. COCTaBACHNLIE 13 nya
CONPSKEHABIX LIBYNKOMIONSITILIX WRITOPHBIY BOSCH i) 1
@LX). Mepes OTH HOAS BRIPEAACICH CHC e S 1HOCIC L1t

PHPOHILHES 110 aH THKOMMY THPYIOTIHM iepevenitiyve. Bonooy -
HITBIICMOS BRIPACHI 1100¢ F(V) 5y S IPOIBOCTHLIN
Hekaouas 910 10:AC 1PH HOMOIUE YP-HIE ABIDKCHTIN, MOKHG
HPHAATE ACHCTANIO S CTIL@QPTILE DHILTCOPHHE BYX B 3aMo-
SIGACTRYIONMX HO,ICT — KOMILICKCTONO CKUSIPHULO 1O.b1 (V)
# CIHHOPHOL O 105 W v). O6a 7V TH TOIs HMCOT OHIKOBLIC
MACCHI. BIaHMONEHCTHBIC TIPLIC DI ICH B BHIC CYMMDL MLIC

HOB TPCTHCI O 11 4CVRCTO1G HOPSIKOR 0THOCITC RO Ho.ich
KOHL!JHII,I BRIUNO, lLlrIL IBHIL BBIPUANIOICH ICPCS RUHC TUH-
Ty 2. Cocran NOACH, BXOUSIIMX B 1Y TCOPHIO. COOTDCTICTRYCY
CynepMyIb THILIe Iy Hpk =0 Fla vTos npisicpe MORIo inpo-
CHCHHTL  XAPIUKTCPUBIC SCPTIL UYTICPCHAMCTDIHLD. 1eopil
nozs. Bee raxne reopun apeactsion cofoil BiaiMosciic: -
BUC OIIPCAC:t. Habopa (3. Soneii, NpHudy CHITELL DITHX o
TNOAYHANCOBLT TIPABHALM noCrpocitis CMICPMY IBTHILICT OB
4 BIAUMOJICHCT BUC HMCeCT CIIet. BILL.

YOCAMTHES B 1TOM. F10 JeHCTBIC S, weintoe i opse (161,
CYOCPCHMMEC IPHUIO, 1. ¢ IO Q1 IOCHTEILHO. Gecko-
HEYHO MANLIX TIPCoDpasoBatinil cyneprpageastusii (1d), Moo
il 0bpazom. B ciily cBoiCTs npomapcIcHiE cyliepiio:ieil
OT/T. CTANACMBIC B fIOALIHTCE PALION BLIPAKCIIIH MOKIO Pilcs
CMATPHBIU T KGR (COCTIBILIC) oviieprioss. Hosromy deckonen-
HO MAILIC CYLCPEPAlCBuit. upiscenéininie K oL MUow-
TCTIAM, TICPCHOCHTER 111 PO IEOSTBIHTE PILIBITOC BRI PAAKCHIIC,
TP yToM WICHDI, COACTRUIINC AIFTHROMMY THPYIOUIME 1PO1i-
BOJAUBIE L . \“)]7\|lhll(‘|L}| LoalvIL BoCiy COOTIOMICHHAR 111
(I, n /luunmc OHEPATOPOL (F, CBOUIICH K TIPOCHPALICTBE -
HO-BPEMCHHOM JIMBCPICHITHAL ICUHIOMICH NPT HITC pipona-
HUH 110 KOO, UHTL LN,

YRABHHBIH MITO,L 00T PORUIS CYICPCHMMCTPHINLIN (00
pMM MOXKCT OLITI \)(\(Vhlllk.ll HA OOLICC CHOKLIBIC L IRV ||}‘ldl—
THYCCKH /LIS _000H CiCiemnl BiaUMOAeACT YOI o1l
MOLYT OBITL  HOCTPOCIIL COUTHCTC MY IONIAC  CYIICIIHIL 101 .
B UacTHOCTH, PACCMOTPCHLL L_\IILpLIIMvlLlPH‘IHHC reopi S
ra—Muiica. B orakux 1eopisiy poith BCKTOPHOTO kil iibpo
BOUHOIO 10,18 HEPACT BOK1Topioc Sviepioae (13). C nomouio
CYDCPCHMMOE TPIFHLIN FCOPUIT I S UEICOUCKOT O TR 113y vy
JIHCH CYTICPODOOIMCIIHS TCOPII LICK T POCTIHOT O M, 1iic ] -
BESIL G CTAKKE MOACTHCT GeRr ovsedncnst. Bonoccpies

3aech 1 — M

cayuae CnosBossier {110 KpaikeR Mepe, b NPUHUKIIE) TOXOHTH
K PCINCUATO UCHTPUILHOM ‘UIA BEIIHKOro 00beAMHenus npob.ie-
MBI 1L AP, BakHYIO POZb B OTHX TCOPHAX HTpaloT
pasi. cnocodu napyuenns Co C GH3. TOYKM 3peHHS, Takdc
YOI HIICPCUIILE TEM, T B ITHX BO3HUKACT 601bIIOC KON-BO
HOBBIX, HC PACCMOTPCHHBIX DAHCC LIPONCCCOB, CBA3aHHbIX ¢ Ha-
STHYNEM CYIePIapTHEPOB. Lllupokuﬁ KJlace TeOpHH. concpka-
HIHX SACTHIELL CO CHHHOM 2 {UDABHTOHBL) H HX Cy ICPIApTHEPOB
€O ClpkoM 3,2 (IPABHTHHO), COCTABNAIOT COACPX)AHUC CYTCp-
TPaBILUIH.

FICROrophie ¢ ICTIHE CYNCPCHMMOTPHE, PRI KAYECT BEHHBIX
CACACIBIIL UL Dbl YKW3AH BLULC. JTO H (CPBYIO O4cpeilb
HOABICIHC CVIIEPMY. ITMMIICTOB, T. €. CCMCHCTB Y4CTHL, coaep-
AHHAX SACTHILLD KUK NEN0U0. 1ak H HOAYHC 01 Q CTIHHA U Bbl-
CIYIUONUIX BO BCCX HPONCCCAX HA  «TIPHTCTHRIX» HAYANAX
{C 1oUNOCTBIO 10 BUIMONNOLO napywicsus Cl). cyyace
pavutitpatisoit Coon cyNepMyTbTHILICTaX MMEET MECTO Kop-
PLUSIHS MUK LY CHHEAMH 94CTHIL H TTPAMETPAMH, OTIHCHIBA-
TOHUIMH BHYTD. CHMMCIPHIO.

OAKO CYIICCTBYCT TUKKRC PRA AP, «TCOPCTHYCCKHX» 3-
Qekron surckaronmx 43 C. 9Ti adexTrr B Haub. oTYET-
AMBOH GOPMEC HPOSIBIAIOTCS B MCTOAC CYNCPHONCH H OCTIOBAH-
oG G NGV el PiUMVMHOR teXHHKe. B MeToae cymepHonei
HpeR TLL CnssanELe ¢ cynepniaprHéPaMH, cobUparTCes BO-
Ciinio. TIpH )10M BETRUINL CYNepnapTHEPOR HWHOTA KOMIIEH-
CHPYIOT P31 pyEa. 13 pesysTare 1POMCXOSHT COKpallleHHe
FALIIDUOICIROG BN PUCXOOUNOCel, XAPAKTEPHBIX 18 HECY-
HEPCHMMC IPUUBLIX TCOPHIH. OTMETUM TEK-Dble BaXHBIE CITY-
M TAKOIO COKpalicHMA. B cymepcMMMETPHEHBIX TEopHAX
JUEPIHS BAKYYMA PABHA 11YTH0. ITO CHA3AHO € TOX/ECTREN-
HLIM 0OPAIUCHHCM B 11Vl BCEX BAKYYMHBIX meTens. Obpaina-
KYTCH B 11y FIKKC «TOIOBACTHKHY — BENATbI JHATPAMM € O;1-
nus BECHM. Konnos. COKPAULIIOTCS  KBa(PATHYHBIC pac-
XOUIMOCTIE B AGICCOBLIX uienax 6osoHoB. T.o.. B cynep-
CHMMCIPHYHLIX  FCOPHAX HCC PJIHAIL HHONPABKH K MaccaMm
ACTHL MOTST PACKOSIMTBCA TOTLKO MOFapHIMUYECKH.

OICC ICHLIBIIOC PACCMOTPEHHE TIOKA34.10, 4TO HEK-pbIC
CYIICPCHAINCTPHYHDIC TCOPHH 1OJI OKA3BIBAKOTCA KOHEYHbI-
MH~- BN B00DIIEe oTey1eTBY T Y®-pacxoaumoctu. [Mo-
CIPOCH ICIILI KTICC TAKMX TCOPHH.

CynepeuMme rpHiHan KBRHTOBAs MeXanHKa. Anrebpa cynep-
TPONCISUHE W OCHOBaMEAsS Hi Heid (. 0TpaXkaloT clieUn(HKY
PeAsTUBHC ICKOH KBaHTOBOW TeopuH. K »Toit obnactu oTHo-
CHICS OCTL Mitccu pudoT M BAKHCHILMC PE3YNIbTATb], CBA3AMHBIC
¢ CoOEe b B HCK-PLIX AP, 00nacTax sayks metonnl C
TAKKC AL 1L10,101TBOPHOE puMelieike. TloMumo auebpes
Cyneppalcasinil (2), cyoieersyer paa Jp. cyncpanredp. na
OUHOBLC K-PLIX MOXKITO PAIBHBATL CYNEPCHMMETDHYHBIE TCO-
PHAL PUCCMO TPHA KPaTKO TPOCTERILIYEO H3 TAKHX cynepanrebp

S=1H. Q.0 an

K-pust HOPO#ICHL OHAM METHBIM TemepaTopoMm H W aBymsa
tieué LM renepatopavi Q. Q1. Teleparopbl cBu3aKbl tepe-
CLIBOBOTHLIM COO FHOIICIHCM
lo.@'1 =1

Bie 0CTIABHLIE KOMMY [ OPLI DABULI HYJIO.

Fla Sase eynepainedpet (1 /) CTPOATCA Pa3N. BAPHAHTBI Cy-
LEPCIMME T PHYIOH KBaToBOR Mexanuki, Obmas cxeMa o-
Crpocting Ghosd. 1poct pactBo ecxmopod  cocmosiiuil -
T ONBICTCH B IPANMYI0 CYMMY IDOCTPAICTRE GO3OHHBIX
HOPUPAUIOHILIN <O rosiii. Y100H0 SAIIHCBIBATE BCKTOpP CO-
CTOSINS B BYNKOMIOUCITHoit gopme

v (/w')
W

1IC BCPXESISE KOMIOHCHTE IPEACTABISCT coGoi (hepMHOoHHOE
COUTOARIC. LKA - - Bosornioe. CIeayeT NoJI9epKHY T, 410
P ICHIe COCTOS IR B BO30HIBIE U HEPMHOHHBIC HOCHT
JOBIEBIT XUPaKTCP 1L HC CRS3IHO ¢ NPUCYTCTBHEM PEaNbHBIX
VOBOIOE 1 hepvEoTon. boaee TOro, HET K-, PeryJIfpHOTO
Ao onpeestenis postucris (19). Slsubii 8Hj 9Toro pas-
Diteling Cosenl ¢ KOHKpeTHOH sagadeid. [enepatopw Q, aeH-
CTBVIONITIC By BeKTopL (19, 3d:@10Tes B MaTpUYHOR (popMe:

(18)

(19




0B +_{0 0
Q:<00 2 =g o) 20
3gech B— oHepaTop. AeACTBYIOUIMI HA «GO3OHHbIEN NEPEMCH-
Hile, BY — conpsxEéHHbIi onepaTop. [eHepaTop H oTOXRECTB-
JISETCA © TAMHIbLTOMHAHOM CHCTEMEI, OHPEAENAEMBIM C HO-
MOILbLIO COOTHOWECHAS (18):

i 1
H=E[B,B*]++E[B,B*]_c3, @
e 03— Matpuua [laynu, nefictByioman na sekrop (19).

KOHKPCTH&S{ Cy“epCHMMCTpH'—IHaﬂ KBAHTOBOMEXAHH'. 3a/a-
4a CBOJMTCS K OHDENCICHHIO BWAA onepatopa B. [ns oxHo-
MepHOH cHcTembl oHepaTop B yno6HO HpHHATL B dopme

1

B=—zlip+W(x)). @2)

V2
rae ng)—npomnonbuaﬂ ¢-uMs KoOpAMHATHI X, a p=

= —id/0x —onepaTop UMHYNbcd. [AMAILTOHHAH HPHHHMAET
OBBMHBIA BUI:

1
:E(pz+ W2 (x)+ W' (x)os). (23)
3TOT TaMHIILTOHHAH COOTBETCTBYET CYNEPCHMMETDHUYHOH
KBaHTOBOMH MexaHuke Burrema (E. Witten, 1981); cro enektp
obmajaeT XapakTepHbIMH OCOGEHHOCTAMM. Bee ypOBHHM ¢ DHep-
rHelt >0 OBykpaTHO BLIPOXAEHb. OCH. COCTOSHHE HE Bbl-
POXJEHO TOALKO B TOM CJIyYae, CCJIH CTO 3HEPT WS PABHA HYJIIO.
Onupasicb Ha 3TH OBa CBOWCTBA, B OTA. Clydasx ymaércs
TIONIHOCTBIO ONpPEeAe/IHTh AHCKPETHBIH CHEKTP raMHIIbTOHHAHA
(23).

LA HeK-pLIX KOHKPETHBIX 3afiad C. paceMOTPEHHOTO THHA
ABJIMETCH peanbHoil (ud. cuMMETpHed. Hawnb. Bakmbid ciy-
4ai—3eKTpoH B MarH. Hoje. B aTolt 3apade C. Bo3HHKaeT
INIS CeAl. THIIOB MATH. MOJIeH: «ABYMCPHOE HOJe», T. €. TIOJIC,
HATIPABJIEHHOE TIO OCH Z H npon:uaom,nuu 06pa3oM 3aBHcsLIeE
OT KoOpIHMHAT x H y: B,=B, B.=B_(x, y); TpéxmepHoe
TOYie C OMPENEN. YémHocmuio: B(—x) tB(x) B 3THX 1BYX
CNy4asX MOXHO ONPEIC/IHTL TEHEPATOPhl ( € HYXHBIMH
CBOHCTBAMM, NpPHYEM B KdXK/JOM CJly4ae IOCTPOEHHE IPOBO-
JMtes no-pasHoMy. Tax, B NCPBOM Cly4de KOMIOHEHTHI BEKTO-
pa(19) XxapakTepH3yOTCs 3HAYEHHAMH NPOCKLIMH CHHHA HA OCh
Z, 2 BO BTOpPOM CiIy4de—uETHOCTBIO BONMHOBOH ¢-unu. U3
3JTOr0 MPHMEpA BHCH YCMOBHLIH XdpakTep BBeleHUs GO3OH-
HHX H )CPMHOHHBIX CTEHEHEH CBOGObI.

HurepecHrrit npumep C. ofHapyxuBaeTcs B 3ajaue O JABH-
KCHHH CHCTEMBI MO/ JIEHCTBHEM CllyvalHOM CHbL. DTa 3aaaya
H3 TEODHH CTy4allHBIX HPOLECCOB OKA3LIBACTCH (OPMAsLHO
AHAIOTHYHOM CynepCHMMETPHYHON KBAHTOBOM MeXaHHKe.

Jing Gonee MOAPOGHOTrO O3HAKOMJIEHHS € Pa3il. dCneKTaMH
C.om, [5—10].

um.: 1) Tonbdana FO. A, JJuxtman E. I1., Pacuuupenne an-
r¢GpH reHepaTopop rpynnsl [TyaHkape M Hapyluenue P-HHBAPHAHT-
wocTH, «flicema B XKOT®», 1971, T.13, 8.8, c 452; 2} Boun-
ko . B, Axynos B, Il., O BOIMOKHOM YHHBEPCAILHOM BIZHMO-
HeACTBHH HeHTpHHO, ((HHCbMd B XITD», 1972, 1. 16, B. 1, c. 621;
IWess )., Zumino B.,, A Lagrangian mode] invariant under super-
gauge lransformdtlom «Phys Lett.», 1974, v. 49B, p. 52; 4) Bepe-
3% @. A., Beegenue B a1re6py H AHAJH3 ¢ aHTHKOMMYTHDYIOLIHMH
nepeMeHHEIMH, M., 1983; 5) Oruescukuii B. U, Mesnuwecky J1,
CHMMeTpHE Mexay 6030HaMu H depmuoHaMH u cyneprions, «Y®H»,
1975, . 117, B. 4, c. 637; 6) Tennenmelin J1. 3., Kpuse H. B,
CynepcuMMETPHS B KBAHTOBOH McXaHHke, «YOH», 1985, 1. 146, 8. 4,
¢ 553; Buconkuii M. U., CynepcHMMETPHYIIblE MOAC/H HIEMENTap-
HhIX 9ACTHI— pH3IHKA VA YCKODHTEIEH HOPOTO IOKOJICIHA?, TaM Xe,
c. %91, Apedresa U. .. Bononuy HU. B, CynepcHMMeETDHS: Teo-
PHE Ka}lyubl—KneHHa, AHOMAJIHH, cynepcrpynu TaM xke, ¢ 655
BaisunenuA H.,3axaposB. U, llludman M. A, Uncranto-
THB _CYIIEPCHMMETPHH, TaM )KC e. 683; 7)Becc 1O, Ber-
IF;, CyNepcHMMETPHS H CYNeprpaBHTanMs, Nep. ¢ aHrid, M.,
; 8) Axresep A. U, Menetmunckuit C. B, Mons ¥ dynna-
MeBTNILHBE BianmonciteTsus, K., 1986; 9) ¥ acr I1., Beenense B cy-
DEPCHMMCTPHIO H CYMeprpaBHTaumMio. nep. ¢ asri., M., 1989; 10) Cy-

NEPCAMMETPHS, KaMHOPOBOYHBIE MOJS H KBAHTOBAHHE, 6. cTaTeH, moxn

ped. B. 5. 0dnu6eprd, M., 1993. 0. A. Ioavano.
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CYNEPCTPYHbI — pe/iATHBHCTEKHE  CYHEPCHMMETPHUHRIE
npoTsxeénnnie 06bekThl. C. ABNsOTCR 0OOOIICHHEM HOHSATHN
6030HHOM peIIATHBHCTCKOMH CTPyHbI (CM. CripyHa peasmusucm-
(Kaf) € BKIIOYEHHEM (DEPMHOHHBbIX cTencHed cpoGoAn. B 3a-
BHCHMOCTH OT BHAA TPaHHYHBIX YCNOBHH s (EpMHOHOB
pasnn4atoT cTpyHel Pamona (P. Ramond, 1971) u Hesé —
IIsapua (A. Neveu, J. Schwarz, [971). [IpH 3TOM cynepcum-
mempus MoxXeT ObITb pealH30BaHa ABOSKHM OOpa3oM: kak
JABYMCPHas CYNCPCHMMETPHSA Ha MHPOBOH HOBEPXHOCTH, 3aMe-
T4CMONH CTPYHOH IPH CBOEM JABHKEHHH B IPOETPAHCTBE-Bpe-
MEHH, JIn6O KaK HPOETPAHCTBEHHO-BPEMEHHAS CYHEPCHMMET-
pus. Ilocnenuuit ciyvail oTBewaer crpyHe IpnHa— IlBapua
(M. Green, J. Schwarz, 1982).

Ipu ksauToBanuu C. HpenctamnseT eoboit GeckoHeunyio
NIOCNICAOBATENbHOCT  HOPMAJILHBIX ~ MOJ— NOC/IEA0BATENb-
HOCTB MACCHBHBIX COCTOSIHHA B KBAHTOBOH TEOPHH ToJis. Pae-
ensieHne Mace Am? HPONOPUHOHANLHO HATSKEHHIO CTPYHbI
7. B teophn C. T~(10'° I'sB)? [s cucteme emunnu = E
CnekTp MAacC Ha4HHAETCS C HyJIs M, B OTJIHYHE OT TEOPHH
6030HHON CTPYHBI, HE COAEPXHMT maxuona (T. €. COCTOSHHS
¢ MHUMOM MaecoH). [Tocnie/ioBaTeTbHOE KBAHTOBAHHE B TLJIOE-
KOM NpPOCTPAHCTBE-BPEMEHH OKA3bIBACTCH BO3MOXHBIM TOJIb-
KO B KPHTHY. pa3sMepHOCTH. [lns 6o30HHO#H cTpyHR D, =26,
1St hCpMHOHHOM — D (=

CTpyHbl OBIBAIOT OTKPRITEBIMH W 3aMKHYTBIMHU. OT-
KPLITBIC CTPYHbI B Ka4€CTBE HH3IIMX GE3MacCOBBIX COETOSHHME
COJIEPXAT YACTHIB CITHHA | —kBauTH Suza— Muaaca noas,
3AMKHYThIC — YaCTHLbI CITHHA 2—zpasumoum. a B crydae C.
COMCpXAT W WX eYNCPNApTHEPLI CHWHA 3/, — zpasumuno. Ha
3ToM nyTd B TeopuH C. BO3HHKAET JIOKA/IbHAA KBAHTOBas
TCOPHUA HOJIA, OOBEAHHAIONIAR TPABHTALHIO H ToNs Snra—
Mujiica— HEpEHOCUHKH  Beex B3aumofedcTeui  [[x. Mepk
{J. Scherk) u Qx. llIsapn, 1974].

Ha paccTosHMSX, MHOTO OOJNIbIUHX NAUHKOBCKON OAuntbt
(~1073? cM), HJIH_[IPH SHEPTMSX, MHOIO MEHBIIMX NIaHKOS-
ckoit macent (~10'° THB), MACCHBHBIE €OCTOSHUS OTLIEHIAIOT-
¢S H BO3HHKaeT . JoKaabHAS TEOPHS HOJIS (Cynepepasuma-
41" W CYHEPCHMMETPHYHASA SHI-MHILICOBCKAsA TEOPHS C HKCH-
POBAHHBIMH NAPAMCTPAMH H COCTABOM 4YacTHL). I1pu 3ToM
HabJoIacMBIe YACTHUBI (KBAPKH, JICHTOHBI, KaTHOpOBOYHbIE
BEKTOPHEIE GO30HBI M T. A ) JOJDKHBI ObITh CpeH 6e3MACCOBBIX
Bo3Gy)acHHi (m < 1017 I'3B).

Pa3zsuvator cnen. Teopun C.

Tun 1, X k-pOMY OTHOCSTCH Pa3OMKHYTHIE HCODHEHTHPOBAH-
Hble cTpyHbl ¢ N = | cynepcuMMcTpHel. [1ps MaTeM. ONHEaHHH
€ KOHUAMH CTPYHBI ACCOLMHPYIOTCS MAaTPHIIL hyHAaM. Tpel-
CTABJICHHA KaNHOPOBOYHOH IPYNMbI, TIPHYEM COTJIACOBAHHAs
KBAHTOBAash TEOPHS HEOPHEHTHPOBAHHBIX CTPYH JOMYCKAcT
TOJIbKO KJiaccHd. TpyHHE SO (n) u Sp(n). Kak okasbiBaercs,
TpeboBaHHe COKDAIICHUS dWOMaAuil H PAaeXOAMMOCTCH ocTa-
BJIsieT Tonbko rpymny SO (32). B3auMOAeHCTBYS, OTKPHITHIC
€TpyHbl 00pa3yIoT 3aMKHYTBIC KOH(HIYPalHH — CHHIJIETEL Ka-
nubposouHoll rpynmbl. B npenene manbix sneprait C. THna
1 npuBoast k (D=10) cynepcHmMMeTpHUHON TeOPHH SHra —
Munnica H N=1 CyHEprpapHTalHH.

Tan 1L, K XK-poMy OTHOCATCS 3aMKHYThIE OPHEHTHDOBAHHBIC
CTpyHbl ¢ N=2 CynepcuMMCTpHei. 3Iech HET IPYNNbL grym-
pennux cummempuil. B TpeneTe HUIKHMX 3HEPIHH nojyudercs
{D=10) N=2 TCOPHS CYHCPTDABHTALHH.

IeTepo3ucHas (FeTCPOTHYECKAs) CTpyHa (OHOJI. TEPMHH «re-
TCpOSHC)) 03HAYaE€T ABJICHHE YCHJICHHS HOOXHUT. CBOWCTB rub-
PHAA HO CPABHEHHIO ¢ HCXOAHBIMH 00pa3laMH)— 3dMKHYTas
OPHEHTHpOBAHHas CTPYHA, K-pas ABJIAETCH THOPUIOM 26-Mep-
Ho#t Go30HHOM CTpYHEl B 10-MepHoH (CPMHOHHOH CTPYHbI
Tuna II. 3To cBA3AHO C TEM, YTO B.3aMKHYTOH E€TPYHE JICBhIE
H TpaBbic MOAbI CYIIECTBYIOT He3aBHeMMO. B rereposncoi
CTpYHE OHHM BXOJST HECHMMETDHYHBIM O0pa3oM: HPABbIC MO-
JAbl COOTBETCTBYIOT 10-MEPHOW (epMHOHHOH CTpYHE, a Jje-
Bhle — 26-MepHOW GO30HHOI CTpyHe, MpHYEM JHLIHKE 16 H3-
MEpeHHH KOMHAKTHOHUMPOBaHbI Ha |6-mepubii TOp. Ilpn
3TOM BO3HHKAeT KAaTHODOBOYHAA IPYNNa, PEIIETKa KOPHCH
K-DOH MACHTHOHUHPYETCA C PelUETKOH MUCKPETHBIX HMITYJIb-
COB, CONPSDKEHHBIX € BHYTP. W3MepeHHAMH. BoamMkaromas
TPynIa HMEET PaHr 16 1 pazmepHocTb 496. TakuMH IpyHNaMH

CYNEPCTPYHbI
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apasoTes rpynma SO(32) u Egx Eg [I. Tpocc (D. Gross)

u ap., 1985].

CyIECTRYIOT TAKKE BEPCHY TETEPOIUCHON CTPYHbI, T/1e KOM-
TAKTHOUKALIMSA ITPOHCXOUT HEMOCPEACTRCHAO H3 26 B 4 M3-
MEpENHS 115 eBbix Mo ¥ W3 10 p 4 gnis mpaseix {K. Hapaiin
(K. Narain), 1986]. KanubpoBouras rpynina npu 3TOM HMeeT
paHt 22, JIpyrHX OTpaHH4CHHM Hd KaJMOPOBOMHYIO TIDYNHY
B 3TOM Cfly4ae He BO3HHKaeT. TToITOMY TAKHX TEOPHIH eyIuecT-
BYET OTPOMHOE MHOXeECTRO. ITosTHOM MX KNacCHOHKAUMH He
CYILECTBYeET.

B3auMoJeHCTBUE CTPYH HOCUT NOKATbLHBIR Xxapaktep, HC-
CMOTPS HA TO, 4TO CAMH OHH SABJISIOTCH HPOTHXEHHLIMH
obbekTaMH. B nepBHYHO-KBANTOBAHHOK (POPMYTHPOBKE TEO-
PHH B3aHMOEHCTBHE CTPYH ONHCHIBAETCH KBAHTOBBIMH (IIyK-
TY4UHAMH MHPORO#H HOBEPXHOCTH CTDYHbI, NPHYEM CBOGO/IHASN
CTPYHa COOTBETCTBYET NMOBEPXHOCTH O€3 OCODEHHOCTEH, a Bia-
HMOJCHCTBYHOLA s — TOHOMOTHYECKH ~ HETPUBHANIBHBIM  TO-
BEPXHOCTAM, COACPXaIUMM «Ibipk» (A, M. ITonskos, 1981}
[eM. puc. 1, 2]. Bo BTOPHYHO-KBANTOBAHHOM (HOPMANHIME

¢

S

6

Puc. 1, a—CxeMarHyeckoe H3o0paxeHne cBOGOIHOR OTKPBHITOH ETPY-
Mbl; 6~ P3HMO,ICHCTBHE OTKPRITLIX CTPYH ¢ 06Pa30BAHHEM 1AMKHYTOR
e1pyHbl. OTKpHITHIE €IPYHBI & H b, €OCNMHASCH CBOHMH KOHLAMH.

00pasyloT OjiHy OTKPBITYIO CTPYHy, KOTODAS MOPOXIACT 3aMKHYTYIO
CIPYHY € H OTKPRITHIE C1pyHbl d M ¢

Puc. 2. a— CxeMaTHueckoe H306DaxeHHe cROBOIHOMN 3AMKHYTOMH CTDY-
HBl; §— BIaUMOIefieT BHE 3MKHYTBIX eTpyn € 06Pa3oBaHHEM «IRIPKHY.

78 OTMCAHHS CTPYH HCTIONB3YIOTCH (DYHKIMOHASTH HA MHPO-
BOH NMoBepXHOCTH. TIPH 3TOM MarpaHXHaH CROGOJIHON CTPYHBI
KBa/IPATHYEH HO 7THM beHKLl}lOHa.TIaM, 4 BIAUMOACHCTBHA
CTPYH ONHCBIBAKOTCH JIOKAJIbHBIMH Kyﬁu‘ICCKHMH no rpymcuuo-
HataM MJCHAMH. ﬂﬂﬂ OTKPBITBIX €TPYH RBO3MOXHbI TaKXC
BEPLIHHBIL ‘leTBépTOl‘O nops/aka. BepU.lHHbl BBICLIIHX TIOPHOKOB
oTcyTCTBYIOT [J. Butten (E. Witten) u ap., 1986].

B3auMONeHCTRY S, CTPYHBI MOUYT DACCEHBATHLES, POXAATH
HOBBIE CTPYHBI, @ TaKXe HCMyekaTh TOYEUHbIE YACTHIBI. B a-
d)eKTHBHOﬁ JIOKATEHOH TCOPHH 3TOMY COOTBETCTBYIOT RCEBO3-
MOXHEIE B3AHMOIEHCTBHS JIOKATIbHBIX NOJIEH.

Teopus C. choGoaHa OT KBaHTORBIX KaJHOPOBOYHBIX H Ipa-
BHTAILL. AHOMAJIHH M KOHEYHa B OAHONETIICBOM ﬂp"ﬁﬂH)I(CHHH.
3r0 Tpebopanue B cﬂy‘lae C. thaa | seugensger kanuGpoBoH-
Hyto Tpynny SO(32), a Takxke yIOBJIETBOPHETCS H B TEOPHH
TeTEPO3UCHON cTpyubl ANA Tpyan SO(32) u Egx E5. T. o,
B 3TOM NOAX0AC KanubpoBoUnas rpynna GpuKCHpyeTcs yernoBu-
€M €aMOCOTIACOBAHNOCTH KBaHTOBOH Teopul (Ipur u llsapu.
1984),

Iepexon k HabmonaemMoR pa3MepHOCTH HPOCTPAHCTBA-BPC-
menu (D=4) B Teopun C. qocTHractcs NyTéM KOMMaKTHHHUKA-
UHH «JIMINHHX» TTPOCTPAHCTBEHHBIX HSMSPCHHﬁ Ha PacCTOAHHAX
TIOPS/IKA HIIATIKOBCKOH /UTHHBI, YCT4HOBIIEHO, UTO ek THRHA S
JIOKAILHAS TEOPHS COACPMHT JIOTIOJIHMTEIBHBIE, T. H. WXK3Tb-
caiMonoBckre 'nenbl (LI Yxonus (S. Chern), [x. Cadimonc
(). Simons)], k-pble COBMECTHO C BBICIIMMH HPOW3BOJHBIMH
B YP-HHSIX ABMXXCHHS HPHBOIAT K CIOHTAHHONH KOMNakTudH-
KalHH JIONOJTHHT. HaMepenuit. [Tpu 3ToM HPOMCXO/IHT CyXEHHC
KanHOpoBOYHOM Ipynnbl 10 TPYMILI CHMMCTPHM HH3KO3IHED-
retud. Teopun. (DeHOMeHOnOTHH. ciencTsus TeopuH C. Bo
MHOTOM 34BHCAT OT MEXdHH3MA KOM“HKTH(bHKaUHH.

Pa3BUTHC CYTIEPCTPYHHOI KAPTHHKE N10KA34710, 9TO 7Ta Teo-
PHS SBIAETCA HIOAOTBOPHBIM 0GOBILEHHEM JIOKANBHBIX TEO-
puii noiin. Ha TakoM DyTH, DO3MOXKHO, YI4CTCH NOCTPOHTL
CaMOCOTJIACOBAHAYIO KRAHTOBYIO TCOPHio BeeXx QyHIaM. Bia-
umoeiicTBrit. Onnako Teopus C. paneka oT asepitienua. Tak.
HAHD., OTKPBITHE ARMCHHA AYATLHOCTH Mexay Teopusmu C.
NPHBESO K HOHMMAHMIO TOrO, MTO MEPEYHCIEHHBIE THITBI TEO-
puit (. gBJISIOTCH PA3TL. NPEACAbHBIMH DOPMYTHPORKAMH 01
HOi TEopHH.

Jum.: bap6awos b. M., Hecrepeuxo B. B.. Cyneperpynsl
HOBBIH UOIXOM K €;(MHO| renpm{ d,)ynu‘mundnbﬂux BIanMOneACTRRE,
«Y®H», 1986, T. 150, B 4, ; Kasaxos [. U., Cyuepcrpynisl,
HIH 32 npefenaMH ¢ HJ.ldp'lHLlX UPENCTABIEUNH, TAM XK€, C. 561;
I'pru M., Teopun cylepeTPYH B pealbHOM MHpe, TaM xe, C. 577¢
Duronn C., Cyuepeipynbt! seeobbeMtoILAs TCOPHA?, TaM Xe, €. 579:
[puu M., Weaps [Ix., Burrcu D, TeopHs cyNEepcTpyH, nep.
caurm, T. 1—2, M, 1990, O. H. Kasaros.
CYPbMA (Slibium), Sb,—xuM. 2ieMeHT V I'PYNNB nepxo-
JWMY. CHCTEMbI WICMEHTOB. 4T. HoMcp 51, ar. Macca 121,75
Tipupojwmas C.—cemecn 21 8b (57,3%) u *2°Sb (42,7%). Hs-
BCCTHA ¢ IPSBHOCTH. KOH(HTYPAUHS BHEH!. 31I€KTPOHHBIX 060-
A0ueK 55%p”. DNCPrUK N0OCIIE10BATCIBHON HOHHIALMH DABHBI

, 16,3, 25,3, 44,1 n 60 5B cootBercrBenHo. Paguyc atoma
C. 0,161 #Mm, HOHa Sh? 0,208 uMm, uona Sh>* 0,090 aM, Hona
Sb** 0,062 HM. 3HAUCHHE NEKTPOOTPULATENBHOCTH |.82. Pa-
6oTa BbIxO,4 :1eKTpoHOB 4,08 9B,

CyluecTBYET HCCK. KPHCTAIMY. M aMOPGHBIX MOAMDHKALHIT
C. B oBb1uHBIX YCNOBUAX YCTORHBA MOAHDHKALNS, 0DNanat0-
inas poMOo3Apue. peul€TKoH ¢ mapamerpamu a=0,45064 uM
H yrnom &=357,1". IIpH BhICOKOM A4BJIEHHH OOHAPYKEHH
KyOHuecK4sl M rekcaroHanbhad Momudurauuy C. H3Bectrsl
3 amophHble MOAHGHKALMH: KE)Tas, 4€pHas H B3peiBUaTas C.
YeTOMUHBAS HPH OOBIMHBIX YCHOBUAX KPUCTAILTHY. MOTHPHK
LM — CepeOPHCTO-Geble ¢ CHHERATHLIM OTTEHKOM 3BeE3A4ATO-

o6pasubic KPHCTAILIB, ¢€ IUIOTHOCTS 6,690 kr/aM>  (Hpu
20 C), 1,,=630,5 “C (npw nsuaniennn waoTHoCTh C. yMeRb-
maetcs JHOb na 1.4% — ao 0 kr/oM ), = 1634 "°C.

Temn-pa JeGas 204 K. Tennoémkoets p 2 Jlx/(moas - K),
TeHJIOTa HIassieHns 20 x[X/mMONb, TeHnoTa HCNapeHus
124 xdx/Monb. TeMn-pa nepexoia B CBEPXIPOBOJALUIEE CO-
crosude 2,6—2,7 K. C.— jIMUMATHETHK, MAlH. BOCHDHHM-
uupocts —0,81-107" (mpu 20 “C). Yu. amekTpHu. conpo-
THRAcHHe 0,39 MKkOM - M {upu 0 C), Tepmud. kood. nex-
TpHY. comlpotuenedns 5.1-10 3 TENJIONPOBOAHOCT
18,84 Br/(M - K). TepMuq xood. JMHelHOrO | paciumpenus
kpuctamd.  Mogadukampn C. 9.2-107°K ™' mpu 0 "C,
10,3-10 7°K ! iput 600 “C. Ts. no Bpunesmo Texn. C. 320—
580 MITa. Moityne capura 20 I'Tla, Moayne HOPManbHOR
ynpyrocty 56 I'lla (20 C).

B xum. coeannennsnx C. NpoABISET CTENEHH OKHCAEHUS + 3,
+35 u —3, obagaeT Kak MCTUIHY., T4K H HCMETaIud.
cBOHCTBaMH. Ha BO3ayxc NpH OGBIMHBIX TCMII-PAX KPHCTATN-
gua. C. He okHelsercs. [IpH MATpeBAHHM pEATHDYET CO MH.
BCILCCTHAMM.

C. NPHMCHACTCA KAK KOMHOHEHT pasfl. CriaBoB (rapT, 6ab-
6uThI, T. H. TBEPABIH CBHHEN [UIA AKKYMYNATOPHBIX HIACTHH
H T. 1), CnnaBbl ¢ Hek-peiMH McTaymamu (In, Ga, Al, Cd
H Jp.) SRISIOTCH NOJYHPOROXHHKAMH. AHTHMOHHI HMHIHS
InSb xapakTepHayercs 11auBbICIIeH Cpe/M BCeX H3IBECTIBIX NO-
JIYAPOBOMIMKOBBIX MaTepUANOB MOIBHXHOCTHIO HOCHTeNICH
sapaga. MekyceTs. pamonyksun '2*Sb (T, =60,20 cyT, § -
pacnail COHPOBOXAAETCS MCIYCKAHHCM BbICOKODHEPTETHY. Y-
KBAMTOB) HCHO/b3YI0OT KAK HCTOUHHMK Y-M3NIYCHHS B JC(eKTO-
CKOTIHH H B HEHTPOHHBIX HCTOMHHKAX. C. C. Bepdonocos,

CYTKH — BHCCHCTEMDAs €. BPEMEHU, COOTRETCTBYIOMNIAS Iie-
pHody ofpaiuenns 3eMinM ROKPYr CBOEH OCH OTHOCHTENBHO
BLIOPAHHOH TOWKM Ha nebe. Pasziuvaror: 3€3ansie C—
HPOMEXYTOK BPEMENU MEX/Y /IRYMSA HOCNEAOBAT. BEPX. KYlib-
MHHAlIMAMH TOYKH BECEHHEero pPaBHONECHCTBHA (234 56 m
4,09053 ¢); MCcTHHHBIC conHeYHbie (.—TPOMEXYTOK
BPCMEHH MCX/ly JBYMS [OCME/I0RAT. HHX. KYJIbMHHAUHAMH
ueHTpa COJIHIA, LPOJIOIKATENLHOCTh MCHSAETCH B TEHEHMS
rofa —3HMOH OHM JTMHHCE, YCM JIETOM; CPCAHHE COJI-
Heunble C., paBHBIC Cp. NPOAOIKHTCIBHOCTH HCTHHHBIX COJT-
neunsix C. 3a roj (24 41).



COEPAYECKAS ABEPPALIMS — o1 3 reom. aBeppatmit
OHTHUYCCKHX CHCTEM, 3aBHCAILNAS OT HOJMOXEHHS TOUKH niepece-
YCHHA JIy4a ¢ HIIOCKOCThIO BXOAHOrO 3padka. C. a. HBGJ'IIO}'I“‘I-
CTCA JlaXe and TU‘lKH-OﬁLCKT‘d, HAXOAMAILEHCS HA TJ. ONTHY.
ocu cHcTeMbl. C. 2. 0COBCHHO BEJIMKH B CBETOCHIIBHBIX CHC-
TeMax (¢ HOJILIRMM OTIOCHTENBHLM OTBEPCTHEM), T/le IPHXO-
JAHTCH YYATHIBATE H aGeppauHH Beicinx nopsakos. Tloapo6-
Hee CM. Adeppaniit ONMUNECKUX CUCMeM.

COEPHUECKAS BOJIHA — a05Ha, PaiHANLHO pacxoasiua-
ACS OT HEK-pOH TOYKH (HCTOYHHKA) MJIH CxodLlascs K Hel (k
CTOKY) M HMCIOMLAs ChEepHY. BOJHOBLIC GPOHTEI (LIOBEPXHOCTH
pasHbiX (a3). TIPOCTEANIMM NPUMEPOM SBJISETCH CHEPHUECCKH
CHMMETDHYHAA CKATSpHas BOJIHA BHAA

u:f(r?rt)/r, ()

PACKOAAMIASCA OT UERTP. TOUKH r=0 (3HaK «—») HIH CXOAA-
mascs X Heil (3HaK «+») co ckopocThko e. Taxas sosHa
YAOBJICTBOPSACT 601HOGOMY YPUGHCHUIO W ONHCBIBAET MHOTHE
3, mpouecchl B IMHEHHBIX cpeaax 6c3 gucrnepcHd M Ge3
HOTephb. CyNCpno3HIMs CXOAAIEHCH H PACXOAALIEHCH BOJH (B
YaCTHOCTH, cTos4as C. B.) TAKKe ABJIACTCH PEIICHHEM BOJIHO-
BOTO yp-HHA.

$-uusa £ p obilleM cnydae MPOH3BOJBHA; BAXHBIA YacTHLHA
cny4ad —rapmonnicckas C. B f=Aexpi(wtTkr); B Takoi
BOJIHE A /r —aMInHTyaa, a o! T kr=®—daza (w—xpyrosas
yactoTa, k — BOJIHOBOE YHCNO).

Ecnu BenwduHa u(r, t) ONHChBaeT QH3. nosie (Hamp., BO3-
MYIICHHE TaBIICHHA B ]ByKBBOﬁ BoOJIne, CKaJ'I)IpHLlii NOTeHUHaN
B 3J1.-MarK. BOJIHE H AP.), TO IVIOTHOCTh IIOTOKA HEPTHH NOJIA,
yHOCMMDH OT MCTOYHHKA HJIH anHOC"M()H K HEMY, nponopu.
{u(r, 1)|%, u, cnenosaTenbHO, OBIIMH MOTOK JHEPTMH uepes
obepy moBoro pannyca r, nponopu. 4nr?|u|?, coxpausercs
HEM3MEHHBIM. JTO ABIAETCA CNEACTBHEM 3aKOHA COXpaHeHHs
IHCPIrHH.

Npu sannesy NornomeHHs B cpene dHeprus C. B, yOeiBaeT
B HaHpaBjeHHHW e€ pacrnipocTpaHenus. /s rapmonmu. C. B.
HOTJIOWIETIHE MOXET ObITh YYTeHO 3aMeHOH k ma k' T k", rne
k"—MHHMafi 4acTb BONTHOBOTO YHCJIA. JTO O3HAYaeT, 4TO
AMH/IMTYAd BOJIHBI 3aTYXacT MO 3KCIIOHEHTE:

AT
==

pilorek’r), @

CyuiecTBytOT H HCCHMMeTpHYHBIE C. B., aMIUTHTY/(bI K-PBIX
3ABHCAT OT HONSAPHOM € M a3HMYyTaNBLHOR ¢ YIJI. KOOPAMHAT,
HO (a30Bbic HPOHTHI O-NIPeKHEMY OCTAOTCH CHEPHYECKHMH!

u(r, 0, @, 1)=U(r, 1) D(O. @), 1)

rae U(r, t) oTecuaeT cummerphyoit C. B., Hanp. B dopme (1)
Hm (2), a D(B, @) onuckipaeT yri. 3aBHCHMOCTb Tons (OTy
$-10I0 MOXHO TIPCACTABHMTL B BHAE CYNEPNO3HUMH T. H. Cte-
PHY. TAPMOHHK). B 0/IHOPOJHEIX H3OTPOMHEIX CpeAax BOJHO-
BOC TMOJE Ha GOJIbIIMX PACCTOSHMAX OT NEHTPA NOYTH BCEria
nmeeT Bua (3). TlonGopoM D MOXHO KOHUEHTPHPOBAThL TOJIE
OKOJIO 3aAAHHBIX HanpasieHud, nosromy ¢-uHa D (0, ¢) Has.
JAHArpamMMON HAMPaBICHHOCTH H3YYCHHS HCTOMHMKA (CM. AN-
menna).

Jum. oM. upu cT. Boanst. M. A. Muaaep, JI. A. Ocmposckuit.
COEPHYECKHUE OYHKIHH (chepuieckne rapMOHHKH) —
criell, GYHEUMH, BOBHHKAIOWLNAE, HAND., IDH OTHICKAHHH OTpa-
HHYEHHBIX pewieHHH yp-uua Jlannaca Au=0 B cdepuy. Koop-
IOHHATaxX (r, §, ©) METOAOM Pa3lieNieHHs NTEPEMCHHEIX. BBeIeHEI
BXoH. I8 B, A. Jlexarnapom u I1. Jlanacom. Monaras u=u(r,
0, @)=R(r)Y (6, @), HOCTe pa3NeNeHHN IEPEMEHHKIX A
Y (6, ) nonywaem yp-Hue

12 sin O !
Pt ae *ne Bq;
A=/({+1),1=0,1,

YaCTHRIE perueHHs K~poro — C. ¢.—HMEIOT BHA

Yin(0, ¢)=%

Zr ay=o, (%)

¢'"®@,,(cos0), —I<m<l, m=0, £+1, ...,

O - m(X)=(—1)" O (x), Yin (0, 0)=(—1)" ¥, _.(0, 9).

3BE3A0UKA OIHAYACT KOMILIEKCHOE conpsaxcHue. D-1tus Gy, (v)
{x=co0s0) MOXeT OLITb BLIpAXeHa YCPC3 NOAHHOMEL SHKOBM
PP (x), npucocunénnbe ¢-uun Jlexadnpa P} (x) u nom-
HOMBbI Jlexanapa P, (x) (cM. Opmozonasnste noaunoasr):

010 ()= Cin (1= )PP (). Cip=

v pom ()2 20 A
< i m), PR ) = g T

Pri)=(1-22 1y (x)

{B Hex-pbix pabotax no KBaHTOBOH MCXAHHKC 8 KO .
C},, BBOST JOMOJHHT. MHOXHTCIB (— [)™i'].
Obwmi pun pemieHus yp-nas (*)

V(0. 0)= 7,0, 0)= T Ca¥ir(0.0)

m= -1
{C\,— HOCTOSNHBIE).
C. d. o6pasyoT LoaHy0

$ ¥ e

©) Y. (8, 9)=5{¢—0'}5(cosO—cos ).

1=0 m=—1t
OPTOHOPMHPOBAHHYIO
[ Yim(8, 0) Y1, (6, 0)dQ=8.8,, dQ=sin0d0d o,

CHCTeMY Ha cepe ERHHHYHOTO paaHyca (8 — deavma-@yrmyus,
8, — Kponexepa cumgon). DTa cHcTeMa Mrpaer Ty e ok
B padnoxeHud §-1uMii Ha chepc, YTO H TPHrOHOMETPHY. (b-LIHH
Ha OKpYXHoCTH. [na ¢-unit Y, (0, ©) 1NoCTpOeHB! KoHedHO-
PAa3HOCTHBIC OPTOrOHANBLHEIC AHAJIOTH Ha JJHCKPETHOM MHOXE-
cTBE To4ek ciepsl.

PexyppenTHoe cooTHOMERHC H ¢-Tbl AudepeHpoBaHus
s C. d. umeroT BT

s
cos 6 ¥ i (6, (p)=\/(:rl)—ml

41+ 1)?

Yiernl® @)+

Y- l‘m(es ‘P).
5g Ym0 @) =im ¥in(0, 0).

e? <+LY"+mclg9)1m>=\/I(H»I)‘m(mil))',‘,u‘

[npu m=+(/+ 1) cneayer Honarats Y (6, )=0].

Teopema cnoxenna ans C.d. BuipaxkacT nosHuoM Jickaua-
pa P{cosm) [m—yron MEX/Y BEKTODAMM r; M Fz, HANIPARJIC-
HHS K-PhIX XapakTepusyrotcs yriaamu 0., ¢, u 0, ¢

cosw=cos 0 cosB;+sin @, sinB,cos (¢, —¢2)]

yepes Hpouspenenus C. ¢.:

Pifcosw)= zm Z Y,m (81, ©1) Yin(02, ¢2).

C noMombo 3TOH TeOpeMBI MOXHO 34IMCATH PA3JIOXKEHHE
NOTEHUHAMA (B TOYKE r;) €AMHHYHOrO 34pAfa {pPacHOJIOKCH-
HOTO B TOHKE 7;) B BHIE

@ Lol .
=4n ‘E) [fm r’Li” Z YIM(OI) ©1) Yin (02, (Pz):|~

re=min(ry, rz), 7> =max{ry, r,).

CHOEPUYECKHUE
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[TpH BPAILEHHH CHCTEMBI KOOD/IMHAT, OHPE/C/SCMOM YT~
namu Ditnepa «, B, v, C.b. Hpeobpasyrores cien. 0bpazom:
t
Yin(0, 9)= 3 Dopw(et. B 7) Y0 (00 @)
i

(0} ¢ —yrabl 0, ¢ B HOBOH cucreMc koopswmHaT), Koad.
Do (3, B, v) Ha3. 06o6uwEnHEIMH C. &., Hnu Bucnepa gyuxyu-
Asmu. Onn cs3aner co C. ¢. COOTHOUICHUsMH

ol B )= [ FinB. 3
Dbala B 1) =(=1)7 {375 YunlB. 11
Dhola, B. v)="P;(cos B).

Jum.: To6con E. B, Teopnx CePHYECKAX M IUTHICOMATTLHBIX
dyuxuni, nep. ¢ anra., M., 2: Beirmen I, Dprcin A, Bucime
TPUHCLCTLACKTHBIC rbyuxuml. m,p canr, 2usa, 1.2, M, 1974 Hn-
xkHdopos A, @, Yeapos B. b., CricuHanhiikie rpynkuuu MATCMATH-
HCCKOR M3UKH, 2 H3u., M., 1984; ClldeO‘lHHK o LﬂLquﬂbelM dyHK-
wanM, nep, ¢ ancir., M., 1979, &, Hukupapos.
CLIWJIAPIA —YAJIMEPCA 3®®EKF7MMeHeHm XHM.
€OCTONTIMA ATOMOB B PE3yJIbTaT¢ TPEANICCTBYIOIUHX SACPHBIX
peakuui (6e3 HIMEHEHHA AT. HOMepa Z ) —IJ1. o0p. puduayuon-
H020 3axeuma HEATPOHOB (I, ), @ TAKKC DPCakuM# (n, 2n).
{m, m), (7. n). OBGBIMHO IHEPIHs OTAAUM HIPA B TAKAX PCAKLMAAX
BIIOJIHE TOCTATOYHA [.18 Pa3pPbiBd XHM. CBS3M aTOMOB B MOJIC-
xyne (~3 3B). OcBoGoauBIHECH ATOMBI OCTAOTCA cBOGON-
WBIMH 1400 BCTYNAiOT B XHM. COCIMHCHHA ap. THma. Ecim
B HIEPHBIX PEAKLHAX oOPA3YIOTCS PAAHOAKT. SApa (auie Bee-
ro $-aKkTHBHBIE), TO, HCIIONbL3YA C.— Y. 3., MOXHO XMMHYECKH
OTHCNHTHL 5TH DAJHOAKT. AAPY OT OCTAIBHOW MaCCHl ofyuad-
EMOTO BCUIECTBA M CKOHIUCHTPHPOBATL HABCAEHHYIO AKTHB-
HOCTb B MaJioM oOnéMe (10 10° pa3). C.—UY.». nossoaser
HIMEPHTh CNabble MOTOKH HEHIPOHOB B BOHOH cpeic (ompe-
JENIEHHC aBC. AKTHBHOCTH HEMMPOHHBLX HCIHOURUKOS ).

C.—4.5. obuapyxen JI. Cumnapagom  (JI. Cunapa,
L. Szilard) u T. A. Uanmepcom (T. A. Chaliners) B 1934 npsu
O6/Ty4EHHH MEJUIEHTILIMK HCHTPOHAMM HOQHCTOIO ITHIIA,

Mox C.— 4.5, HHOrad MOHHMAIOT H3MCHCHHE XHM. COCTOSA-
HHS 4TOMa, BhI3bIBAEMOE PAAMOAKT. O1/lauel B :1oGoM sAaep-
TIOM NPOIICCCE M AAaXC TOTA4, KOTA4 JHMEprsl OTdaum Apa
HEJIOCTATOMNA Als pPa3pbiBa XHM. €BA3M. B Takux ciyvasx
[B-pacnan, w3oMcpHbie repexoabl (cM. Mzoamepus Adephar),
Kougepcus aHympennss y-lnyyeH M Jp.] cBS3b paspeiBaeTCs
B PEIYJILTATE «BCTPACKH» HICKTPOIINIOH O00AOUKH ATOMA H3-3d
BHEIANHOTO HIMENCHHUA 3apsiia AP,

Jum.: Bpoaa D., COBPCMENNOE COCTOAHHC PAaAHOXHMHH, ICp.
canrn, M., 1952,¢. 100; Yonnuu I, Puabepr A, Sucpuas xumus.
OCHOBLI TEOPHH W HpHMeneHnd, nep. ¢ an1i, M., 1984; Harboitle G.,
Maddoek A.G., Chemical effects of nuciear transformations in
inorganic systems, Amst.—N. Y.—Oxf., 1979, p. |

A. B. Cmpeaxos.
CUHHHTHIJIATOPBI — moMuboGOpbl, B K-phIX TIof Aeii-
CTBHEM HOHH3HDYIOIMX H3yvyeHHH BO3HHUKAIOT CBETOBbIE
BOTBILIKH — Cyuiintudinyuy. C. MOTYT CAYXHTb MH. Kpucmai-
aogocgoper (wanp., ZnS, Nal), oprauud. KpHCTawIBL (anTpa-
HEH, CTHILOEH), pacTBODbI ILTACTMACC, WHEpTHbIE razm. C.
OOBIMHO TMPHMEHSIOT B CYUHMUAAAYUOHHBIX OCMEeKMopax ya-
PK. HaCTHIL,
CHUHHTHAAALHOHHBIH AETEKTOP — demexmop uac-
THII, JEHCTBHE K-pOTO OCMOBAHO HA PETHCTPALHH CBETOBBIX
BCTIbIIIEK B BHAMMOH MM YD-06714CTH, BOIHHKAIOLIHX TIPH
TIPOXOXKICHHH 3apsK. YACTHU 4epe3 CUMHTHANATOp. [ons
JHEPTHH, KOHBEPTHPOBAHHAS B CBCTOBYIO BCHBILKY &g OT
TIOJIHOH FHEPTHH (£,), NOTEPAUHON YACTHMUEH B CUMHTHIISTO-
pe, Ha3. KOHBEPCHOHHOR DpdekTHBHOCThIO. OHa 8B~
nsietcst ocH. mapamerpom C.a. MHOraa BMecro KOHBEpCHOH-
HOM 3hPEXTHBHOCTH HCIIONBIYIOT YiI. CBETOBOMH BBIXOJ (CBETO-
BBIXOJ)—4YHCHO 0OpajoBAHHBIX YacTHuek ¢oToHoB Ha
€IHHHLY NOTEPAHKOI Jnepruu C,/ho, KM Cp. THEPTHIO, pac-
XONYeMyio Ha OBpa30BAHHC OAHOrO QOTOHA, Wy=ha)/

3aech hw—cp. IHEPrHR GOTOHOB CBETOBOH BCUbNIKH (hw
23 3B).

Jos vau®. ohd. CUMHTHANATOPOB 3HaueHHe (', JOCTHraeT
0,1—0,3. KonBepcuonHas upekTHBHOCTb 34BHCHT OT THIa
PCTHCTPHPYEMOH HACTHIM H OT €€ ya. noTeph 2HeprHH. [lns
J2HHOTO CUHHTHMINATOPa €, MOXKET 3aBHCETh OT TeMO-pbl T,
nanuYus IPHMeceii H COOTHOIECHHN PadJl. KOMIIOHEHT B CIIHH-
THJLASTOPE.

C.}JA DGJ’IH[‘I&CT CIEKTPOCKONHY. CBOﬁCTB'dM", T. €. HOTCH-
CHBHOCTb CBCTOBOﬁ BCTILITNKH ﬂpOﬂOpll"O"ﬂﬂhHa OHCPrHH, No-
TCpAHHOH YacTHUEH B WHPOKOH obnactu SHeprud. Todabko
B 001aCTH MasIbIX SHEPT Ui, IJe PE3KO BOIPACTAET YII. TIOTEPs
JHCPIrHH, CBETOBLIXOJ NAa/acT H NPONOPLHOHAILHOCTE HApY-
macTcs.

MexaHH3Mbl NPeOGPA3OBAHKA JHEPIHH HAETHIIBI B CBETOBYIO
BCMBILIKY Pa3jHYHb MJIA pPa3HbIX CUMHTHINATOPOB. B 6o.ib-
WHHCTBE C1y4aeB OHH MOTYT GBITh CBCACHBI K CITeA. (Ynpoiugii-
HOW) cxeMe: 1) HOHH3ALMA ¥ BO3OYX/ICHHE ATOMOB H MOJICKYJL,
00pa3oBaHHe pallMKANOB; 2) HEPEHOC ?HEPIHH BO3OYXNeHHs
K LEHTPaM CBeveHHs (paHallHOMHbIH, pe3OHAHCHBIN, 2KCHTOH-
HBIH, ICKTPOHHO-ALIPOYKBIN); 3) BO3OYXKICHHE M BHICBEUHBA-
HHE {IEHTPOB CBEYCHHA. HellTpanbHble YacTHUE! perMCTPHDY-
10TCH Garonaps nepeaye SHEPrHH 3aPSKEHHBIM: Y-KBAHTbI —
O 2JIEKTPOMAM H TOIHTPOHAM (CM. JAmma-usayuenue), HEi-
TPOHBLI— O MPOTOHAM OT]Aa4H (IIPH YNPYTOM PacCCSHHH) HITH
Mo 3apsX. YacTHUAM, BO3HHKAKOLUIHM B m)epumx Peaxyugx
NEATPOHOB C BELIECTBOM CLHHTHIUINTOPA.

il

Prc. 1. CxeMa CLUMHTHANSUMOHHOTO AeTekropa: CU——CUHHTHAASTOD,
Cs —cperonpopoa, ® —dorokaton, [l — aAMHOAN, A — 4HOIL,

' -

L

-v

OcH. 3nemenThl C. A, (PHC. |)— CUHATHAIATOP W COCAMHEN-
HBIH ¢ HHM OHTHHYECKH (GOTOpEerHcrparop, nmpeobpasyroiui
JHEPTHIO CBETOBOH BCTILIILKH 'B MJICKTPHY. HMNYabe. B kaucer-
Be (OTOPErHCTPATOPA OOBIMHO HEHONL3YIOT iomodackmpon-
netiz. ysmrorcumens (PIY). CpeToBbie POTOHBI, MOHALAA HA
doTokaTon DY, BRIGHBAIOT H3 HETO 3NIEKTPOHbI, K-phie Poky-
CHpYIOTCA Ha 1-H JHHOI, pAIMHOKAIOTCS AHHOMHOW CHCTEMOR
B PpE3yJIbTATE NPOLECCA 8/MOPUYHOE IAEKMPONNONL  IMUCCUU
H OKOHYaTenbHO cobupaloTcs Ha anoge OV, coynasas B ero
1IETIH 3JIEKTPHY. HMIIYJIBC,

CHEKTPOMETPHY. H aMIUIMTYAHble XapakTepuctukd C. 1.
OIpe/eSIAIOTES YHCIIOM JIeKTPOHOR, MIOMABINHX Ha |-# auHon
DBV, K-pOe MOXHO PACCHHTATE N0 t-nie Ny =& ,aby/w. 3acch
a—jons GoTOHOB, TIOHAAAOUIMX HAa (OTOKATOA, Y— KBUH-
TOBLIA Bbixoa ¢oTOoKarona (AT NYHIUHX MYJbTHIIENOY-
Hbix kaToa0B y=0,15—0,2}, §x0,5—0,8 — 10519 31cKTPOHOB,
coOpanubIx na |- AuHOA. Makc, aMIUIATyaa HMNYbca
HATIpSXKEHHS HA COHPOTHBJICHHH B aHO/WOH 1emd OIY:
Avaxe =N Me/C, tae M —xood. yeHnenus ®3Y C—EMKOCTh
anoaa; M MOXET JOCTHraTh 3uavenus ~ 105, wro nossonser
PErHCTPHPOBaTE COORITHA, B peaynyTaTte K-pblx Ha |- Jinoa
NPHXOJWT BCEro l']!lekTpOH. “HOI‘}Ja MEXAY CUMHTHJUIATO-
poM #U DY YCTAHABIMBAETCH CBETOBOA (1A YJYHUICHHS
PABHOMEDPHOCTH CBETOBOro copa, seinoca O3V u3 obnacrr
OJ1.-MArH. TIOJS B AP.).

[Tomumo ®BY B kauecTbe POTOPErHCTPATOPA MOTYT HC-
10/Ib30BAThCS BAKYYMHBIH (B HHTErpAJIbHOM peXHME) WIH
{101y IPOBOIHHKOBBIH (fomoa.tesermp. B nepBbix dkemepHMe-
HTaX NPH PErHCTPAIHH -YACTHII ¢ TIOMOIbIO ZnS CBETOBbIE
BCTIBIIIKH PerHCTPHPOBAIHCH HEHOCPEICTBEHHO [JIA30M.

JUnsi ONTHMANIBHOH PETHCTPAIIHH CBETOBOH BCIBLIIKH ¢€
CHEKTP H CHEKTDAJIbHAS YYBCTBHTELHOCTh (POTOKATOAA JOJIK-



Hbl GbITh ONK3KM, & CLHHTUIUIATOD JIOJDKEH ObITh MpO3pateH
AR H3:TyuCHHUA. [1pO3pauHOCTh CLHMHTHINATOPA XAPaKTEpH3y-
€TCA PACCTOAHMEM. Hd K-POM HMHTEHCHBHOCTb CIO CBETOBOIO
HUINYHCHUA YMEHBIHACTCA # Pe3YNbTaTe MOIJIOUICHHS B € Pas.
Jus yBeamueHns «Mcita pOTOHOB, MafaONMX Ha POTOKATOL
OOV, ¥ ynyuiICHHA PABHOMEPHOCTH cBeTocGopa mo o6bémy
CHMHTHILIATOPA 1IOBEPXHOCTh MOCNCAHEIO LOKPhIBAT OTpa-
sareeM (MgO. TiO,, TedioH) MM HCHONB3YHT HOJHOE
BUYTP. OTPAXCHHE OT 11OJIKPOB. TPaHEH KPUCTAJLIA.

HHFCHCHBHOCTE CBETOBOH BCMBIUKH B 39BHCHMOCTH OT Bpe-
MCHU MCHACTCS HO 3aKOHY /=/oexp(—1t/T), rile T—BpeMA, 3a
K-POC MHTEHCHBHOCTh YMEHBILIAETCA B ¢ pas3, HA3BIBAEMOE Bpe-
MEHEM BBICBEUHBAHHMA CLHHTHILAATOPA; T OTIpeaeNseT BPEMEH-
Hele XapaktepucTHki C. 7. Bpemsi BLICBEHHBAHUA ONpe/CTIseT-
€5 TIPOIECCAMH MPCOOPA3OBAHHA BHEPTHH YACTHLBL B CBETO-
BYIO BCTIBUIIKY, M HACTO H3-3a HECK. MPOLIECCOB BOIMMKAET HECK.
KOMIIOHEHT ¢ pasit. T. COOTHOIIEHHE HNTEHCHBHOCTER pain.
KOMHOHEHT BbICBEUHBAHHS OTIHYAETCSA A NErKHX (3J1€KTpo-
HOB) M TSXGJIBIX (IPOTOHOB, G-4AETHL M T. J1.) YaCTHL, ocoben-
HO NUIS OPraiHy4. CHMHTHIUIATOPOB (CM. HHXe), YTO TIPHBOXHT
K pa3n. (hopMe HMIyJbca AAA 3THX HacTHU. ITO MO3BOJISET
NpH PErHCTPAlMM N0 OpME HMAYJIbCA PazfeNATh acTHIbI
Da3HOM MPUPO,ILE IPH OAMHAKOBOH AMILTUTYAE HMOYJIbCA.

3aBHCHMOCTb CBETOBRIX0A OT THIA PerHCTPHPYCMBIX Yac-
THIL X4PaKTEPH3YIOT OTHC a/B—oTHC cBETO-
BBIXO/Id %-ACTHLB! M MJIEKTPOHA APH OJHHAKOBBIX JHCPTHSX.
OTHonieHue o/ PA3IHYHO QIS PA3HBIX THIOB CLHHTHIUIATO-
DOB M 3aBHCHT OT YHEPIHH HACTHIL

C. 4. IPUMEHSIOTCH kaK B BHAC CAMOCTOAT. IETCKTOPOB, TaKk
H B KAYECTBE COCTABHBIX KOMIOHEHTOB KOMOURUPOBGHHBLY CUC-
mem demeknopos NPH HCCTIEOBAHHM DA, TIPOLIECCOB ¢ JHEp-
THAMH 2 Heck. K3

Heopranuueckne CLURHTHLISITOPS — MOHOKPHCTAUTBI € JI0-
GaBkoi axrMBaTOpa. OHH 06NAZAIOT BHLICOKHMH DPEKTHB-
HOCTBEO Z. NAOTHOCTBEO f M JIOCTATOMHO GONbUIONH ATTHTENL-
HOCTBIO BBICBEUMBAHMS T (Tad1. 1)

Tab1. |.— XapaKTepHCTHKA HEOPr AHHYECKHX CUMHTIIINTOPOB
MakcaMym
Kpuerasii p, riem® B CHIEKTPE T, He Cy
SHOMMKEe-
LCHIUHH, HM
Nal (Th 3.67 410 250 0,06
CsI (T1) 451 560 700 0,02
KI (Tl 313 410 1000 0.012
Lil (Eu) 4.06 440 1200 0,04
ak, 3,18 250 200 0.009
ZnS (Ag) 409 450 10* 0,1—0.2

Han6. cseroBeIxOJOM oONamaroT kpuctamwiel ZnS(Ag), Ho
OHH CYILIECTBYOT TOJIBKO B BHJE MEJIKOKPHCTAIHY. TTOPOLUKA
(KPHCTA/UIBI OOJIBIMHX Pa3MepoB MOMYYHTh He yaaércs), mMpo-
3pAaYHOCTh K-PBIX 18 cobern. H3JIy4CHHS Maja. O}JHMM H3
TYYIIMX HEOPTaHMY. CUHHTHINATOPOB sBasctcs Nal(Tl). Oun
HMeeT HaubOIBLINIE TIocne ZnS (Ag) CBETOBLIXOA U HPO3padeH
ans cobets. HnyueHus. MonokpHcrannpe Nal(T!) moryr
BBITL BBIpAIlEHBl GOABUIHX pa3MepoB (1o 500 MM); UX Hero-
CTATOK — HI POCKOHMHYHOCTD, Tpeﬁymmaﬁ Te¢pPMETHIAUHH.
Cunuransrop Csh(Tl) umMect cPETOBBIXOA HHXE, HO HE IH-
rpockonuueH. [TOMHMO 3THX YHHBEPCANBHO HCIIOMB3YEMbIX
HEOPI'dHHY. CIMHTHILISTOPOB CYIUECTBYET PAJL JIPYT MX, IPHMe-
HEHHC K-PbIX /[IHKTYCTCH YCIIOBHAMH 3KCIIEPHMEHTA — MPHCYT-
CTBHEM OTIPEUEL. 3IEMEHTOB, BOTbIINM HIH, HaOGDpOT, Mma-
CIbIM CCHETTMEM 34XBUTa TEMIOBEIX HEHTPoHOB (eM. Heidmpon-
Hole demexmopsl) W Ap. [1€pCNEKTHBHBL CHHHTHIUTATOPBI 1Ha
ocHoe BaF, u Bi,Ge;O(, (rHrpockonuunsi, MOryT GbiTh
BHIPALUEHBS PA3MEPAMM 10 HECK. JeCATKOB CM), HEAKTHBHPO-
BAHHBIC KPHCTAANbl TAIOHAOB MENOYHBIX META/UIOB HDH
T~—-200" C. Hanp., kxpuctannei Nal MMEiOT TOT %€ CBETOBBI-
xod, uto ¥ Nal(Ti)} npu T=300 K, Ho T Ha mOpAIoK Menblle.

Mex4aHH3M BBICBCUHBAHHS HEOPraHHY. CUHHTHIIJIATOPOB H.T-
JIOETPUPYET 3JOHHAN AMATDAMMA HOHHBIX KPHCTAIIOB (pHC. 2).
BByTpu 3a1peiéHHOR JHEpreTHY. 30HBI (cM. Jonnan meopus)

7 3

% D amucr
RSO K c#onkan soHa
Auckpethbrel

= frpumechse |
}ypuaun !Gg
IKeHTOH

Janpewgnnas
Puc. 2. 30HHaA DHATDAMMA 20Ha

MOHHOTO KDHCTAILIA.

Banenthan
3042

MOTYT OBITh JIMCKPETHBIC YPOBHH JICPrUM HOHOB AKTHBATODA
(Hanp., Tl nas Nal), a Takke apyrnx nensbexnbix npHMeccit
M Ae()CKTOR KPHCTAIUTHY. PeiléTKE. TIpH 1POXOKICHUM 3apaXK.
HACTHILL] BJIEKTPOHBE MOI'YT FOJYUATD JHEPTHIO, IOCTATOUIYHO
JUIS FIEPEXO0/1d M3 BAJICHTHOM 30HK! B YKCHTOHIIYIO 30HY H 30HY
APOBOAMMOCTH. OBpaTHbIE MCPCXO/IBI )ICKTPOHOB B 3011y HA-

JIGHTHOCTH ¢ OPOMCKYTOUHBIM 3AaXBATOM Il JIMCKPETHBIX
C
Pic. 3. 34BUCHMOCTH CBLTO-
BbIXosa C, kpHeTaiLia Nal
o1 KoHHCHT patu TI.
01 2 3 4 581

YPOBHAX 3ANPCUIEHHOR 30HBI MIPHROAAT K HCOYCKQHHIO OTTH.
¢oTonoB. [TockONbKY HX IHEPTHS /1) MCHBILIE IITHDHHBL 3afIpe-
HEHHOH 30HB &,, 4 MJOTHOCTh JMCKPETHBIX YDOBRHEH Malla.
KPHCTALT OKA3BIBACTCS JUTS HUX 1pO3paunbiM. CRETORBIXOM
3UBHCHT OT KOHUCHTPALMH aKTHBaTOpa B (pHc. 3). YMeHbmIe-
HHE CBETOBBIXO 14 APH GoabIINX KOHIEHTPAIHAX CBA3AHO € pO-
CTOM BEPOSTHOCTH HOTIONICHHA dJDTDHU]l ud AKTHBATOPHBIX
ypOBHSX. Bpems BbICBCUMBAHMN T ¢ POCTOM KOHIUECHTDAIMM
axTuBatopa 1o 3-10° 7 ymcnpwaetcs ot 0,35 a0 0.22 mxc.

o150
Puc. 4. CHEXTD MMUYILRCOB OT 2100
Nal(Tl) ana &, =661 K»B. g Ay
S 5
0 05 [

BoJIbLIAS MIOTHOCTD P H BLICOKHH aTOMHBIA Homep Z oByc-
JIOBIIHBAIOT OCH. DpHMcHeHHe C.JI. HA OCHOBE li€OPIAHHY.
CUMHTHIASTOPOB JUIS PCIUCTPAIMH M CIICKTPOMCTDHH Y-H3-
nyueHns (pHc. 4). CueKTp MOHOXPOMA THY. Y-H3.TYHCHHA COCTO-
HT W3 T.T. AHKA MOIAOTO FOCONICHHS (TIOMHOC HOTTIOINICIHE
Y-KBAMT4) H KOMITOHOBCKOTO pacapeieienus (cMm. Koammona
agexnt), COOTHOIIEHHE K-PBIX 3UBHCHT OT PA3MEpA KPHCTASI-
J1a. DHCPreTHd. pa3pellieHHE THMKd MONHOTO NOMJIOLICHHS
A&, 6, cKiaabiBaeTCs H3 DIYKTyalMK YHCIId HIEKTPOHOB, COO-
pauHbix Ha l-if gunoa ®3Y, aucnepcun PIY M 1. 1. coOCTB.
pa3penleHns kpucTamma. [1ochc/iHeC ONpEnenserca NOMHMO
HEPUBHOMEPHOCTH MPOLECCE CBCTOCHODR puyKTYAUHAMH HHC-
14 ¥ JHEPIHH KOMITTOMOBCKHX M 3-3.1€KTPOHOB NpH 0Gpa3oBa-
HHH FIMK4 MOJIHOTO TIOTIOUICHUS, 34BHCHT O pa3Mepa Kpu-
CTANIA H COCTABNAET BEJIHHMHY ~ Heck. Y%. [oinoe pajpelie-
uHe Aé, /&, ans oneprum y-kBauron ot *7Cs (8, =661 KaB)
JNA SIYMIUHX KPHCTAJLTOH NOPAAKa 7%, € W3MCICHHEM DETHCT-
PHPYCMOH DHCPIHH &, pA3PElUCHME MCHSETCA 110 34KOHY
(A&, /&, )’ =g/&, . TIPONOPIHOHATILHOCTh MEK/1y HHTEHCHBHO-
CTbIO CBCTOBOH BCHBIIIKH M STIOTCPSHBOM DHCPIUEH NpH pe-
THCTPAIHM JNEKTPOHOB M y-KBauToB B Nal(Tl) nmeer mceto
npu &, > 100 KoB. [IpH MEHbLUHX JMEPrHAX CBETOBBIXOL CIOXK-
HBIM 00paIOM 3aBMCHT OT YA. NOTEPb YHCPIHH.

Oprauuieckue CUMNTHAANTOPLL. K HUM OTHOCATCS OPraHuv.
KPHCTATbI, KHAKHE H TBEPABIE PACTROPbI CIUHTHINUPYIOWMX

CUVHTUNNALUOHHDLIA
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CUMHTUNNALMOHHbLIN
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BELUECTB B OPT4HHY. PUCTBODHTEIISX M TIOJIMMEDPAX, @ TAKKE
OPraHHY. ra3el (M. Opeanuteckue RPOGOOHUKY).

Ta 6 1. 2.— XapakTepHCTHKS OPI'BHRHCCKHX CIMHTHILTATOPOB

Muakcumym
CHRMTAASIRTOPS P, B COEKTpe T, Cx
rjem?® |onomunce- | He
ey, v

Kpucranianueckne:

Antpanen (C4H ) 1.25 445 30 | 1(4%)

Crunsben (C4H, ;) 116 4i0 6 0,7

Hagramun (CyoHg) L5 345 70 0.2
Hupkne:

Kennon ¢ gobaskoii p-Tepde-

unia (5 rim) n POPOP (0,1 rn) | 0.86 350 2 0.5

Tonyos ¢ gobasxoii p-Tepde-

nuna (4 vin) 1 POPOP (0.1 r/i) | 0,86 430 2.7 0.6

Vaiir-cnuput ¢ nobapkoi PPO

(2 r/u) ¥ POPOP (0.03 1/1)

¢ npoayskoit Al 0.78 425 5 0.6
Munacruueckue:

Noanuctupon ¢ noBaekoii p-1ep-

tennma (0.9%) n a-NPO (0,05%) | 1.06 400 04

Monupunnntonyon c nobaBKOA

p-rephenuna (3,4%) u POPOP

(0.1%) 11 430 3| 05

B Opranud. CLUMHTHIIATOPAX BHICBCHHBAHHC (HOTOHOB CBA-
3aHO € DJICKTPOHHBIMU MEPCXOAAMH BO3OYXACHHBIX MOJIEKYT.
OpraHHy. CUHHTHAISTOPBI Xapak TCPH3YIOTCH MaTol JbdekTH-
BHOCTBbIO Z~6, CPABHHTENBHO HCOONBINOH HIOTHOCTHIO
P H Maoil JUIMTENLHOCTBIO BRICBEYHBAHHA T (Tabn. 2). Ilo-
CTIEMHEC AETdeT WX YAOOHBIMH AN BPEMEHHBIX HIMEPCHHIl.
Hau6. cBeTORBIXOX [OCTHIAETCA HA AHTPALCHE, 3HAYCHHE
K-pOr0 HPH CPABHEHMH C /ID. OPFaHHY. CIHHTHILIATODAMH
YacTo HpMHHMaeTcs 3a L.

Ha ocHOBe MUIacTHY. M XHIKHX CUHHTHILUIHTOPOB COBIULFOTCS
C. 1. BONBHIMX NOBEpXHOCTH H 00BEMa H TpebyemoH GopMal,
Kak npaBusio, OHH COCTOAT H3 2-—3 KOMIIOHEHT: NPO3PAYHOlH
HI4CTMACChl (NOIHCTHPO, MONHBHHHIITONYON, METHIMET4K-
PHIIAT) MM OPranuY. DACTBOPHTCIEH (HAMO. CBETOBBIXOA
y KCHJIONA W TOIYONd) M CHMHTHUTHpYolleH A0GaBkM WM
akTuBaTopa ( p-repdenun, 2,5-AHdeHHIOKca30.1, TeTpadeHn:T-
6yTanHeH, cTHILOCH, HadTaHH, OudeHnt) ¢ KOHLEHTpauuei
1—10 r/n; uHorna AoBaBNAIOT T. H. CMECHTC/b CnekTpa (5-
(eHun-2, okcazonun OeHzon —POPOP) ¢ koHUeHTpaiHe#l
0,01—0,5 r/1 Ans cOTNACOBAHMS CTIEKTPA CBETOBOH HCHIAILKH
€O CTIEKTPAJILHOR 4YBCTBHTENLHOCTLEO POTOKATOMA.

AKTHBATOp M DAacTBOPHTENh TOAOHPAKT Tak, 4TOOEI 1-if
B030YXAEHHBIH YpOBEHb PACTBOPHTENS OBLT Bbitue 1-ro ypos-
HS aKTHBATOpa. 10T/Ia BO3MOXHA NEpeaaia SHCPrHH BO3DYX-
AEHHS OT MOJIEKYJl PACTBOPHTENIS K MOJICKYJIaM aKTHBATODA.
TIpH yBEeNMYCHHH KOHLCHTPALHH AKTHBATODPA CBETOBLIXO/] CHA-
yajia BO3PACTAET, 3aTeM, MPOHAA Uepes MdKCHMYM, HadHHAeT
YMCHBLUATBCS, YTO CBA3AHO C YBCIHYCHHCM BEPOHTHOCTH ca-
MOMOTIOUICHHS €BETA MOJCKYJIAMH 4KTHBATOpa. B xuakue
M IUTAETHY. CUHHTHIUIATOPBI MOXHO no0asnsaTe (Heek. %) Ap.
BCILECTBA, HAHP. MCCJIC/IYEMbIE PA\HOAKT. H3OTONLI WIIH MPH
perucTpanMu Temnoseix Helirporos Li, B, Gd,

CBCTOBLIXO/L OPTaHHY. CHHHTHUISTOPOB PA3IMHCH ANA NEC-
KHX H Txénblx gacTuil npu sueprusx &< 10 MaB, o/Bx0,1.
CUMHTHIUISLIHONHBIA MMIYJIBC B OPIAHHY. CLHITHIIATOPAX
OBBIMIO €0JepXHT 2 KOMHOHCHTBL BhicTpyto (Tt~ 1077 ¢)
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Puc. 5. ®opma nmiysca B op- 10
FAHMYECKHX  CHHITHILINTOPAX
IR 31€KTPOHOB, NPOTOMOB . X
H 2-u4CTHL. 0 P

u Mestennyio (1~ 1077—10 * ¢). OTHOCHT. MHTEHCHBUOCTH
KOMTIOHEHT 3dBHCAT OT HPHPO/Ih! YACTHIL, YTO HPHBOJIHT K pa3-
JTHYHIO B JopMe HMIIVIILCA IS THXETIBIX H JNECKHX 4acTHI
(puc. 5). Ha 7TOM padIM4HH OCHOBAH METOR PErHCTPAUHH
OBICTPEIX HEHTPOHOB HO HIPOTOHAM OTJ44YH Ha (POHE HOTOKA
Y-KBAHTOB.

3aBHCHMOCTB CHETOBBIXO/A OT Y. MOTEPh IMEPIHH OHHCHI-

BaeTcs ¢-oi bupxea:
ds | ds
A4 ;jd(l + BI;)’

rae A 1 B—HOCTORHHbIE.

Kamubposka C.A. Ha OCHOBC OPFaHHY. CUMHTHILIATOPOR
OCYLIECTBIIACTCA B OGIACTH MAJIBIX SMEPIHH ¢ NOMOLIBIO HC-
TOYHHKOB KOHBEPCUOHIBIX DACKMPOIIO8 W Y-HCTOYHHKOB, & B 00-
SACTH BBICOKHX IHEPIHil — ¢ MOMOLIbIO Pa3Jl. HPOLICCCOB, CBS-
34HHBIX € PEJIATHBHCTCKHMH YACTHLAMH (pacnaj OCTAHOBHB-
HIHXCA MIO0HO8, TIPOXOXIECHHC PEJIATHBHCTCKHMM YACTHIAMH
OHpCAET. JTMHCHHOrO PACCTOAHHA H Op.).

Bbicokas Npo3pauHOCTh XHUAKHX CIUHHTH,LIATOPOB HO3BOIS-
CT co3/1aBath Ha ux ocHobe C. 1. ¢ pa3MepaMH B HCCK. MCTPOH
H MJCCOM BILIOTH 1O HECK. COTCH TOHH, HAHP. B OKCNEPHMCHTAX
N0 PETHCTPALHH HeHTPHHO. B 2TOM ciyuae uacTo uenonbayer-
Cfl CUMHTHJUIATOD HA OCHOBE YalT-CNIHPHTA (OYHIIEHHbIR KCPO-
cun). Ero mpospaunocts $=20 M. Ha ocroBc yaHT-criupura
CO3NaHBI KpynHeiume nogsemubic C. 4. ATS KOMIUICKCHOTO
H3YUEHHS KOCMHY. styucH M HeRTPHHHOI acTpOdHIHKH: GakcaH-
CKHI umnTummquHHbm Teaeckon (330 1), 105-TOHHBIN HOA-
semupit C. 1., PAacnloOMCHHEIH B NOJIEMHOM TOMELICHHH
BOM3K 1. APTEMOBCK; POCCHACKO-HTabAHCKHA C. 1. B TyH-
HeJic nojL MonbBnanom {90 ).

Th30BLIe CUMHTRANSTOPRI — HHCPTHBIE [d3bl H HX CMCCH B ra-
3000PA3HOM, KHAKOM H TBEPIOM COCTOSHUAX. LIEHTIPDAMH Che-
“eHUA ABNATCA BO3OYXIEHHbIC MOJIEKYIhl. MHepTHble rask
XddeTCEMJy}OTLﬂ KOPOTKHMH  BPEMEHAMH  BBICBCHH G i +
(t~10 ? ¢) H BLICOKHM CBETOBBIXOJIOM, T4K CBC. i
xon Xc Toro xc Hopsska, uto W y Nal(Tl). Och. aous
H3YYeHHS HHEPTHBIX T430B IEKHT B OONACTH BaKyyMHOI'®
yabTpaguoneta (A~ 200 HM), DOITOMY DEIHCTPAIHA TAKHX
doTonos Tpebyer PV € KBAPICBBIM BXOAILIM OKHOM JHDO
HAHECEHHS HJd BXOMHOE OKHO CMECHTENN CHEKTPa (AHGbCHWI-
cTunbbeH WiH kBaTepheHHa). OCH. NPUMEHNCHHE [a30BbIX
C. 1.— perucTpalMa a-4aCTHIL H OCKOKOB AeseHHA {cM. Jeac-
nue adep).

Jpyrne Tane C. a. CyLIcCTB. BIMAHHE HA CHETOBAIXOJ\ CLIMH-
THILUTATOPA OKA3bIBAET HIEKTPHY. no.c. [1pH NPHIOKEHHH 10-
CTATOYHO CHIILHOTO HOJS BO3HHKAKINHE NPH HPOXOKACHHH
APAK. YACTHLBI IEKTPOHBl MOTYT HPHOOPCTATH JHEPIHiQ,
JIOCTATOMUYIO ATTA BO3OYKNCHHA H MOHH3AlWKH aTOMOB, HTO
B KOHEYHOM MTOre NMPHBEAET K YBENHUYEHHIO MHCTA (OTOHOB
B CBCTOBON BCMbIIIIKE. ITOT NPHHLHH JIEXHT B OCHOBC CIMH-
THIALAOHHOTO NPOTIOPLHOHANIBHOTO cuéruMka. Ero mpeumy-
IICCTBO -— BBICOKOE JHEPreTHY. Pa3pelicHHe B OONACTH MaNbIX
IHEPrHit.

TIpH HCNOABLIOBAHHH DACKMY KOCO Mpeodpaso-
8ameas BOIMOKHO TOsydcHHE (OTOrpadHH TPeKa HACTHIb!
B CLMHTHIISTOPC (THOMHHECNCHTHAas kaMcpa). Pacnpo-
CTpaHeHhl CLUMHTHINAIMOHHBIC KAMEPBI, B K-PbIX B COUCTAHHH
C JNEKTPOHHO-ONTHY. IPCOBPA30BATEAEM HCHONB3YETCH CHC-
TeMd CLUMHTHIUIALUMOHHBIX BOJIOKOH B JRYX B3aHMHO HEpICH-
AMKYJISPHBIX HATIPARICHUAX (CM. Cytnmuiisyuonnots demex-
MOP HA BOAOKHAX).

Jlum.: CUMHTHATSUMONHBIA Me101 B pagnomerpun, M., 1961; A6-
pamon A. U, Kazanckni 10, A, Matyceruu E. C., OecHosnl
IKCHEPHMEHTAILHBIX MCTOUOR AACPHOM (u3nky, 3 n3a., M., 1985; 1 a-
nuaepcknit B. K., MeToabl KeTEKTHPOBAHHA n3/lyucHuii, M., 1987.

B H P b'qpaﬁauaa.
CUMHTHAIALUMOHHBIA JETEKTOP HA BOJOKHAX
(CJIB) — pa3sHORWJIHOCTb  CYUMMILAASHUOHHORO — demekmopa,
OCOBEHIIOCTBIO K-pOrO ABJIACTCH PEryispHAs CHCTCMA MApail-
JIETIbHO PACNOJI0KEHIIBIX BOJOKOI M3 CUHNTHIAATOpa. Yacth
CBETA OT 3apsi. YacTHIUbI 3dXBATHIBACTCH BOJOKHOM 34 CYET
NONTHOTO BNYTP. OTPAXKETIHA HA FPAMHULIE H PACTPOCTPAHICTCH
no BOJNOKHY K Bbixody. T. 0., CBETOBOC H300paXCHHE Tpeka
HACTHIIbI NIOABIISCTCS HA BBIXOAHOH MITOCKOCTH NIETEKTOPA.

C,




OB6BIMHO BOJIOKHO COCTOHT H3 CIMHTHILTHPYHONICIO KEPHi.
TIOKPBITOFO TOHKOH 000T0YKOH H3 MaTepHala C MCHBUIHM
TIOKA3ATETEM NPENOMIIEHHS, 4TO0B O0ECTCHHTh MYy oT-
PAKAIOHIYIO TIOBCPXHOCTL M, 3HAYHT, YBCIMGYHTh JUIMHY 3aTy-
XdHHS (3 TAKkKe 3ALIHTHTL OTPAKAOILYIO NOBEPXHOCTH OT
MeXdHHY. HOBpCKIeHHs). JlOA CBCTA, 3dXBAHMCHHOTO BO.IOK-
noM, 30,5 (I —nZ/nl), rae no W n,— MOKAIATENH NPEIIOM-
NeHHs 18 060No4KH M kepHa. LIS pasubix Ma¥cpHa1oB
8~5—10%. B xauecTBe CUMHTHILAATOPOB HCNOIB3YIOT CTEKIIO
¢ pobBaskamH Ce, TUIACTHK (HA OCHOBE MNOJHMCTHPOIA) HIH
KHIKHA CHMHTHIAATOP (HAMP., Mla OCHOBe MeTHIHAQTAaNIKHA),
JATMTBI B CTEKJIAHHBIE KanuiApel. Hau®G. nepenekTHBHbI
KAHHILIAPhH! C KHAKHM CIHHTHUIATOPOM: ¢BeTOCGOp B Cp.
Gonbure B ~2 pa3a, JUIHHA 3aTyxanus ¢BeTa {3 M 11a 20-
MKM K4HHJUISPOB) HO3BOMAET CO3/1aBATh ACTEKTOPRI Honbio-
70 pa3Mepa (=3 M), pasHal. CTOHKOCTh Ha MOPAIOK Goabuie,
4CM Yy MUIICTMACCOBBIX BONOKOH. IIPHMEHSIOTCA BOIOKHA
IHaM. ot 20 MkM 10 3 MM, [UIMHOK | eM—2 M, k03d. 3anoa-
HEHHA BOJIOKHAMH pabodero o6néma ~ 50%.

CBCT ¢ BOJOKOH YCHIIMBAETCA HCCK. 2JIEKTPOHHO-ONTHY. npe-
obpasosatensimu (DOTT) ¢ BOIOKOHHBIMH ILARGAMU HA BXO1dX
W BbIXOAAX (CM. Bo.okownas onmuka). B ncpeoM Kackaac
yeusienua npumenstoT JOIT © BEICOKOH 1yBCTBHTENBHOCTHIO.
Ha docdopax nepbix JOIT NPOHIBOMKTCS 3aACPKKL ONTHY.
curama (200—500 uc), Heobxomumas A BEIpaboTKM
TPUITCPHOM JJIEKTPOHHKOH ynpasnsiomero curhana. Hasce
cBetT yeunusaeres apyrum DOII ¢ 66npwmm koxp. yeunenus,
K-PHIH YNPABASETCA HMIYIILCOM OT TpHUrrepa. Jlns cormacosa-
HHS pa3MepoB BeIxonHOH mnockocTH CHIB u perucTpHpyowmei
€HCTEMbL  MOTYT PHMCHATLCH 30I1 ¢ yBCIMYEHMEM WITH
YMEHBILEHHEM M300pakcHus. [TOTHBIH K0Dd. yCwiIeHMS cnc-
Tembl 0TI coctasnser 10°. Bpemcunde paspeurenuc C/AB
ONpENENIETCH BPEMEHIMH BLICBEYBRANUA T (HOCHOPOB NMEPBLIX
30IT u cocTasasct 0,5—1 Mkc.

Jna cuMTHIBaHUA HHQOPMAUMH BHAYATE HCTIOIb30BAIACH
DOTONNEHKA, K-PYIO BEITECHW.TH APUGOPb! ¢ 3aPA0080H CRH3bI0
(I3C). cOrnacoBAHHBIC ¢ BBIXOIHOM BOJOKOHHOH 1ai#boi 1o-
cnenero JOTM. Undopmanus ¢ M3C oundposbiBactes GbicT-
PhiM aHANOrO-tHPPOBEIM MPcobPLIOBATENEM H CYHTBLIBASTCS
8 GLICTPY10 TaMATh, cRA3aHHYI0 ¢ DBM. Méprtaoc Bpems C/1B
ofpenciseTcs BpeMeHeM CiHThIBaHKs ¢ [13C

Kakgomy BelOHTOMY (OTOINIEKIpOHY ¢ doTokaTona |-ro
J0IT coorseTeTByeT naTHO (knactep) va (13C. Koa-so kia-
CTEPOB 112 €/MHMILY JLTHIIE! TPCKR OT PCIATHBHCTCKOMH 4aCTHLBI
~3—10 MM - Tpu HTOM JL15 BOIOKOH AHAM. 20 MKM cpej-
HeKB‘d}]paTH'—IHbIH pa3bpoc KJIacTCPoB OTHOCHTE/TLHO TPEKA CO-
crapiser 18 Mim. TIpH MUIMHE TPEKda 5 MM TOYHOCTH JIOKATH-
33K Tpeka 6 MkM. ECTH BONIOKHA [ETEKTOpa PACNOTORHTH
BIOJIb MYYKd HYACTHI, TO OYAYT MIMCPATLCH OJHOBPEMEHHO
2 XOOPIWHATBI, NEPTICH/IHKYAAPHbIE ny4ky. Koi-Bo cBeTa yne-
maanTes B Gostee uem 10 pas, M NOTPCINHOCTD JIOKATH3AIHH
Tpeka OyAeT $2 MKM.

Briepeele C/IB 6butu Hecaeaopanst emé B 50-x rr. 20 B, [H].
OnHako NMpHMENEHHe HA4aloch ¢ cep. 80-x rr. B CBAIM C pal-
BHTHEM BOJIOKOHHON onTUKH, DOTT i CYHTBIBAIOILIMX CHCTEM Ha
ocHose T13C [2, 3]. HpeuMyuxeLTHd CJ1B: BbICOKas NIOTHOCTh
TOYeK Ma Tpeke— 3—10 M TS PCAATHBHCTCKHX HacTHIL
u Gonbwias AMHa 3aTyxauun [4]; BBICOKOC KOOPAMHATHOC
paipeuieHHe (<20 MKM); pa3pelieHHe MEXly TPeKaMH ~ 35—
100 mxm [5]; 6011,1"4;1 TIOTHOCTh HYRCTRHT. JIEMCHTOB, J10-
craratomas 2-105em ™2 pampan. crodkocts 2-10% pan [6];
MATLIE BPEMCHA BBICBCTHBAMMUA (T4 KH/KHX CIHHTHILTATOPOR
T~6 HC); BOIMOKHOCTb paboTaTh B MArH. MOTSX.

CJB MOXET HCIONBIOBATLCH B KAHECTBE T. H. BCPIHWHHOIO
JIETEKTOPA C BLICOKHM KOOPIWHATHBIM Pa3pCIICHHEM [T pe-
THCTPAIMM PACHA[I0B KOPOTKOKHBYUIHX HACTHIL COACPAKATIMX
Takenble KBApKH (eM. Kombunuposanisie cucmestol demexmo-

pog). CZRB TIO3BOJIET M3Y4dTh YACTHLBI C BPEMEHAMHU XH3IHH
~2-10 c. CZIB MOXET MCTOJIb30BATLCA B KA4€CTBC HDPELIH-
3HOHHOTO KOMMNAKTHOTO TPEKOBOIO JICTEKTOPA B IKCLEPHMEH-
Tax Ha BCTPEYHBIX iyukax. Ha ockose C/IB HM3roToBIf0T L.~
MarH. ¥ aIpOHHBIC KaJOPHMETPBI, MO3RO.ISIONIHE KPOME H3-
MEPCHHA PHEPTHH HAOMOOaTh W TPeKU HacTHn (cM. Honusmpr-
oumnlii kasopimerip). CJIB NPUMEHSIOT JUI% PETHCTPAIMH 4ac-
THH B Ka4€CTRE TOJOCKOIIOB € BPEMEHHBIM PA3PCLICHHEM ~ | HC

H KOODAMHATHEIM pa3peineHueM <1 mwm. [Tpu 3ToM cbEM HA-
hOpMaIHH OCYILECTBIAETCA MHOMOKAHAILHBIMH (JOTOYMHOXHU-
teaami [7]. [Ipu nenons3soBanuu ¢ CJAB 1sok€bIX HeOpraHud.
CIIHTHIIATOPOB NOABAACTCA BOIMOKHOCTE PETHCTPHPORATH
H Y-KBAHTBI C BBICOKO#H KOOP/HHATHOMH TOYHOCThIO.

Jwn.c 1) Reynolds G. T., Present s[dlus ol mnull.mon chamers,
«IRE Trans. Nucl. Sci», 1960 v 7, 2y Kirkby ), CERN/
EP;87-60, 1987; 3) Bamburov N. §. [t_, a. ] Preprint IHER 89— 41,
1989; 4) Buontempo S. [ a. ] Preprml CERN-PPE94— 142, 1994;
5)Cianfarani C. [e. a.]. A high-resolution detector based on liquid-
core scintillating fibres with readont via an electron-bombarded charge-
coupled device, «Nucl. Instr. and Meth.», 1994, v. A339, p. 449:6) Go-
lovkin S. V. |e. a], Preprint 1HEP 94—33. 1994; 7) Kuroda K.
[e. a.}. Readout of optical scintillation fibers by a position sensitive
pbotomultiplier, «Nucl. Instr. and Mecthos, [987. v. A260, p. 114;
MMpenpuur UPB-86—127, 1986. C. B. Iodosxun.
(LlMHTMJIJISlLlMﬂ (OT ndT scimillatio — Mepuanne) — kpat-
KORpeMeHHas (~ 10~ 9 ¢) CBCTORAS BCTIBILKA (BthlLu](d
ostunecyenyuy), Bomuxaromdn B CyuimudAAmopax noa aeH-
CTBMEM HOHH3UPYIOLUX HM3Ty4cHUit. C. BIEPBBIC BH3YANILHO
HaGmoman Y. Kpyke (W. Crookes) B 1903 npu obaywenun
2-HACTHUAMMU 3Kpand u3 ZnS. ATOMBbI WIIH MOJICKY.TbI CLIHHTH,1-
JSTOPA 32 CYET IHEPrHH HOHM3HPYIOUIEro H3AydeHHs (Hanp..
YCKOPEHHBIX JNIEK TPOHOB) NEPEXOAAT B BO3CYRAEHHOC COCTOR-
He; HOCIIENYIOUIMA Nepexol H3 BO3BYKAEHHOIO B HOPMAIIE-
HOE COCTOSHHE CONPOBOKAAETCH HCNyckaHHeM caeta—C. Me-
xank3M C., e€ crekTp HCMYCKAHHA H JLIMTENTbHOCTD BbICBEYHRA-
HHA 3aBHCAT OT NPUPOABI NIOMHHECIMPYIOLIEro BEIECTRa,
APKOCTL— OT NPHPOObl 3apsik. 4dactui. Tak, A-HACTHL
¥ NPOTOHOB 3HaunTebHO Apuc C. aexTponoB. Kakaas C—
pesyisTaT NEHCTBHS OAHOH HaCTHUBL ITO ODCTOATEILCTRO
HCTIOMBAYIOT B CYUnmMuddAyuoOHHbIX JemeKmopax INMA PErHCT-
PALHH JNEMEHTAPHBIX HACTHLL

CUETHUKH YACTHLL— HMIYICHBIC JNEKTPORHBIC deniek-
moper WacTHU. K HUM OTHOCATCA [éficepa cuémuuk, nponopyu-
ONQABNBIL CHEMYUK, CYLIMUAASYUOINIBIT QemeKmop W D,

CIBUH —BhiecHeTeMHas  €IMHANA  NOTNOMICHHA  JHEPrH
AMdDYIHOTO 3IBYKOBOro TOJIA, YNOTpebisemMas B dPXHTEKTYp-
HOH AKYCTHKC H PdBHAA TMOTJIOIEHHK TIOBCPXHOCTH HJIOLIA-
mpto B | kBaapaTHeit dyT, 0bsanaromed k0. noruomenns k.
Ha3spaHa B yecrs Y. (730HHa (W, Sabine). C. Na3bIBAIOT TakXe
CAHHHICH OTKPBITOI'0O OKH4;, 3BYKOBAA JMEPrHs B KOHEYNOM
CHETE U3 OTKPLITOrO OKHR YXOAHT HOJHOCTEIO (k0. Norno-
wenHs 1). Axanoruunas eduHnna uia 1 M? Has. MeTpuue-
cknm C

TAJIIMH (1at. Thallium), Tl— XHM. JIEMEHT 1. NOATPYNNB
1 rpynnbl mepuoHY. CHCTEMBI 31eMeHTOB MeHpencesa, aT.
HowMep 81, art. maeca 204,383. B TPHPOAC MPELCTBIIEH CMECHIO
SIBYX  €TaBUIBHEIX H3IOTONOB Tl (29.524%) u 95Tl
(7(),476%). "INeKTpoHHAS KOHDHryparus BHemt. 00omouex
652 p. DHEPrUy MOCNENOBAT. HOHH3ALMH paBHEL 6.108; 20.248:
29, RJ 50,8 3B. KpHCTZIJZﬂDX"M pasuyc atoma T. 0.17] nm,
paauyce HoHon TI* 0,136, TI** 0,105 5B. 3navenne 2ekTpo-
oTpHitaTenbHocTH 1.8. PaBoTa Bbixoja 2nekTpoHoB 3,7 1B,

Cymectayer HecKk. KpHcTannuy. Mosuudukaumi T, [pu
Temn-pax Huke 235, 'C ycro#uus o-Tl (rekcaroHanbHas
TUIOTHEHIIAA  KPUCTATAHY.  peméTka ¢ napaMeTpamh
a=344,96 1M 1 ¢=551,37 um), ero nnotHocts 11,849 kriam?
Benirte 2351 “C yero#aun §-Tl ¢ 065EMHOUEHTPHPOB. KyGH‘L
peuiéTkol, eé mapamcTp a=387,] nM. DHeprus nepexoad
a-TI—B-Tl 1,674 kIx/kr.

Mpu BbICOKMX naBiCHHSX oOHapyxken y-TI ¢ rpaHeneHTpu-
poB. Kybu. peniéTtkoi. x-Tl—MArkui KOBKHHE cepbli MeTaul,
=303,5"C, 1,,,= 1457+ 10 “C, vemn-pa [le6as 78,5 K. Ten-
=26.3 Ax/(moar-K). Tei1oTa TAaBACHAS

Toa
0EMKOCTh

(‘I'

TANNUA

41



TAHFEHHMAHbHOE

42

4201 x/Ix/monk, TeioTa HenapeHHs 1624 kJx/moub. [ua-
MArHeTHK, MarH. BOCHPHHMHYHBOCTH -T1—2.49:107'° (mpn
293 K). ¥a. onextpuw. conpotupnense 0,15 mkOM-M (npH
0 C). TemmepaTypHbI KO3]. 9NEKTPHY. CONPOTHBICHHA
5.177-10 K~!. TensnonpoBoaHocTs 38.9 BT/(M K). Koad.
MHERHOTO Tennosoro pactumpenns 2,8 - 107*K ™ L. Te. no Bpu-
nensmo 20 MIa, Moyb HOPMaiILHON YNPYIOCTH 7.95 I'Ma.

CICHCHh OKuCACHAA + 1 W + 3, mpuutm TI* 6onee yeroituns,
e TI**, nosroMy no mm. xum. cBoiicTBam T. moxox Ha
UiEJIOYHbIE METANbI, Ha BO3AYyXC OKHCISETCA M OKPbIBACTCS
NOOTHOH 3aumTuoi niénkoi okcupa Tl1-O. Coejmnenns T.
CH;IbHO STTOBHMTBIL.

T. UCIIOTB3YIOT K4K KOMIOHCHT JETKHX CTIABOB, AMajbra~
my T. (remn-pa sarsepaeBaida 214 K) mpumensior B Hud-
KOTEMIICPATYPHBIX TEPMOMCTPAX U Ap. NpHOopax. Ocobo uuc-
Tei T. HCOOXOAHMM NPH MONYYEHHH NO.1YNPOBOAHHKOBBIX CO-
ennHenmit Tuna TtAsX ; (rne X ectb Se, Te mnn S). CoeuHeHHs
T. CIYKAT AKTHBATOPAMM CIHHTHILTAIHONIIBIX MATEPHAJIOB.
BoHslit pacTBop cMeck coieit T. ¢ MypaBBUITOi U MAIOHOBOM
K-TAMH (T. 1. XHAKOCTH Kuiepuum) obnajaeT camoil BHICOKOH
MIOTHOCTLEY CPCAH CMAYHBAIOUIMX XHAKOCTCH H HCTONb3yeT-
€A B IAKHOMETPHH, TIPH PA3JIEJICHUH IOPOLIKOB HO MIOTHOCTH
u T. A Mekyceers. pasuonykaua 24T (T, =2,779 rona) mn-
POKO NPUMEHSAETCS KAK HCTOYHHMK 7 -YACTHIL B pa3n. pajMony-
KTH/IHBIX HPUEOOPaX (TOSIIMHOMEDAX, neducxrocxonux ® Ap.).

. C. Bepoanacos.
TAHTEHUHMAJBHOE YCKOPEHUE —To xe. uto xaca-
MEABNOC LCKOpemise.
TAHAEM — 10 ¢, 910 nepeapsonetii yekopumes.
TAHTAJT (nar. Tantalum), Ta,—xum. onemenT u0OOYHON
MOATPYINBl V (pyliibl HCPHOAMY. CHCTEMBI INeMcnToB Men-
jlesiceBa, aT. Homep 73, ar. macca 180,9479. B npupoae npea-
craBnen crabuibibiv 81 Ta (99,988%) u mano paCl‘lpOCT‘Pd-
HCHHBIM (0.012%) cabo PANHOAKTUBHLIM
(T2 l()13 J'ICT) "JACKTPOHHAS KOHOUTYDAIHA BHELLL. 060110-
uek 35’p®d*6s?. JHCPrHM MOCHCAOBAT. MOHM3ALMM COOT-
BCTCTBCHHO paBlibl 7,89, 16,2 1 22 2B. KpucTamioxum. panuyc
atoma T, 0,146 HM, paaHyc HOHa Ta®' 0.066 M. 3uaucHHe
IAEKTPOOTpHIAaTEIbHOCTH 1,5, Ana noaukpucramany, T. pa-
6QTa BBIXO/1a »1eK1POHOB 4,12 3B, ana Mounokpuerasmy. T.—
4,352 HB

B cBoBoanom nu,lcfccpblﬁ C CHHCBATBIM OTJIMBOM IUJIa-
CruMHbI MeTaL, peméTka KyOHYecKkast oéwMHoueHTpnpondH-
Has ¢ uapamerpom a=330,74 nm. [LioTHOCTL 16,6 KT/jM 2,

130 =2996 "C, 1,,=5425+100 "'C, Temu-pa [eban, onpcae-
SIGHBAs pabelMu METOAAMY, paBHa 216—263.8 K. ¥a. Terno-
EMKOCTD »=0.15 [Ixj(Moab-K),  TCHIoTa  IIaBJIEHHS
34,7 kAx/ MOJlb TCHI0TA HCHapeuHs 744 x/lx/monb. Temn-
pa Mepexomd B CBEpXNpoBojititice coctosnme 7,=4,47 K. T.
NAPAMAIHHTCH, MATH. BOCIPHHMYMBOCTH 8.49-107'° (npu

293 K). ICKTPHY. coHpoTHBieane 0,15 MxOM M (npu
300 K), TemuepaTypubiii k03(d. ONEKTPHY. CONPOTHBICHUA
31710 *K ' (npu  273—373 K). TennonpoBOuHoLTb

45,2 Bti(m-K) (0 "C), k03(). TCNIOBOTO JHHEHHOIO pacILMpe-
HHA 6,59 10 °K ' (npu 100 “C). Mexaund. cpoitctsa T. 3aBH-
CAT OT Cro MHCTOTHI. JINA UOJHKPHCTANIHY. T. MOAY.b yn-
pyrocti 186 ['Ma (upu 20 C), moayas casura 70 [Tla. s
oToxk€HHOro .aucrosoro T. TB. no bpuwcamo 045—
1,25 I'[Ta, T8. 1o Bukkepey §90 MITa.

Haub. xapaktepHas creneHb Okucnesds + 5. T.—camblii
YCTOHYUBRIA K KOPPO3MM M3 HCONATOPOIHBIX METAIIOB.

Metanmuy. T. MCNONB3YIOT A% H3TOTOBIEHUS 3JEKPO.TH-
THY. KOHJEHCATOPOB, dPMA1ypbl 3NCKTPOHHBIX JIAMIT {(AHOHBI,
CETKH, KAT0/lb] M T. 1), CIIell. KOPPO3IHOHHOCTOMKOH annmapaTy-
pbl B XHM. TIPOMBIIUIEKHOCTH. AAcpHOi sHepreTmke. M3 T.
H3IOTOBNSIOT DUIbEPBI B IPOHIBO/ICTHE HCKYCCTB. BOJTOKHA.
B mMennumue T. HpUMEHSAIOT KAK HPOTE3HBIR MaTepHall, NpoHo-
noky w3 T.— s cKperjicHMs TKaHe# W T. A, M3 MckyceTs.
Pd}lumlyxnuqon Haub. NpUMCHEHHE UMeCT [i-paauoak THBHBIH

T (T 2= 115 ¢cyr). C. C. bepdonocos.

TAV- .HLITI OH (T-n€NTOH)—3apsX. HEETAGHNbLHAS YACTHIIA
C EIMHHYHBIM 3ADS10M, CIIMFOM '3 u Maccoit (1777+3) M3B;
CaMasl THXENAA YaCTHIIA HI M3BECTHBIX B ECMEHCTBE A€NIMON0E.
Bpems ku3un t-nentora (0.303+0.008)- 10712 ¢

T.-n1. o6Hapysxen B 1975 M. [Tepnom (M. Perl) 1 ap. B Cran-
tdopre (CIHIA) B IKCAEPUMEHTaX H4 BCTPEYHEIX HNEKTPON-
MO3HTPOHHBIX TIy4YKaX B DCAKLIHM € +e 1t 4T [Mocne-
ayroutue pacnmager TV —e T (WT)+vHv M T op (e )+ vHy
NPHBOJM/TH K PErHCTPALMH B YETAHOBKE HacTHI e® M 1 (unn

M e7) € KaXyIMMCH HADYLICHHEM JICMITOHHOTO YHCTA.
IMEPTHH M HMIYJbca. OTMEUEHHBIC «CTPAHHOCTH» PErHCIPH-
PYCMBIX COOBITHHA, CBA3ANNLIC C BLIIETOM HEHTPHHO. TOMOTTH
BCKPBEITh B KOTNEYHOM CHYETE MX MCTHHHYKY TIpHpoay. Haub
BCPOSATHbIC KAHAILI PACTIAAA T-JICNTOHA MPHREACHK! B Tabn. |

Tabn. [

Mona pacnanma OTHOCHTC.1511a58 BCPOHTUOCTT

pacnaga, %

173404

177404

22.74+08

1140,5

" L1206

- 75409
U p° 5417
TonTn TRy, 4416

OTMETHM, 4YTO XApaKTEPHCTHKW TDEXJIENTOHHBIX PACIUION
(nepBble IBE CTPOKH TaOMHILY) XOPOHIO COOTBCTCTBYIOT MOJIE-
M T. H V— A4-B3aUMOJCHCTBHS WIIH CTAHIAPTHOH TEOpHM
caaboeo 83aumodeiicmeun Baiinbepra —Canama.

Ta6a. 2

OTROCHTENbHAS BEPOH TIOCTh
pacnana

Moua pacnana

Hsyuenuc pacnaaoB T-NENTOHA NOKA34l0, 4TO eMy CICAycl
MPHIHUCATD CBOE 0coBoe JIeNTOHHOE YHCNO L, (L, =1), oT;iun-
HOE OT 3JIEKTPOMHOTO W MIOOHHOTO JIEMTONHBIX YHCEN, K-POC
¢ BBICOKO#W CTENEHbIO TOUHOCTH COXPAHAETCH B pacnajlax. Co-
OTBETCTBEHHO CIIEAYET MPEATNOIIONHTE CYLICCTBOBAHMC 0COGO-
TO Tay-HeHTPHHO (V.). CTeneHb COXPAHEHUN JICATOHHOTO YHC-
na L. AeMONCTPHpPYCTCs B Tabn. 2. A. A. Kosap.

TAYHCEHI[A PA3PS /| — HeCAMOCTOATCIIBIBI H CAMOCTOS -
TeNbHbIH KBA3HCTALHOHAPHBIN Jtekmpuveckuil paipsd ¢ case
TDH HH3KHX JAABICHHAX (~HeCK. TOp) M OYCHb MAJIbIX TOKIX
(<1077 A). QneKTpuy. MoNe B Pa3PAAHOM HPOMEXYIKE O;(HO-
POIHO WM 1460 HEOJHOPOIHO H HE HCKAXAETCA Mpocmpail
CIGeHHbIM 3GPA0OM, HMEIOIIHM MAJICHBKYIO TUIOTHOCTH. Ha-
3pad no umenn Jx. Tayncenma (). Townsend), cosaasiuero
B 1900 ero Teopuro. COrnacHO 3TOH TEOPHH. 3NEKTPOHBI NPV~
HM3BOJSAT B Td3e YAApHYH HOHM3ALHMIO, XAPAKTEPH3YCMYHO KO-
2. 00— HHC/IOM HOHHM3ALMH, K-pbi€ CO3/1aéi OAHH TEKTPOH Ha
COMHHIIC TIYTH CBOEr0 IBHXCHHA OT KATOId K aHoay. O6-
PA30BaHHBIE NIPH 3TOM MOHBI MOCYT JMG0 Takxke yiaapHoli
HMOMH3ALHEH COD/IaBATh HA CHOHHHIE MyTH CROETO /JIBUKCHHS
K KaTOMy P HOHM3ALHMA, MO0 MPM YAape O KATOJl BHIPBIBATH
Y 37€KTPOHOB Ha Kaxiabii HOH. Kood. o. B H v nas. xoop.
TayHceHAa. DTUMH K03G. MOXHO ONMCHLIBATYL PA3PAIHBIA TOK.
B ciydae TWIOCKHX 971€KTPOIOB, HAXOAALUMXCS Ha PACCTORHUM
d ApyT OT JApyra, M TIEPBHYHOTO TOKA i, COIAABAEMOTO BHEIL.
MOHH3ATOPOM, pa3psMbIii TOK, ONpEIeIfseMblH YKA3aHHBIMKI
MPONIECCAMH, OMHCHIBAETCS CIICA. (-TaMH:

(@—p) exp [(a—B)d]
a—pexp [(a—B)d]

NPH HAJTHUHK OGBEMHON HOHM3AIMHK MOIIOXHT. HOHAMM;

()




exp (ad)
. 2,
1--¥ [exp (ad) Al] @
IPH BRIPLIBAHHH MONOXHUT. HOHAMH ITEKTPOHOB H3 KATONA;
{@—P) exp [{a—
B ex 2= p)d] ®

® a(l+7)=(B+a7) exp [[x—F)d]

TIPH HAJIHYHA oboux IIBHCTH“ﬁ TIOJIOXHT. HOHOB,

HccnenoBane 3/eMeHTAPHBIX TIPOIECCOB B paspAle Noka-
3a710, yTO ODLEMHON HOHM3AIHEH HOJOXHT. HOHAMH MOXHO
npenebpeub, MOTOMY peajbHOH ABJAETCH TONBKO ¢-yma (2).
JI. J1€6 (L. Loeb) HpeaHONOXHUI, YTO OCH. MPOIECCOM BHIPbI-
BAHHS %IGKTPOHOB W3 KAaTOAA SBIAETCA omodfdgexm, Bbl-
3RAHMLIA GOTOHAMH, BOIHHKAIONIHMH B Da3PAAHOM MpOMe-
KyTke. d-1a JIEGa uMmeeT BT

i=i, exp(ud)I:l-mBgi (exp [(a—u)d]flj}“, @)

rre 8—uncio (GOTOHOB, BOIHMKAIOLIMX NPH MPOXOKIACHHH
3MEKTPOHOM CAHHHIBI MYTH; U —X03¢). HOIJOUIEHHS GOTOHOB
B raze; g— 2eomMempuseckuil gaxmop, ONPENENAIOWHA YHCIIO
$OTOHOB, WAYUIHX K KAaTOMy; T—4HCIO (OTOINEKTPOHOB,
NPHXOALIMXCH HAa OARH (GOTOH, mocTHratonMi katoga. 060-
3Havas Ngo/(a—p) =7y, MOXKHO MONYuHTE (-Ny, TIPAKTHYECKH
Be oTHYatonyrocs ot (2). 3ta ¢-na oOWYHO TPHHWMASTCH
JJIA HECAMOCTOATENLHOTO T. P. MpPH ero ONMMCAHHH K aHaNH3e,
BKJIIOYAS. TIPU 3TOM B KO3. Y BCE MPOLECCHI, MPHBOMALIHE
K BBIPbiBAHHIO 3NEKTPOHOB M3 KaToaA.

Teopus T. p. no3sonsieT OGBLACHHTL NEPEXOA HECAMOCTO-
ATEbHOTO Pa3psna B CAMOCTOATEIbHBIH. YCIOBHEM IS 3TOTO
Tlepex0/1a ABSETCH PABEHCTBO HY/IO 3HAMEHATENS B M060M H3
NpHBEAERHBIX (-1, MaTeMaTHYecKH 3TO O3HAYaeT, 4To TOK
B pa3psie CTPeMHTCA K GeckoHeyHOCTH. Taxoil BHIBOA MOMTyya-
€TCS TIOTOMY, YTO HCKJIFOYEHO M3 PACCMOTPEHHS BpeMA pa3-
BATHS pazpaga. PeanbHO HEPEXOX HECAMOCTOATENBLHOIO Pa3-
pAla B CAMOCTOSTENBHLIA O3HAayaeT MpoboH, NpH K-poM TOK
pa3pAa HEOr PAKHYEHHO BO3pacTaeT, Gy AyyH OrpaHHuEH NHIIb
napaMeTpaMH lend. MH3IHYECKH paBeHCTBO B0 3HAMEHa-
Tesd, WiH

y{exp[{a—p)a]-1}=1, ®
03HAYAET, YTO BIAMEH OJIHOTO 3MICKTPOHA, MOKHMIAIOUIETO Ka-
TOA, B Pe3y/LTaTe BCCX MPOLECCOB B 00BEME H Ha TOREpX-
HOCTH K4TOA2 HOABIAETCH HOBEHIA 35ekTpoH. Yeiaoswe (5) BbI-
NOJHAETCA MpH OMpeneN. 3Hayenusx xo3d. Tayucenpa, x-peie
3ABHCAT OT HATIPAXEHHOCTH NOJIA M JABJICHHA rajla; CoriacHo
Tayncenay, koad. o onuceiBaetcs ¢-10H
a=pc,exp(—cop/E). (6)
XoTd aHajH3 pealbHBIX INEMEHTAPHBIX MPOLECCOB BIAHMO-
NEHCTBHA SIEKTPOHOB € MOJIEKYJIaMH Ira3a NpHBOIMT Kk Gonee
CTPOrOMy BBIDAXEHHIO U1 d, TeopHs T. p., brmouas ¢-1y (6).
no3BoNHNa oGocHoBaTh [laweia 3axom, B HACTHOCTH, OOBSIC-
HUTh HaJIHYHE MHHHMyMa Ha KPHBOH 32BMCHMOCTH Hampske-
HUA 32KHTaHUA pa3pada oT pd. CaMocTOATENbHBIH T. p. Haa.
TaKkke TEMHBIM Pa3pALOM.

HansHeiiice pa3putre Teopus T. p. mojyywna B paGotax
B. Porosckoro (W. Rogowski), yyHThiBalOWRX 06pa3oBaHHe
00BEMHOrO 3apsifia MCKIY 3NEKTPOJAMHM W BPEMEHHOH Xon
passuTHs paspana. [Ipu noseiutennn Ttoka T. p. mepexoaut
B maeowjuli papac.

Jlum.: Kannop H. A., DneKTpHYecKHe SIBNIEHHA B Ta34X H BAKYYMe,
2wg., M—JL, 1950, ra. 13; JI&6 J1., Ocnosnble NpoUSCCH 3NeKTPH-
YeCKHX pa3pAiOB H rasax, nep. ¢ aarn., M.—JL, 1950, rn. 13; Muk
Ax., Kparc Jlx., 3nexTpayeckuil nupoboif B rasax, nep. ¢ anriL, M.,
1960, rn. 1—2; TpanosckH# B, JI, DnexTpaueckHit Tok B rase.
‘Yerauopupimmiics Tok, M., 1971, rn. 2; XoeaTcou A. M., Brenepue
B TEOPHIO Ta30B0r0 pa3pafa, nep. ¢ apra., M., 1980, ra. 3.J7. 4. Cena.
TAXMOHBI — runoTeTHy. 4acTHIpL, CKOPOCT K-DEIX NIPEBbI-
ImaeT CKOPOCTb CBETA B BaKyyMe c. T. Kak 0OBEK ThI, OMACHIBA-
OMHECH OJTHWM H3 HETMPHBOAMMBIX MpPEACTaBNeBni Tyanxape
2pynnvi, BriepBhLie BBedeHRt FO. Burvepom [1]. 3asa4a o Haxo-
HIETTHH 1.-MATH, TIOJIA, CO3JAaBAEMOTO IERTPHY. 32pAIOM,
JBHXYHIHMCS CO CBEPXCBETOBOM CKOPOCTBIO, PaccMATPHBaA-
nack ropa3no passie O. Xesucaigom (O. Heaviside, 1888)

# A. 3ommepdensioMm (A. Sommerfeld, 1904). Dxcnepamen-
TasbHo T. He OGHAPYKCHBI, OOHAKO HEH3BECTHBI H .TOTHHECKH
HEYS3BHMBIE TEOPETHY. OHPOBEPKEHHS HX CyLUECTBOBAHHS.

M3 pCenSTHBHCTCKOTO COOTHOIHEHHS MeXAy OHepruei
& W MMHYILCOM MACTHIB p=&u/c? (u— CKOpOCTh MaCTHIBI)
BLITEKaeT BhIPAXEHHE And KBaApaTa cOGCTBeHHOH Macchl M
T.:

e fopfTi=(1—ute T e,

T.€. upH u>c M2 <0. T. o., cobcTBennas Macca T. okaswiBacT-
sl MHHMOH: M =i\, 4 ero 3HEpPrHA C YBC/THYEHHEM CKOPOCTH
ybnIBaeT:

1y

CywectBoBaHHI0 ¢BOGOAHBIX T. NMPOTHBOPEUHT NPHHUMN
MPHYUHHOCTH, COTJIACHO K-POMY BPEMEHHAS TMOCJe10BaTEb-
HOCTH COOBITH}, CBA3AHHBIX (U3 CHTHAIOM, HE MOXCT OBITH
obpanieHa NMKAKWM BHIGOPOM CHCTEMBI OTCHYéTa (MPHYWHA
BCErfa NPEAIHCCTBYET BO BPEMEHH CJIENCTBHIO). [l moscHe-
HHA PacCMOTPUM TIPOCTPAHCTBEHHO-BPEMCHHEIE COOBITHS (X1,
1))} ¥ (x3, f1), CBA3aHHBIE TAXHOHHBIM CUTHAIOM, T. €.

E=pc?(uie™

Torna B CHCTEME OTC‘IET&, K-pas ABHXETCH CO CKOPOCTHIO U,
Y/AOBNETBOPAOILEH YCIIOBHIO ¢/u<v/c< ], WMeeM, COrTacHo
npeobpazopannio Jlopeuna,

bty =(t2= 1) (1 —wwe ") (1 —we 7)1 <0,

T.€. MPHYHHA W CICACTBHE MEHAIOTCH MECTAMH B MPOTHBOPE-
IMA € MPHHLHKIIOM NPHYHHHOCTH.

OnHAKO NPHHIAT TPHYHHEOCTH, BO3MOXHO, HAPYIHAETCA Ha
MHKpockonHY. Maciutabax (em. Tpuunnocmy npunyun, Heao-
KAALHAA KGAUMOBUA Meopus noas), , CIEAOBaTEeNbRO, HA Td-
kX Mmacitabax cywmecrsoanne T. He HCKTIOYAETER.

Hiest 0 BOIMOXHOCTH CYHIECTBOBAHHSA T. HA MAKDOCKOTIHY.
Maciutabax snepseie onydaukoBana . I1. Tepienxkum B 1960
[2, 3]. Or npeanonoXHi, 4TO B OCHOBE (PH3. IPHHLKHA TIPH-
YHHHOCTH JOIXHO JIEKATh 6MOpPOe HAYAA0 MepMOOUHAMUKI ~
3aKOH BO3pacTaHus SHTponHH. [lockonkKy BTOpoe Hawamo
MOXeT HapYNiaThCsl BO QIIYKTYAUHAX, TO CBePXCBETOBBIE TIPO-
Lecch! BOJIHE DOTYCTHMbI KaK ABJICHHA (GIyKTyaIl XdpaKTde
(B 4AaCTHOCTH, H HA MaKPOYPOBHE).

T. goaXHB 06a8aTh HEODBIYHBIMH CBOHCTBAMH. XOTS OHH
HC MOTYT NEepPeHOCHTh MRGOPMALHIO (RErIHTpoNHio; cM. Teo-
PpuA unopsmayiur), HO BIOJIHE MOTYT CBA3BIBATEL COGBITHA, ECITH
3TY CBSA3H NOMHMATE HE KaK CJIENOBAHHE BO BPEMEHH (NPHYHH-
HOCTB). 4 KdK BIAHMHYK oOycnoBJeRHOCTH (06OGMIERHYIO
TIPHYHHHOCTh), BBIPKALOUIYIOCA B DABHOMpPABHH CBA3BIBAE-
MBbIX cOGBITHHA. T. 0., HCJIb3d TOBOPHTEL Pa3/IeNIBNO O TIOTJIONIE-
TIHE HiIH Henyckanud T. B k.-, TOYKAX, a CicayeT paccMaTpH-
BaTh 370 Kak eHHbIH MpOLUECC HCIYCKaHHA-NOTTIOLIENHA, CBA-
3piBafolMA  JABe  ToukH. HeoGxoammo  nonoyepxmyTh
TIPHHIMTIHA/IBHOE OTIHYHe T. OT OOBIMIIBIX MACTHIL, €OCTOSLLEE
B TOM, 4T0 T. HE TONBKO HHKOIJA HE MOXeT HAXOAHTHbCR
B NOKOE, HO B TIEK-pOH cHCTeMe OTCHETA ero CKOPOCTh OKadbl-
BaeTcsa GeckoncuHoM. JeficTBUTENBHO, CKOPOCTH U TAKOH CHC-
TEMEI HAXOJMTCA H3 ycaobHs |, =/, oTkyna v=c?/u. B yxa-
3aHno# cucreme orTcuéTa T. BBIFJISUIMT kKak ma MIHOBEHHE
BOZHHKAIONIME OOBCKT, BBITAHYTHIH BJIOIL MPAMOR JIHHHH,
COEAMHAMTIER TOYKH HCHYCKATIHA-TIOTTIOUIEHHUS.

K nponeccam, B k-pbix MoraH 6sl y4acTsBoBaTh T., MOXHO
OTHECTH, HAND., OOMET GUPMYAAbIBIMU HACKIUYaMu WITH TIEDE-
HOC BOTOYKICHHH BHYTPH YaCTHIL KdK MPOTAKEHHBIX 06HEKTOB
(HC:ToKanbnas TeoOpHd Mo, TCOpHS coNHTonos). T. kak mepe-
HOCYHKH MOJ0GHBIX BIAUMOCHCTBHA H K4K peasibHbIC 4acTH-
bl PAECMATPHBAIHCh MHOTHMH ABTOPaMH. OIHHMH M3 TCp-
BBIX 370 cienand C. Tanaka [4]. O. Buianiok, B. Jemmnasa
# E. Cymapruan [5], T. ®deinGepr [6), 2. Pexamu [7, 8] u ap.
B yactnocty, Tanaka BuepBble MOCTPOUI TIENPOTHBOPEYHBYIO
KBitHTORYIO TeopHio T. B ero teopun T. NOABNSIOTCA TONBKO
BO H3IAWMOJICHCTBUAX € JIP. WACTHLAMH (B NPOMEXYTOYHEIX
€OCTOAHHSAX), HO HC B CBOOO/HOM COCTOSHHH, 4TO NMPHBOIWT
TEOPHIO B COOTBCTCTBHE C [[PHHIIHIIOM TIPHYHHHOCTH.

TAXWUOHBI
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TBEPIOE TEJIO — arperatHoe cocTOSHHE BellecTBa, Xapak-
TEPH3YIOWEECS CTAGHIIBHOCTBIO POPMBI H XAPAKTEPOM TEHIO-
BOTO IBHXEHHA aTOMOB, K~DhIE COBEPILAIOT MaJible KOeOaH s
OKOJIO TOJIOKEHHH PpAaBHOBECHA. Pa3sMYyalOT KPHCTAJUTHY.
H amopdpueic T. 1. KpHCraamsl xapakrepHayroTes mnpo-
CTPEHCTB. IICPHOAMYTIOCTBI) B PACTIOJOXEHHH PaBHOBECHAIX
nonoxeHud aToMoB (M. Haasnuil u bauvxcruit nopacox).
B aMOpdHBIX Temax aToMbl KONEOTIOTCA BOKPYS XaOTHUECKH
PACTIOJIOKEHHBIX TOYEK. COTJIACHO KJIACCHY. TIPEACTABICHANM,
YETOHYHBBLIM COCTOSIHHEM (€ MHH. BHYTp. JHeprueii) T. 1. a8-
JISIETCS KPHETANIHYCCKOE. AMOPPHOE TEJIO MAXOANTES B METa-
€TabHILHOM COCTOSHHH H C TEYCHHEM BPEMEHH IOJIKHO MNe-
PeHTH B KPHCTAJIJIHY. COCTOAHHE, OIHAKO BPEMA KPHCTAJLIH3a-
IMH Y4CTO CTOJNIb BEJIHKO, MTO METACTAGHIBLHOCTL BOBCE HE
nposBAeTCa (CM. Amopdinoe cocmoanue, Cmex.aoobpasioe co-
cmoanue).

Bce pelecTsa B NPHpPO/E YaTBep/IeBAIOT NPH dTM. 1ABIICHHH

¥
u Temn-pe T>0 K. Hckmovenne cocrapnser He, x-puid ocra-
€Tca KHMIKHM TpH aTM. JaBjieHun BHJIOTH a0 7=0 K. [ng
kpHeTa/msanne He neobGxommmo maBiieHHe 24 aT™M TpH
T=1,5 K; 310 yHHKaJIbHOe CBOMCTBO He HAXOAMT 0GBACHEHHE
B KBanToBOH TeopuHu T. T. H XKHAKoCTeH (CM. J2.auii meépovii).

Iipu uccnenopaunu meépdeix pacmdopos usotonos He (Hoa
JIABIIEHHEM) OGHAPYKEHO 0C0HO0¢ COCTOSHHE BELIECTBA, JAHH-
Maloilee IPOMEXYTOYHOE TONOKENHe MEXIY KPHCTaLIoM
H Xaarmoaoil #cudkocnivio. ONO TIONYHHTIO HA3B. K8AHMOBROZ0
Kpucmaisa. Y OOBIMHBIX KPHCTAJUIOB BOJIHOBRIE CBOHCTBa
AFOMOB NPHBOIST K CYIIECTBOBAHHIO KONEOAHHHA KPHCTALTHY.
pewnérkn npy T=0 K (uparesvte xonebauus), y KBAHTOBBIX
KHAKOCTEH 3TH CBOHCTBA MOJIHOCTBIO PA3pylIalOT KpHCTal-
JIHY, CYPYKTYPY, @ Y KBAHTOBBLIX KDHETAIUIOB BOJHOBBIE
CBOMCTBA 4TOMOB, COXpansA BhLACTECHHOCTh Y3JIOB KPHCTAl-
JTHY. PeHIETKH, AONYCKAIOT TICPEMEINEHHe dTOMOB C y3na Ha
Y3€JI (CM. HHXE).

MousTie «T. T.», KAK H HOHSTHE OKHAKOCTL», HMEET Xapak-
Tep HACATHIAUMH (MOJEIH), Tounee ObinO Obi TOBOPHTH
O TBEpHOTENLHBIX M XHAKOCTHBIX CROMCTBAX KOHIEHCHDOB.
cpennt. Hamp., ¢ TOMKM 3pPeHMs YNpYrHX €BOHCTR, TBEDIBIM
CIIENYET CYMTATh TeJIO C OTIHYHBIM OT 0 CTaTHY. MOAyJeM
casura 9 (y xuakoerH 3=0). Ilpu paccMoTperHH mmacTuy.
€BOMCTB TBEPANM CNELYET CYHTATH TE10, eoOpaTHMO aedop-
MHPYEMOE THilIb TPH KOHCYHOM HAANOPOrOBOM HATIPSXEHHH
(y XHIKOCTEH, [ake O4eHbL BA3KHX, THIIA CMOJ, NOPOroBOE
HanpsKeHHe HeoOpaTHMOH AedopMauuu pasHo 0).

Hecnenosanus esoiiers T. T. 00beAMHHIHCH B GOJIbLIYIO
obaaers —usnuxky T.T., pasBuTHE K-pof CTHMYJHpYETCA
kak (ynaaM. Haykoii, Tak H NoTpeGuocTsMu TexHHKH. Okomno
HOJTOBHHBL (PH3HKOB MHpa pabotatoT B 06racTH (HIHKH
T.T., MOYTH MONOBHHA BeeX Hayd. ¢M3. myGimMkamui OT-
Hocurcs K HecaeaoBario T. 1. dusmka T. T.—HCTOMIHK
HOBBLIX MATEPHANIOR. HOBBEIC (H3. HAEH, POXKIAIOMIKECE B (-
3uke T.T., NPOHHMKAOT B SAAEPHyR0 (HIHKY, acTPOPH3IHKY,
Guodusnky U /1p.

HUcropuuccxas enpapka. Haxonnenwe u cHcTemaTH3auHs
Aamubix o cpofictax T. T. (Merannoe, MuHEpasoB M ap.)
HaqwIHCh ¢ 17 B. BbLI YCT4HORNEH pAN IMIHPHY. 3aKOHOB,
ONHCLIBAIOMIAX BO3NEHCTBHE Ma T. T. MEXaHHY. €HJ, CBETa,
IEKTPHY. B MATH. NONEH H 1.4, BbUIH OTKPRITE [yKa 3aKoK
(1678), Mwaonea u Hmu zukon (1819), Oma 3axon (1826),
Budemaria— @panya 3axon (1853) w np. B I-& nom. 19 s,
CO37anbl OCN. KOHUCHUMH yupyeocmu meopuu, Js K-poH Xxa-

pakTepHO npeacrasieHue o T. T. kak O CHIOMHOH (KOHTHHY-
aJIBHOH) cpese.

HPCDCTHBHCHHC O KDHCTAJIJIE KaK COBOKYIHOCTH aTOMOIs,
YHOPSAOHEHHO DACTOJIOKEHHAIX B MPOCTPAHCTBE M YIEPKHBA-
€MBIX OKOJIO TIOJIOXKCHHA PaBHOBECHA CHJIAMH B3aUMOJMEHCT-
BHA, GBLIO B OKOHYATEILHOM BHAE chopMynpoBano O. Bpasc
(A. Bravais) B 1848. Onnako 3T4 MAEH BOCXOJHT €LIE K TPAK-
Tatam H. Creno (N. Steno, 1669) n P. XK. Aton (1784), k pa-
Gore U. Hpiotona (1. Newton, 1686), B k-poit paccuHMTana
CKOPOCTB 3BYKa B UEMOYKE YINPYIO CBA3AHHBIX HacTHu, [. bep-
uy (D. Bernoulli, 1727), O. JI. Komn (A. L. Cauchy, 1830)
u ap. B 1890 E. C. ®énopoB u HesaBuenmo A. Iliéud.mac
(A. Shoentlies) moka3aniu BOIMOXHOCTb CYuieCTBOBaHHs 230
BAPHAHTOB YHOPAAOYECHHOTO PACHOJIOKECHHA YACTHI] B T. 1.
(cM. Cummempun xpucmaaios).

B 1912 M. Jlays (M. Lane), M. Kuunmunr (P. Kuipping)
u B. ®puapnx (W. Friedrich) oTkpeuin ougipaxyuo penmaoe-
HOGCKUX ayyeld HA KPHCTAJUTAX, OKOHYATENILHO YTBEP,IHB NpPe/i-
CTABJIEHHE O KPHCTA/UTHY. T. T, KdK YHOPATOYEHHOK JIHCKPC !~
Ho# ctpyktype. B 1913 V.JL Bparr (W. L. Bragg)
¥ I'. B. Byib) yCTAHOBHIH COOTHOIHEHHE, CBA3BIBAIOIIEE 1IC-
PHOA KPHCTAJLTHY. PELUETKH, JUTHHY BOJIHBI PEHTL. W3JIyYeHHs
C HATpaBNeHHAMH AHOPAKL. MakKCHMYMOB (cM. Bpizca—
Byavpa ycaosue). Ha ocHose 37010 Gblnn paspaboransl MeTo-
Jbl JKCNIEPHM. ONPEACIICHHA PACINOJIOKCHHA 4TOMOB B KpH-
CTAIaX M H3MEPEHHS MEXATOMHBIX PACCTOAHHH, YTO MO.Iv-
KHJIO HAYaJI0 PEHTT. CTPYKTYPHOMY AQHAJIH3Y M JAD. MupaKLL.
METOJaM HCCenoBaHHN cTpykTypsl T. 1. B 1927 K. Jx. /I»-
BuccoH (C. J. Davisson) u JI. X. Jxepmep (L. H. Germer) na-
6monann Jugppaxywo asexmporios Ha kpuctasuic. Brocnei-
CTBHH Gbila OGHapykeHa TH(MPAKUMA HA KPHCTAJle HEHTpo-

HOB (CM. //elfmpouozpafuﬂ cmpykmypnan J u ap. actan.

B nanbHedem dusnka T. T. pasjennnacs Ha psjl obaacTelt,
060coGIeHHe K-pBIX TIPOHCXOIHT MYTEM BBLIEIEHHS AHGL
06BeKTOB HeeneAOBAHHA (Du3HKa Mentara08, Pu3uKa noaynpo-
800/1uK08, PUINKA MATHETHKOB H AP.), THOO METOMOB HCCIIE/I0-
BaHHA cBOHCTB T. T. (MEXaHHYECKHX, TEMIOBRIX H T. 1.).

Ksantossie npenctabienns B ¢usuke T. 1. ®nzuxa T. 1.
B COBD. €& MOHHMAHHH KaK KRAHTOBOH (DMIHKH KOM/IEHCHPOS,
CHCTeM, COCTOSIIMX M3 OTPOMIIOTO WHCIA Y4acTHI {~ 1032
B | cM?), Hawana popmupoBaThes B Had. 20 B. OmuM U3 oCi.
Pe3yJIbTaTOB KBAHTOBOTO MOJX0/1A K HCCJICIOBANHK CBOHCTD
KPHCTANIHY. T. T. ABHIIACh KOHUCMLHA K8d3UYacruy. BHCPTHKY
BO36YX/IEHHOTO COCTOSHHA KPHCTATA ROIH3H OCH. COCTORHNS
MOXHO NpeACTaBHTh B BHNE CYMMBI 'mepruﬁ OT/I. KBAAIHYA-~
CTHL. 3T0 TIO3BOJIAET BBECTH HOHATHE «ra3a» KBa3HYyacTHI A5
HCCIIEAOBAHHA TENJIOBWIX, MArH. H np. cBoiictB T. T. H Hc-
HOJIB30BAThL TIPEACTABNCHHS KHHETHY. TCOPHH ra308. Maxpo-
CKOIHY. XapaKTepHCTHKH T. T. NPH 3TOM BBIPAXAIOTCR Uepc’
XapaKTEPHCTHKH KBA3HYacTHU (ATHHY TpoOera, cKopocTh
M Ap.). KBaaM4acTHIBI CyluecTBYlOT He B CBOGOIIOM mpo-
CTPaHCTBE (KaK YacTHUbI B peajlbHBIX rasax). a4 B KPHCTAJIJIHY.
peli€TKe, CTPYKTYpa K-pOH OTpaX4€TCA B HX CBOHCTBAX
(CM. HEXeE).

3naune cTpykTyphl T. T. M XapakTepa NBHKEHHsS 9YacTHI
NO3BOJISACT YCTAHOBHTb, KaKH€ KBA3HYAaCTHUBI OTBETCTBEHHB!
3a TO HJAH ApYroe sBieHne MM cBoiicTo. Hamp., meicoxas
IEKTPOTIPOBOHOCTD  METAJIOB OGYCIIOBIIEHA OteKmponami
nposodumocmu, a TEMIONPOBOAHOCTb — YIEKTPOHAMH TIPOBO-
AHMOCTH H _(ﬁououa,uu, Hek-pble ocobeHnocTH TOrIOUIEHHA
ceta B T. T.— okcumonasu, GeppoMarH. pe3oHarc — vacno-
waMu M T. 2. (CM. HUXKE).

OTHYHE KOJTHYECTBENHBIX XaPAKTEPHCTHK pasll. JBHKEHHH
HacTHIl B T 1. noasdnue’r OTNEJHTh OJHO JIBHXEHHE OT J\pyro-
10. HC34BHCHMOCTD P31, THIOB ABHXeHHA T. T. o0ycnoBicHa
MaJIofi SHeprueH B3IaMMOAEHCTBHA MeXIy KBAIHYACTHIAMH,

AtoMur M Mosiekyast B T. 1. CTpyKTYpHBIMH EAMHHLAMH
T. T. ABNAIOTCS ATOMBI, MOJIEKYJIbl H HOHA. ATOMHO-KPHCTAI-
Y. cTpykTypa T. T. 3aBHCHT OT CHJI, JEHCTBYIOUIHX MEXIY
uacTallaMe T. T. ONHH B TC XK€ YaCTHILLI MOTYT O0pa30BbiBaTSL
pazi. CTPYKTYphl (Hamp., cepoc u Genoe onopo, rpadut u wi-
Ma3; oM. TTomumopgusm).

l'Ipu JAOCTATOYMHOM MOBAIILIEHHH TEMII-PLl HCC T 1. IVIBBATCH
(HH BO3TOHAKTCA). TToxBoaHMAR K TeJly B MPOIICCCE TUIABIIC-
HHA TENIQTA TPATHTCA Ha pa3plle MEKATOMHBIX CRA3CH. TCATH-



pa naaeneHus 7, XaPAKTCPHIYIONKS CHlY CBA3H dTOMHBIX
vacTHi, B T, 7., pa3iu¥nal ¥y  MOJICKYJISPHOIO  BOAOPOAd
Tox=—259,1 C, y Boabbpama 3410420 C. a y rpaduta
Goztee 4000 C (eMm. Meascamosnoe a3aumodeiicmeue, Meoe-
soaeKyaaproe a3austooeicmeue). Teépiamit *He cocTabnser
HCK/IHOUCHHMC: OH TUTABMTCS IO AdABJICHHEM MPH NMOMHXCHHH
TeMI-pot (¢M. Tlomepanuyka sdihexm).

UsMensst cp. PACCTOSHHE MEXYy 4TOMAMH € TNOMOLILIO
BHELI. JABJICHUS, MOXHO CYIICCTBCHHO H3MCHHTb BEJHMHHY
MEXATOMHBIX CHJI H 0.1aroNapsi DTOMY — KDHCTAJLIHY. CTPYK-
1ypy T. 1. Tlpn 60.1nmHx iaBileHHAX o6HAPyx)eHO GolbLIoE
UHCIIO PAssl. KPUCTA/IHY. Moaupukanuii. Mu. nonynposoa-
HUKH O/l N4BJICHHCM TIEPEXOMAT B MCTaIuy, coeTosHHe (Ge
npu aasieHHu 120000 aTm CTAaHOBMTCS McTaiuIoM), 4 Y Mo
A@BIIEHUCM NPEBPAILAETCS B NMOJTYNPOBO/IHHK. ECTh OCHOBAHHS
CYMTATh. YTO MOJIEKYJIAPHBIH BOAOPOI MO/ JABJICHHEM B 2—
3-10° aT™ npespatacTcs B MCTAI (¢M. Memaaiuveckuit 80-
dopod). TlpH upe3BbiMadHO OONBLINOM AABJICHHM (HJM HIOT-
HOCTH), Koraa o0hém, IPHXONSILMHACA HA OJMH 4TOM, MEHbLIC
O0BIMHOTO 4TOMHOTO PA3MEDi, ATOMbI TCPSIOT CBOK) HHWBH-
[YAJIbHOCTh H BEWECTBO NPEBPAILACTCS B CHJIBLHO CXATYIO
3NEKTPONHO-ANEpHYIO NinaiMy. Mccenopanie Takoro
COCTOAHMSA BELICCTBA BUXHO, B YUCTNOCTH, NS NOHMMAHMS
CTPYKTYPbI 36630,

Usmenenus crpyk1ypbl H cBOHCTB T. T. (Paszossie nepexodnr)
NPOHCXOUAT TAKXKC NMPH HIMEHEHHH TEMII-Pbl, 104 AEHCTBHEM
MarH. NOJIeH H Ap. BHELIL. BO3/ICHCTBHH (CM. Takxe Cmpykmyp-
Hbie Pazoevie nepexoust).

ITo THIAM €BA3HM MEX/ly HACTHLIAMH H DHEPIHEH CBA3H MEX-
Ay uamu T. 1. JICNISATCA HA 5 THIOB, KAXiIbIH M3 K-DbIX Xapak-
TCPH3yeTCH ONpE/E. IIPOCTPAHCTBCHHBIM pacnpeneselHeM
2AeKTPOHOB. 1) B womeix kpucmaiiax (NaCl, KCl u 1p.) ocn.
CHJIbl IPATAKEHH A, ACHCTBYIOLIHE MEKY HOIAMM,— JJIEKTPO-
cTaTHYeCKHe. 2) B KpUeTusIax ¢ KOBIJIGHTHONW CBA3bI0 (a1Ma3,
Ge, Si) BaseUTHBIE HIEKTPOHbI COCE/IHHX 4TOMOB 06001IeCTB-
fieHbl, KPHCTAJUT NPEJICTABIIACT cOO0H KdK Obl OCPOMHYH) MO~
Jexyy. 3) Y GONBIIMHCTBA MCTA/LIOB DHEPLMIO cRA3H o6yc-
JIOBITMBAET KOJUIEKTHBHOE B3AMUMO,1CACTBHC HOABHXKHBIX 31€K-
TPOHOB ¢ MOHHBIM OCTOBOM (MCPNLLAUYECKAs (6H3b). Y HEK-
PHIX METAJIOB (HAHP., ¥ JIEPEXO/INbIX) BAKHA TAKKE KOBATIEHT-
Hasi CBfidb, OCYUICCTRIACMUA HIEKTPOHAMM HE3AIOJHEHHbIX
BHYTP. 000.104CK. 4) B MONEKYRAPHLIX KPHCTAILIAX MOTIEKYJTbE
CBA3aHBI CTuGbIMH CHTaMH BuH-nep-Baajibca (cM. Mewcmose-
KyAAphoe 63aqumodericmeue). 08YCIOBICHHBIMM AMHAMMY. 110~
IApH3aLMel MOJIeKYL. 5) B KpucTannax ¢ BOQOpPOOHBIMH CBA-
MK KaXABIIH 4TOM BO/OPO/ld €BA3AH EHITAMM NIPUTHKCHHSA
OHOBPCMCHHO C ABYMSA 1p. aTomMamu. Bonopoguas esasb
BMECTE C EKTPOCTATHY. NPHUTHKCHHEM JHIIONBILIX MOMEH-
TOB MOJIEKY.T BOIbI ONPEACIIAET CROHCTBA BOMB H iibga. Kiac-
CHUKALMA 10 THIIAM CBS3H YCIOBHA, BO MH, CIIydasx HaOIHo~
JAETCA COMETAHHC PA3N. THIIOB CRASH (eM. Kpucmaaioxumus,
Xusuueckas ca3b).

XoTst cutbl, JIEHCTBYIOILHE MEX/Y ATOMHBIMHM YdCTHIAMM
B T. T., BecbMa Pa3HOOOPA3HBI, MX MCTOMHHKOM CITYXAT 37IEK-
TPOCTATHY. NPUTHKEHHE H OTTAJKHBaHHE. OGpa3onaHue M3
aTOMOB M MOJIGKYJ yCTOHYHBbLIX T. T. ITOKA3ILIBAET, YTO CHIIBI
NPUTSXEHUS HA PACCTOSHUAX ~ 10~ % eM ypaBHOBelmBaloTes
CHAGMH OTTa/IKHBAHHA (OHH HMCIOT KBANTOBOMEXAHHY. TNPH-
poay H ObICTPO CUANAIOT ¢ PACETOAHHEM, T. K. ONpPEIENATCH
TIEPEKPLITHEM RBOJIHOBBIX (h-LIHH JJIEKTPONOB, HPHHAMIEKAIIHX
OT/. ATOMAaM). B psje C1yuaen MOXKHO PACCMATPHBAThL ATOM-
HBIE YACTHLBI KakK TBEP/IbIC IIAPHl M XAPAKTEPH3OBATHL MX
KPHCTAJUIOXHMMUYECKMMH pajinycaMu (M. Amomnstii paduyc).

3HAHME CHNI B3AUMOJIEHCTBHS [4ET BO3IMOKHOCTH BbIBECTH
¥p-BHC COeTOSHHA T. T.— 34BUCHMOCTD Y/1. 06BbEMa OT AaBlle-
HHS, TIO3BONIAIOLLYO CBAZATH SKCTIEPHMCHTAILHO H3MEpAEMble
BEHYMHbL (HATIP.. CKHMAEMOCTH) ¢ BEIHYHHAMM, ONpeacis-
WUHME CHIIBI, [CACTBYIOIHE MEXAY YACTHIAMH.

Mexaunueckue caoiicTBa ‘L. T. (peaki¥i Ha BHeEIl. MEXdHMY.
BO3ACHCTBHSA — CIKATHE, PACTAXKEHME. M3TMO, yaap H T./1.)
OMPEAETAIOTCH CHAAMH CBAIH MEX,1Y EI0 CTPYKTYPHbIMU YAe-
THUAMHM. MHOroo0pasne 314X CHII IPHBOMIMT K Pa3HOOOPA3HIO
MeXaHHH. CBONMCTB: OAHHM T[.T. TUTACTHYHBI, ApPY)HE XPYIKH.
OBbiMHO  MeTaLtbl  Q0ilee  1LIACTHYHBL, Y€M  IHIJIEKTPHKH.
Hanp., aedopmaims Cu npH KOMHATHOH TeMil-pe B MOMEHT

paspbiBa JOCTHraeT Heck. AecsaTkoB %, a NaCl paspymaertcs
HOYTH Oe3 nedopmalivk (cM. [Taacmuunocms).

MexaHHY. XApDaKTCPHCTHKM H3MEHSIOTCA € Temn-pod T:
¢ MOBBILICHHEM T HIACTHMHOCTH OOBLIMHO yBenHuHBaeTcsi, Pe-
akuua G6oabHIMHCTBA T. T. 3aBHCHT OT TCMIA BHCIL. MEXAHHY.
B03acHCTBYS: Haup., T. T., xpynKoe NPH yAape, MOXET BbLACP-
XKaTb 3HAMHT. CTATHY. HATPY3Ky (M. Mexanuveckue ceoticmsa
MATEPHASIOB).

Tpu HCOONMBIIHX CTATHY. HATpy3Kax y Beex T. 1. Habmoma-
€TCH JIMHCHHOE COOTHOUIEHHE MEXIY HANPSKCHHEM H Aedop-
Manmelt (3akon [yka). Ynpyras nedopmaius o6paTHMa — NpH
CHATHH HaHDSXEHHA OHA HcucsaeT. Ui MACaIbHOTO MOHO-
kpHcramia (6e3 achekToB) 06nacTh 0OpaTHMOH Jedopmaluk
JIoKHA 6bina Gbl HAOTIOAATECA BIJIOTH JO PA3PYLUCHHS, NPH-
4éM npenca NMPOYHOCTH JA0MkeH Gwi Gbl COOTBETCTBOBATHL
CHJIaM CBA3H MEX/Y ATOMaMH, [1poHNOCThL PEasbHOrO KpH-
CTAN1a4 HE COOTBETCTBYET CHMJIAM CBA3H MEXAY 4TOMAMH,
B 1922 A. ®. Hodbde 06BACHAI HHIKYIO [IPOYNIOCThL PCATILHBIX
KPHCTAJIOB BIIMSIHHEM M4KDOCKONHY. 1edekToB (TPEeiMH,
Haipe30B) HA HX MOBEPXHOCTH. B fanbHeHIIEM OKa3aII0Ch, YTO
1pH GO.ILIMMX MEXalH4. HArpy3Kax PeaKiMs KPHCTAIIA 3ABH-
CHT OT HAJIMYHSA H KOJI-BA B KPHCTaLIe Ne(ekTOB, B YaCTHOCTH
Qucaoxayuid. B GONBUIMHCTBC ClydaeB MMEHHO IHMCIIOKALIHH
OHpENESAIOT 1s1acTHIHOETh T. T,

Mexannu. cBoiictea T. T. MOryT GLITh HIMEHEHBI €ro 00-
paboTKOH, BHOCAIIEH WIIH yCTpamsiroieH achexkTs! (OTXHI,
JaKasika, JeTHPOBUHHE, THADOIKCTpY3Ha M T. n.). Hanp., npe-
JCST MPOYHOCTH PH PACTRKEHHH CCUHaIbHO 0DpaboTanHol
crann 300—500 krcjmm?, a O6bIYHOH CTAJIH TOTO XE XHM.
coeranpa He Gonec 40— 50 kre/mm2.

Yupyrue cBo#icTBa H3oTponHbix T. 1. (B 4aCTHOCTH, noAu-
Kpucmanog) OMHCHIBAIOTCA moayneM FOura E (oTHoweHme
IATIPAXKCEHUS K OTHOCHT. YIHHeHHIO) H k02, [lyaccona o (oT-
HOLIEHHE H3MEHEHHH 1I0NIEPEYHOTO H IPOAOIBHOTO Pa3MEPOB),
XAPAKTEPHU3YIOUHMH PEAKIHIO M4 PacTaXelnHe {CxaTHe) 06-
paijlia B BUAC OJHOPOAHOIO €TEPXKHSA (CM. Ynzpyeacmb). Ana
CTaaH M koBkoro xeicsa £=2,1-10° krcjem?. U3 yciosus
YCTOMYHBOCTH HEACHOPMHPOB. COCTOSHUA CIICAYeT, 4To £>0,
a --1<o<1/2. OlHakoO B NpHPOAE Tella C OTPHUAT. KO3,
[Tyaccosa He oBHapyxeHbl. Moyt FOHra ¥ xood. [lyaccona
OTPENETIAIOT CKOPOCTH PACNPOCTPAIICHHS MOIIEPEHIIbIX H PO~
JIOJILHBIX YNPYTHX BOMII B M3oTponmoM T. T.

Jpaxcuns aTomubix dacTy B8 T. T. pa3HooGpasHbl, H 3TO
NPOABIIAETCH B PasHOOOPa3IHH ero cBoWcTB. Baxuylo ponb
Urpaet pa3siIHyHe MaeC ATOMHBIX H4CTHL. T. K. HOHBI B THICHYH
pa3 TaAxejlee 3EKTPOHOB, CKOPOCTH [IBMXeHHS MOHOB B T. T.
MajIa 1O CPABHEHHIO CO CKOPOCTBIO 2JIEKTPOHOB. B aduadamu-
HECKOM NPUOAUNCEH UM, HCCIICAYS JBHKEHHE DIEKTPOHOB, HOHBL
MOXHO CYHTATh HETO/BMXHLIMH, 4 [IBHXECHHE HOHOB ONpCIe-
JI9Th yCPeaHEHHBIMH (110 GLICTPOMY ABHXEHHIO) XdPdKTEPHC-
THKAMH JJIEKTPOHOB.

KonebaT. xapakTep ABMXEHHA ATOMOB, MOJIEKYJl H HOHOB
T. T. COXpaHAETCA BIUIOTb /10 TeMII-phi ITaBsieHus T, Jake
npu T=T,, ep. aMIUIUTYA2 KoneOaHHA aTOMOB FHAYHTENLHO
MEHBILIE MEXATOMHbLIX PAECTOSHHI, a TTaBlIcHHE 00YCIOBIEHO
TEM, 4TO TEPMO/IMIIAMHY. TIOTEHUHAN XHAKOCTH npH T>T,,
MeHbllle TEPMOAHHAMEY. MOTeHIHaa T. T.

JIMIIAMHMY. TEOPHA KDHCTAaJUTHY. peETOK pa3paboTana
8 nay. 20 B. B 1907 A. Ditnwreiid (A. Einstein) ¢ noMolsio
MOJIENIH KPHCTATITA KK COBOKYMHOCTH KBAHTOBBIX [APMOHHY,
OCLHJIAIATOPOB OHHAKOBOM 4acTOTHI 00BAeHII HabmoaaeMoe
najeHne TEIOEMKOCTH T. T. NPH NOHHXEHHH TEMI-pBL. DTOT
(AKT HAXOAWIICA B TIPOTHBOPeYHH ¢ Jrodonza u TTmu 3akonom.
boee coBepLUCHHAA TMHAMHY, TEOPHA KPHCTAJLIHY. PELIETKH
K4K COBOKYNHOCTH KBAHTOBBIX OCLMJUIATOPOB pa3jl. 4acToT
dblta noctpoeHa I1. [ebacm (P. Debye, 1912; em. debas meo-

pus), 3arem M. bopuom (M. Borm) u T. KapmaHom
(T. Karman) (1913), a takxe 3. Ulpéannrepom (E. Sehrédin-
ger, 1914).

KBaHTOBAHHC KONEOAT. ABHUKEHAA ATOMOB, COCTABIAIOUIMX
KPHMCTAJIUIHY. PEMIETKY, TO3BOJIMAO BBECTH KBA3WYAETHLILI —
(hOHOHBI (cM. Takxke Koaebanua xpucmasauueckon peuémiu).
B aMOp{HBIX TeTaX TENIOBOE ABHXCHHC YACTHIL TAKKE HOCHT
koJieda 1. xapakTep. OAHAKO QOHOHBI YNAETCA BBECTH TOJILKO
JUIS. HMU3KOMACTOTHBIX AKYCTHY. KoJIeOaHHHM, KOrna 1ia iMHe
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BOJIHBI PACIIOJTIOKEHO MHOTO ATOMOB, KONEOTIOUIHXCS MOYTH
CHHOYIHO, H HX BIAHMHOE PACTOJIOKCHHE HE CIIHIIKOM Cy-
WECTBEHHO. Makc. 4acToThl KoneGanuit B aMOpOHBIX Tenax
MaJo OTJIHYEIOTCH OT MaKC. YaCTOT B KPHCTauiax, T. K. Onpe-
AETISIOTCH CHJIAMH  B3aHMOIEHCTRHA MeXly OnmMxaHiIHME
aToMaMH. B pesyieTaTe 3TOro, a TAKXe HANHYHA OIHXHEro
TOpAAKA B aMOP(HBIX TelaX INIOTHOCTh KonebaT. cocToAHH#
B HHX OJIH3KA K HJIOTHOCTH KONEOUT. COCTOSMHIA KPHCTAILIOB,

JiMuaMuy., TEOpHs KPUCTAIUTHY. PElIETKH MO3BOIKNA 00BsC-
HHTb YNpyrue cBOHCTBa T. T., CBS3aB 3HAMENHA CTATHY. MOIY-
JIEdl YIPYTOCTH C CHJIOBBIMH KOHCTAHTaMH. TerjioBLIe CBOHCT-
Ba-— TEMMEPATYPILIA XOX TelNoéMKocTH (cM. [Jebas 3axow
men.oémrocmu, [Jebas memnepamypa), k03¢, TENIOBOIO pac-
LIMPEHHA H TEIIONPOBOIHOCTL — KakK CBOHCTBA rasa ponomnos
(B MaCTNOCTH, TEMIICPATYpPILIH X0 TENIOEMKOCTH) OOBACHS-
FOTCH KaK PE3YJIbTaT H3MEHEHHA ¢ TEMI-poli yHena GoHoHOB
H AMEBL HX cBoGoanoro mpotera. OnTHY. CBOHCTBA, NAIp.
nornouienne poronos MK-u3nyueHus, oOBACHAIOTCA pe3o-
HMAHCHBIM BO30YXICHHEM ONTHY. BETBH KOJNeGaHWH KpHCTan-
JIHY. PEWETKH — POX/ICHUCM ONTHY. (OKOHOB (CM. Takxe Ju-
HAMUKQ KPUCTRAAAURECKON PewsémKn).

T. 1. pasznuyatoTcs Temn-pamu [ebas 9, oraensomamu
obnacTh BHICOKHX Temn-p (7>3y), rae xonebaT. aBHxeHHe
4TOMOB (pOHOHBI) MOXKHO ONMCHIBATE, HE BRIXO/S 32 NMPCAETIBI
KJTACCHY. ¢u3m(n, OT kBauToROH obnacth. ITpu T> 3, uncio
(HOHOHOB JIMHEHHO PACTET C TEMII-POM, a NpH T<3; (B xkBan-
TOBO# o6macTh)—cTpemutes x 0 kax 7° npu 70 K. Tlpu
T=0K B T. T. BoBCC Her (omouos. IIpH T>39, Gomemas
YaCTh TCIJIOBOH JHeprau T. T. CCThb 3HEPrus ra’a (POHOHOB.
Kax npasuno, 9, < T, (Mck/1r0uenue cocTapnsioT TBEpAbIA He
M Jp. 34 TBCPACBILHE HHCPTHBIE I'd3kI).

B npouecce xoebaHHA KHHETHY. JHEPTHA YACTHILI B PC3YJTb-
TaTe PIyKTyalii MOXET IPEBLICHTE IMyOHHY TIOTEHIHATBHOR
AMBI, B K-poii OHa JBHXeTCH. DTO O3HAYAET, 4TO HACTHIA
crocobHa «OTOPBATLCA» OT CBOErO IONOXKCHHS PUBHOBECHS.
OO6BIMHO BEPOATHOCTL W TaKOTO NpOliecca NMpH KOMHATHOH
TEMII-pe Masia:

iy

3necy Wo=10'2—10'* ¢~ ! —yacToTa Konebanni aToma B no-
TEHIIHaTIbHOH AMe; & MOPANKA 3HEPTHH CBA3H, PACCUHTAIIHOH
Ta OAHY YacCTHIY (¢3~an,,) Tloaromy Bce mpoueccel B T. T.,
COMPOBOXAANLIHMECS NEPEHOCOM BelllecTBa (Aucdy3us €06-
CTBCHHBIX H YyXKEPOMHBIX ATOMOB), HAYT CPAaBHHTENLHO Me/-
sicHHO. Tonbko BOmH3u T, CKOPOCTH ITHX NMPOLIECCOB BENHKA.
Koad. muddysuu, mponopiu. W, CylIeCTBENIIO 3ABHCHT OT
COCTOSIHHA KpHCTammny. pewérkd. Flnactiu. pedopmanus
OBBIMHO «Pa3phIXJIACT? KPHCTAJUI, CITHXACT JNICPIrHIO CBA3H,
noTeml. 6apbCpbl, Pa3ACIISIOLIME PABHOBECHBIE TONOXKEHHS,
H TIO3TOMY YBCJIHYHBAET BCPOATHOCTh «NEPECKOKOB» 4TOMOB,
YBEJIHYHBAET xoad. muddysun D.

B TBep}lOM He Bo3moxio TYHINIEJIBHOE «IPOCAYHBAHUC»
aTOMOB H3 ORHOTO TOJIOXEHHs PaBHOBECHS B Apyroe. JTa
x6aHmosas Ougy3us NPHBOAKT K TOMY, 4TO K030, auddy3un
D#0npu T=0 K. [iciokajn3auus aToMOB, CBI3aHHAS C TyH-
HENbHBLIMH NIEPEXOAAMH, NIPEBPAILAET MPHMECHBIE ATOMBI H Ba-
KAaHCHH B CBocOOpa3HEIe KBA3HYACTHIILL (1pUMECOHbI, GAKAHCUO-
#bt). OMH OTIPEACNSIOT CBOHCTBA KBAHTOBBIX KPHCTAILIOB,

Onextponst B T. 1. Conuxenue atomos B T. T. Ha paccTos-
HHfA MOPAZKA pa3MepoOB CAMHX aTOMOB NPHBOJHMT K TOMY, YTO
BAJICHTHRIC 3JICKTPOHBI TEPAKT CBA3b € ONpeAcs. aTOMaMH
M ABMXYTCA 10 BeeMy T. T. JIHCKDETHBIC ATOMHEIE YPOBHH
3HEPrHH PACUIAPHIOTCH B MOJIOCH! (IHEPreTHY. 30Hbl), MPHYEM
301B! PA3PEIUCHIILIX 3TEPTHHE MOTYT OLITh OTAENEHBI APYr OT
ApYyra 30HaMM 34NpelIENbIX 3ICPTHi, 110 MOTYT H NCPCKPhI-
BaThCA. MHAMBHAYANBHOCTh 30H COXPAHAETCH H NP UX Tepe-
KPLITHH: €OCTOSIHHSA 3JICKTPOIIOB C OAHON M TOH XC 3HEPTHCH,
HO TPHHAJICKALITHE PA3HBIM 30HaM, pasiaHudbl. DiyGuHHbIE
ATOMHBIE YPOBIIH PACIIHPAKITCA COBEPIICHHO HE3HAYHUTEIBHO,
H COCTOAHHE l'!‘lyGHHleIX JJICKTPOHOB B aTOMaXx T. T. Taxoc KE,
KaK B CBOGOIHOM aToMe.

B xprcrannax cOCTOSHHE IEKTPOHA B 30HE Omarogaps
HEPHOHYHOCTH ACHCTBYIOLIHX HA HETO CHIT ONIPEACASTCA KBa-
3HHMITYJTLCOM p, A JTI€PTHA INIEKTPOHA B 301I€ £,— HEPHOAHUY.

W=W, exp(—&/kT).

¢-uns KBa3HHMNYyJsIbCa:
&(p)= 2

rae s—rmnomep 30mbl (CM. bitoxoesckue saexmponbt, 30oHHAR
meopus). COOTHOUICHHE (2) HA3. 3aKOHOM JIHCIICPCHH.

B amMoOpdHBIX Tenax KBA3HMMIIYJIEC BBECTH Heib3s. CTporo
3anpelIEHHbIX 30H JHEPTHH B aMOPGHBIX Telax HET, OJHAKO
€CTh KBAa3W3aNPEUIEHTIBIE OONACTH, TAE INIOTHOCTh COCTOAHMH
MEHBLIE, Ye€M B PajpelIEHHbIX 30HAX. J|BHXEHHE 3JEKTPOHA
C aMepraei U3 KBa3u3anpelEnuon obIacTH TOKAIH30BaHO, H3
paspeinéHuoil  30HBI — [EJIOKATH30BaHO (cM. Heynopadouen-
Hble cucmembl).

B cooTpeTcTBUH ¢ flayau npunyunom B KakKIAOM IHEPreTHY.
COCTOSHHH MOXET HAXOJHTLCA He Gonee JBYX 3/1eKTpoToB (¢
pa3IbIMH NPOCKUHAMH crHna). FloaToMy B kaXI0H 3HEPreTHY.
30HE KPHCTaJlJla MOXET IIOMECTHTBCH He Oonee 2N anexTpo-
HOB, IJle N—4HCIO YpORHEH B 30HE, PABHOE YHCITY 3/ICMEH-
TapHbIx sveck kpucTasia. Fpu T=0 K Bce 2JICKTPOHBI 3dHH-
MaKT naub. NH3KHE JHepreTHY. cocTosHuA. CyllecTBOBaHHe
T. T. ¢ pa3n. 2eKTPHY. CBOHCTBAMH CBS3aHO C XapaKTepoM
JaMONHEHUs 3NEKTPOHAMH 3HEpreTHY. 3oH npu T=0 K. Ecny
BCE 30HBI JIHOO TOJIHOCTBIO 3AMOJHEHEl EKTPOHAMH, JHGO
TyCTBI, TO TakWe T.T. HC NPOBOAAT 3JICKTPHY. TOK, T. €.
ABNANOTCH dudaekmpukamy (H30JATOpaMH). T. T., HMEIOLIHC
30HBI, YACTHYHO 34MONHCHHBIE 3IEKTPOHAMH,— IPOBOIHHKH
JEKTPUY. TOKA — MCTAJLIBI (npono):muxn) Hoﬂynpoeoduuxu
OTJIMYAIOTCA OT AHEKT PHKOB MaJIoi WHPHAOH 3anpeénnoit
30HBI &, MEXJIy NOCNEAHeH 3aNI0THEHHOM (BAaIEHTHON) 30HOH
M nepBoii cBoboaHOH (30HOH npoBoAUMOCTH). T. T. ¢ aHOMa-
JIBHO MaJibiM TIEPEKPLITHEM BAJICITHOR 30ILI H 30HLI TIPOBO-
JAMMOCTH Ha3. noaymemanaamu. CyWecTBYIOT becujeeable no-
AYNPOGOOHUKY, J0HA TIPOBOJHMOCTH K-pbIX NPHMBIKAET K Ba-
JIeNTIOH 30HE.

Hannuue nedexToB M npumecell B KpPHCTasie NPHBOAHT
K BO3HHKIIOBEHHIO JOTOJIIMT. TPHMECTILIX 3HEPrCTHY. YPOB-
TICH, PacIIONIararoNIMXCs B 3ANPCIICHHOH 30He. Y nonynposoa-
HHKOB 3TH YPOBHH 4acTO pacroNoKeHEl o4ellb 61H3K0 THGO oT
BAJICHTIION 30HBI, THGO OT 30HBI NPOBOJHMOCTH.

"DHEPTHA, OTALJIAIOLIAN 3aHATHIE COCTOSHHA OT CBOOOAHDBIX
(T. H. epmu-otep2us), y METAIIOB DACUIONIOKEHA B PA3PCIIEH-
HOJ 30HE; €ff COOTBETCTBYET H30IHEPIETHY. MOBEPXHOCTD, Ha-
3nlBaeMasn depmu-nosepxnocmero. OHa BhIEnseT obnacTb 3a-
HATBIX 3JEKTPOHIIBIX COCTOSAIMA B TPOCTPAHCTBE KBA3HHM-
MyIbCOB. Y MONYNPOBOAHHKOB (pepMH-2Heprus &y (3HaveHHe
XHM. MIOTeHLHANA aekTponos npd T=0 K) pacnonoxena B 3a-
NPCUICHHON 30HE M HOCHT HECKOJIBKO OPMAbHBIH XapakTep
(cM. Xusmuueckuii nomenyuai). Y Oecuienepblx NOJYNPOBOA-
HHMKOB OHd COBIAJAET C IPAHHIECH, OTACNAIOLICH BANEHTHYIO
30HY OT 30HBI MPOBOTHMOCTH.

DHepreTut. 30Ha, B K-POH HE 3aHATHI COCTOAHHSA € 3MEPrU-
AMH, ONH3KHMH K MAaKCHMANBLHOMH, IpOsBNseT cebs kak 30Ha,
COACPXALIas TIONOKHTENBHO 3aPAXK. YACTHLBI— Obipki. Bo3-
OyXACHHE MMEKTPOTIA B 30HY NPOBOLAHMOCTH COINPOBOXAACTCH
obpaszoBanueM CBOGOAHOTO MECTa — ALIPKH B BAJICHTHOH 30-
He. DNEKTPOHBI YACTHYHO 3aNOTHEHHbIX 30H (JJEKTPOHBI MPO-
BOAHMMOCTH) H JBIPKH ABJIAIOTCA HOCHTENAMH 3apsaa B

DnexTponnas cucreMa T. T. nopoxzacT i bonee clnoxHble
o6pajopaHHs: B TIOJYNPOBOJHHKAX — IKcumonsi Banbe—
MoTTa 1 Dpenkens U NONAPONL; B CBEPXIPOBOMALIAX METAT-
Jlax — KynepoBckHe napsbt (cM. Kynepa sgpgexm). Kpome Toro,
IO NEKTPOHHOM cHcTeMe T. T. MOTYT PaclpoCTPaNaTLCS BOJ-
HBI MIA3MCHHBIX KOJICOAHMI; MM COOTBCTCTBYIOT KBA3HYACTH-
1Bl — naazsonst (CM. ITaasma meépovix mei).

Daexrponnsie ceoiicTsa T. T. KpHCTaIUILI, HMEIOLIHE TOJIBKO
3AMONHEHHBIE H MYCThIE MEKTPOHHLIE SHEPIETHY. 30HBI, BEAYT
cehf B ANEKTPHY. TIOIe KaK JHINEKTPHKH (W3onaTopsr). TMep-
BbIH BO3OYXAEHHBIH YPOBEHb HAXOAHTCA HA KOHEYMHOM pac-
CTOAHHH OT OCHOBHOTO, NPHYEM ITHPHHA 3aTIPEIENHON 30HB
&, Bemuxa. JIClOKanu3alMs IMEKTPOHOB B Takwx T. T. ue
HMIPACT PONH, JHINEKTPHKH MOXKHO CYHTaTh COCTOALIHMH H3
Pa3fCNéHHBIX B NPOCTPAICTBC 4TOMOB, MOJICKY/l HJIM HOHOB.
BrusH#C 3MCKTPHY. TIONA CBOAHTCA K CABHTY 3APSUI0B H NpPH-
BOAHT K HONSPH3aUHH AHAIEKTPHKOB (NOAPOOIO CM. B CT.
Husaexmpuxu, JusAexmpuueckan npoHuyaemocms).

& (p+2mb),



B MCT2A74X NIPH HIFKAX TCMI-PAN IACKTPORLL HPOEOAIN -
CTH HC TOALKO HPOBOIST TOK. 1O 1T HIPRIOT BUKINVIO oL
B TCILI0BLIX CBOHCTBAX. JIMHCHHAN 3ABUCHMOCTL 1CILTOCMKO-
CTH H KO, TENIOBOTO PACHIPCHHA MCTILLTL (1 TeMI-PLLHP)
T-0 K ofbscHACTCS TCM. NTO VICKTPOHbL HOMIIICHIIINCCH
Pepstt— Jupaxa cmamuenuke. CHIBIO BBIPOKCHEL. BLIPO®-
TIEHUE COXPAHSCTCS TPAKTHYCCKH 1IPH BLCX TCMIM-PAN. T, K
TEMI-pa BRIPOAJICHUS T =40k s xoponmx veriLrion
~10%* K. [T03TOMY 0IPH BBICOKHX TCMII-PUX TCILTOEMKOCHL Me-
TAIROB HCOTARYHMA O1 TCILIOEMKOCTIS AHICK TPHKOB

BAaroaaps BRIPOAKJICHHUIO IICKIPONOD B MCTATTaN B 1po-
HCCCAX HCPEHOCA (DNCKTPOUIPOBOIOCTL, TCILTONPOBOINOCT L)
YHACTBYIOT TOILKO WICKTPONLL. NICPIHS K-PhiX & X p 1 ¢
31EKTPOHLL. PACTIONOKCIHBIC BOTHIHM MOBCPXITOCTIC (hepa,

Tak, yA. ¥IEKTPOTIPOHONHOCTL MO T MOKIO JalHCATE
B AUJIE

(S .
“an g S
rag $—mron@sts nosepxuoctn WepMu, {—Cp. L CBoboit-
HOTO TpoOCcra  2JACKTPOHOB. ICMUCPATYPHBIC  H1BHCHMOCTH
T W yil. COTPOTHBICHHA p= |/ OMPCICIAKOTCA [CNMICPA Y-
HOH 3aBHCHMOCTBIO [UIHHBL CBODOHO10  npobaa /o Lpn
T>> 8y Il MCXAHH3IM PACCCHUA — PUCCCHHUC 210K L POHOB 1l
GoHOHAX, IPH 7'<<$7 BAKHYIO DOIb HIPACT DUCCOIHHC 1
JedieKTax Kpuc 1. B GACTHOC TR 1L HOBCPAIOC T 00D

BU,lblﬂaﬂ HACTh TCHTOTHl B MCILULIAX TICPCHOCH FUSH LICK TPH0-
HaMW TIPOBOAHMOCTH. B ILHPOKOM /iMaliasone tesMu-p eyinect-
BYET COOTHOUICHHE MEWJ1Y DJIEKTPOUPOBOIOCTHH 1 XICK-
TPOHHOH TCILIOTPOBOAHOCTLIO (Brdestuiia — Dpanyu saron)

TepMODAEKTPHY. ABICHHS (meptade, Heanmoe  dfihenni
Kﬂp.) TAKKC ABIAIOTCH CNC/ICEBHEM ¥UACTHS LICK TPOIIOD B 1Ie-
peroce TeHNda. Murtl. T10IC WIMCHSCT DICKTPOHPORGHOCT
4 TEMNOHPOBOMHOCTL M CAYKHT UPHYMHON S tbndo v -
HBIX SBACHIHUE W INCPMOS A bSO TN 96 derin fos Yo
siexnt, Hepnema — Impumecxavieid d3dexnt W p.)

Koz, oTpaxCHHES 2UL-MATH. BOIH MCIULIOM 000k kL.
T. K. 3J1.-MUTIL. BOTHE € 1o ’hlp)( CRt- J{/N/I( KON HPaR TaecKn
HE HPOHHKAIOT B Meta/ln IJI\OIHIJ & HPOHUKTIOBCHILE  1TDH

HH3KHX 9ACTOTAX PaBta ¢\ 2nao (o - qactora o/, B ore

THY, THATAIONC & =iy ~ (077 ea1 (o, —msinveniag dacrot
YIEKTPOHOR: CM  Mema rioonmura).
TMonepxHOCTH  MepMH, KUK HPABILIO,  HXMCIOT  CHOKITYHO

dopmy. Paznoodpasde Gopaul noscpsiocreit opait y pati,
METANNOB OBBIMHO BLIABIACTCA B HX HOBCACHIHN B IOCTUTONI0
CHMBHOM MU, TTONC

B noaynpomommxax npu T>0 K qactn oaekt poron 3
BaNCHTHON 30HLI W HPHMCCHDLIX \’n(\']ll(‘ll ePpexo i R IN‘}(\\ B
JIEHHOE COCTOAITNC — NOABIALOTCA VICKTPOILLL B 3000 1IPABO-
JMMOCTH M IBIPKH B BTenTHol souc. Brarotaps sTovy npi
KOMHATHON TEMH-PC  HOAYHPOBOHHIK ol LUeT  3aNe ol
IICKTPOUPOBOAHOCTEI0. (OCIL TAPAMETPOM.  OTPCIC IO
HHCIO WIEKTPOHOB M IBIPOK B (O IYHIPOROUINKC 1PN TCILIORON
BO30Y MK ICHHM, KHT THAPING JAnPCHEIon 201 vane.
PACCTOSITHC MEXK, 1\' BAICHTTIOH Y0101 11 30000t TpoRoIINIOC T

Boabyx1eHHE NOTYIPOBOAHIIKA MOKCT BRI T BLIIBAIO OCne-
TIEHHCM, DACKTPOHbE, TOIIIONILH (POTONBL CPEXOIMT 5 301y
HPOBOIUMOCTH H I8 BIUICHTHOH 3011¢ 06pasyiores pipiis Ocie
GEHHOCTL MONYNPOBOIHHKOB B TOM. 110 HX CBOHCTIL .11 KO
WIMEMAKOTCR NMPH  CPABITHTCILIO CAA0LIX  BUCHINIY  BOBiICH-
CTBHAX (H3MEHCHHE TEMT-PhI. TARACHHI. OCBAIICHAC, DBCCHIC
TpHMCcei M T. 1), Hia 2TOM OCHOBAILT MIOTOYHCT. TIPIMEL-
HHst (eM. TTovnposoonurossie npuiopn).

DNEKTPONPOBONOCTR  MOTYHPOROUTKOR
YHCIOM  HOCHTCACH 1 M NOABIBKHOCTLIO |
H AbIPOK:

o

QIpe I s
AICK I polon

o=y nel
S

DXCHOHCHTIMANEHAR JUBHCUMOCTL O OT TEMI=PI = - 1 TS TRIIC
IKEHOMEHITHATLHOR 3aBuCHMOocTH o1 7' nucia noenreci o
B mex-peix noaynpomodHukax (Hanp.. n To). NCTMPOBUHHBIX
GompinuM HHCATOM BPAMCCCH. TIPH HATKNX TCMIT- X CTVIe s

BEIPOKCITHE 1A% HOCHTCICH, 110 COMKICT HX ¢ MCTATITAMU
CCHABHOAC S HPOGQHITOIC 1O (Y HPOSONTIRTL).

TACKTPOMHBIC CBOHCTEY AMODPMHBIX TC:1 3ABUCAT O1 TOro,
B Kakoit 00011 (PU3PCIICHBON W KBA3U3AUPANEHHOR) pac-
noso&et yposenn, Pepmu. CyiecTBOBANNE B aMOPDHBIX Te-
JAX QIIOr 30HHOR CIPYRTYPEl OBBACHICT HX ACTCHUC HA
avtopfinibie vemaint (ML Taoke. Memaaanteckue  omékaa),
UNICKTPHEH | noayuposojumxn. Hawd, neraimio niyyens
ANOPPIBIC TOIVIPOBOHAKK (HATIP.. XQ1BKOTCHHHLIC CTEK-
l;l) (‘)IllCL,'IIH\H‘.IHMC KR3HTAUPCHICHEITON  30HLT (\GH‘JPY)I(M'
BACTCH OUTHY. MCCHISIODAHHA M. K=PLIC HOJTEBCPHRAAIOT «34-
HOIUCHHES  3anpCIGHEOR 10161 KRI3HAOKAILHBIMHA  YPOBHS-
Mt (xpocrn taornoctn cocrosnunid). Crictptbud.  ocobe-
HOCTL aMOPGIBIX 0¥ IPOBOIHUKOB — NPuIdckoads npoaodu-
\10(7}”77(?61))(&!”((,] XAPAKTCPHYIO HIBHCHMOCTD  110JIBHK-

noeTH HoctreAei o1 reMi-pels piexp | —(7o/7)"*] (3akou
Morra, T(,\I(b‘ 10Ky » YCAOBUAX, KOT/Id BEPOATHOCTH
TCILIOBOTO. BOIGYAICHEST ML {TIPIL IHIKOH Temi-pe), DIiek-
IPOI «BBIDHPACT? ¢ MECTO s «IPbIKK», TAK 4TOOBI

JOCTHIATICH MAKCHMYM BUDOSATIOCTH HICPEXO/I HY OJIHOTO CO-
CTOSHUS B /IPY10C

Y OMIL MCTLIGB IPH OXU@K CHHH HHAKC HCK-POR TEMU-PbI
T nabamonaeTey MOMA MOTePs L ICKTPOCOIPOTHBICHHA —
MC L HCPCXO/HT 1 CBePXIpoBoIsinRe coctosune, AnicHie

CEEPANPORHAUM T OBBICHACTCR TIPHTIHKCHHCM MCATY 2TeK-
rpomaMi. obycoBieinbiM 00MenoM oHouamH. Tipu yTom
OOPUIMIOFCH LICKTDOIIIBIC (KYICPONCKHE) NAPbL, HOIHUKAET
CROILICHCTY.  CHOCODNBIH JIBUTATLCS B¢ CONPOTHBIEHNUS.
Me1OHUHBOC b CBEPXUPOBOASIICTO COCTOANNS 00CCTICHCHA Ha-
THUMCM IHCPUHH CHSSH KICKTPOHOB B ape, Haro/1aps 4eMy
BOIEL NS M OJICMCTITPIGIX BOSOYKACHHH OT/IC/ICHA FHepre-
THY. ST O JHEPIHE OCH. COCTOANHA (M. Ceepxaposod-
UK

Marnrasie caoiicTra. [Tpr st

(OCTATOYHO BLICOKUX TCMII-pax

nee Tor mbo jutiMat i rasl, Sbo 1paMarHiTHen. B nepsom
CYHAC BEKTOP  Hamarsuuenoctd M=xH, wanpas:icnasii
npoTHR Marn. 0ol H— pewyantat obeR 1IPCIeccHH Beex

vickrponon P oo vann neae (e Supvopa npeyeccun.
St viaonenn ). IACKTPOULE IPOBOTAMOCTH Gnarojaps KBaH-
TOBIHATO HX L IBHACHITE 12 HTOCKOCTH, |lCPI]L’Il,’lMK).IﬂpHOﬁ H‘
FAKKC BHOCST HETLT B HMINEM ¥ MCTALIIOB OH TOIO e
HOPAKL, UTO AQANGS SOCHPUUMYUGHCHTE HOHITOTO 0CTOBA
(et Handay O vacnemisa). Tlaparan neTwiv — C1eIcTBHe
OPHCHTAIMH MATH. MOMCUTOR ATOMOB H MICKTPOHOB IPOBOTH-
MocTit B osMari noae. TIpy BLICOKMX  TCMTI-paX  HaPaMarH.
BOCHPHIIBOCTE ¥ObiBaCT 06paTHo uponopit. remi-pe (Kio-
pir sakon). TTCTICPEXOITBIC MCTATITB] COCTURAAIOT HEKTHMCHHE.
Hx HAPIMLTHL BOCHIPHAMTHBOCTL dHOMAIBHO MUl H tll'dGU
SABUCHT OT TCMI-PREL Y10 CREANO ¢ BHPOKICHACM ATEKTPOH-
noro tase (oM. Havan supastaenemiriat). Hannane Marn. mo-
MEMITOB N ATOMOR. HOHOB U MUTCKTPOHOR MPOROJAMMOCTH H CBS-
UHINOC ¢ YTHM PACNICILICTING VICKTPONRRBIX yponllci DHEPrdd
1CMATH, none (3ecvaia adifhexnt) MPUBOANT K 946K MPONNoMy
napartaenuntoay petonaier (IT1P). CTpyk1ypa Mari. ypos-
HE OUCHB MYHCTBITICALHL K TOMY. B KUKOM OKDYKCHUH HAXO-
carest wactuna Tlosvoaty DIP — BwskHCHINMIT NCTOUHHK ¥ H-
(OPMATII O PACTIOIGKCHIER ATOMOR B XICMENTAPHOR MeHKe
KPHCTATLIRL, XILereckoll cq.931. Tehertax s 1. .

TTpIn HOMMKCHHN TEMI-PBI MEQIHC N PAMATHCTUKA TIPH HEK-
poil kpurua. remi-pe 7 uepexoast 6o s deppo- (Touka
Kwpu). :mb0 B anThdeppoMar . {Touka leens) coctosanus,
I8 K-PEIX XAPAKTCPHL YHOPAAOUCTIAS OPHCOTANHAS  MAre,
MOMCHTOB ATOMOB B OTCYICTRHC HHCINHCI O 1oz, Xapaxrep
VHODSLICTCHHS SABHCITT O CHOL JICHCTBYIONTHX MCRGTY Marm.
MOMCHTAME aTOMOB. HEenepe soimbie METRCLIb., KaK 1IPABKIIO,
QCTAIOTCH HAPAMArirMeIME pnoth 1o T—=0 K. Marauro-
vaopsitoneHHbte Toor ipu 7« 7 ofzaajmon encnndny. KRasH-
STCTHIGNMIL— MATHOTNAMHE —— ICMENTd PUBLIMH OCHTENAMK
warr. Geenopsiwa (em. Carnnebie goanen). lTemuepatypnas 3a-
BHCHIMOCTE THCT MATHOUOB OB bACHACT TCMICPATYPHYIO 3dBU-
CHMOCTL TG HHUCHHOCT I (l)Cpr’()Mill’llL"l"Kﬂ noap. CBOMCTBA
MALTICTHROB

[QFRIER VHOPSOTHBAUCNTHC Ml . MOMCHTLL, HMCHIT KRAH-
1OBOC IPOHCXOKICHHE, XOTR OBYCIOBIEHR MEKTPOCTATHY,
WIAMNOACHCTBHEM  MCKY  OACKTPOINT  (em. Macnennsat,

TBEP/IOE
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Deppostariemusar, Odsennoe 83a-
UMOACHCMEUC )

Ponk aromunix siep B cBoderax T, 7. He orpaHuduBaCTCs
TEM. 4TO B HHX COCPE/IOTOMCHA OCH. Maccd Tella. KBaHroBoe
3AMOPAXHBAHNE» DOBIIMHCTRA ABIRCHUA B T v iipy T—0 K
J4CT BO3MOXHOCTb BBIIBUTH BKJIAM AJCPBBIX MAIH. YPOB-
Heilt, eClTH AIpa ofaNAIT Mark. MoMedTamit. [lpy socTaTon-
HO HH3KOH TEMO-PC WX BKJIAJT B MAPAMATH. BOCTIPHHMUYHBOCTE
CVAHOBHTCS  OIMYTHMBIM  (cM.  HOepnsd  napusassemuist).
SlaepHbie Marfl. YPOBHH NMPOSIBIHIOTCA B PEIOHAHCHOM TIOT .10~
LUEHIU M- Marn. onepray [eM. Hdeprntit sacnuminsiin pesonanc
OMAH K3 PACTIPOCT PAHCHHBIX METOOR Wiyue-
. TAK KAK CTPYKTYPA A/ICPHBIX Mil'H. YPOBHEH CYILCCT-
BEHHO "JABMCHT OT CBOHCTB H)IEPIIOT0 OKPYKEHHS, B YaCTHOCTH
OT HICKIPOHIOA 080JI0UKH aTOMa. MH. A/(€PHBIE TIPOIECCH
B T. 7. npuoBpeTatoT CHCUH(pHY. HepThl, MO3BOUAIOUMC He-
OB3OBATHL MX 118 HIYUEHHA CBOHCTB T. T., HATIP.. W3VHCHHC
MCKTPOHUO-HOINTPOHHON AHHHI HIISTIHH TIO3BOIAET HCCIE0-
BATb CBOHCTBA 21cKTPOHHOH cucTeMbl T. 1.0 pe3oHaHCHOC TIo-
[AOINEHHE Y-KBAITOB SIPaMH T. T.— NIOKATIBHBIE 6/ NPUKDI-
cmaaauneckue noad (e, Méccbayspa shgfierm, Méccoarspos-
CKAH CHEKMPOCKONHA )

BiaumMogeHcTBBe ObICTPBIX 3apwkenHbix dactun ¢ T. T. Yno-
PS/IOYEHHOE  PACIIOTIOKCHHE ATOMOB HAKIIA/IBIBACT CYHICCTB,
OTNEYATOK Ha TCPC/AAYY JHEPITHH OT GBICTPOH WACTHIIL aTO-
maM T. 1. Hanp., Habatonaerca pe3kast 3aBHCHMOCTD JUTHHEL
11po6era GLICTPON HUCTHIBI 0T HATIPABJICHHR OTHOCHTEABHO
KpHeTamiorpagm. occh (eMm.  Kunaauposanue  supswceninix
wucniuy. Teneit sgpesm). C npyroit ctopodbl, obayycsdue T. T.
OBICTPBIMM YACTHIIMH H (POTOHAMH H3IMeHseT cpoficrsa T. T,
{eM. Paduaipuornsie dediexmor).

Ponb nosepxuocr. Kaxcjioe T. T. 061,14€T NOBEPXHOCTHIO,
K-pOH cONpHKacdeTes ¢ okpykaoiueit cpeitoil. TlosepxiocTh
T. 1. Mrpact onpejciIAkoyo PoJib B TAKHX SBJICHHAX. KaK
KdTAIH3, KOPPO3USL. POCT KPHCTLLIOB (M. Kpucinaiausayns)
11, M. OGBIYHO MUKPOCTPYKTYPA {IOBCPXHOCTY KPARHE Hepe-
[YTAPHA, M el UCCIICAOBAHNC HATWIKMBUCTCA Ha BonbuiMe
TPYAHOCTH.

TpujtMUHOHHO  HOGCPXHOCIS BOCTIPHEUMAIACE TONBKO KdK
ipattiia T 1. SKCHUCPHMCHTATOPH HBITAANCH ¢ MTOMONILIO
0GPaBOTKH (TPABICHHA, OMHCTKOHR LIy4kOoM HOHOB U AP, METO-
MEAMH) JOBUTECH 1010, TOOLI CBOHCTBA UPARMILL HE MEIATH
wiydennto o0bEMubx caolicrs T. 1. B nochesnee BpeMs Tpa-
HHLa T, T. OPeBPaTHIACH §s cnetHpHUccknil 0BBEKT HCCICT0-
Banna. O61TapYKCeHb U HCCICAYR TCS TIOBCPXHOCTHBIC BO30YXK-
JeHns  (KBa3HMACTHIBL, JIOKATH30BaMNLe BONWIN  [IOBEpx-
MOCTH), H3YHalolCs  MOBCPXHOCTIBIC (Da3OBBIC  HCPEXObIL,
CRAZAHMBIC ¢ WIMCHCHUEM or panikk T. T., a TaKke ¢ ynopsijio-
YEHHEM dTOMOB, aACOPBUPOBAHNILIX HA NOBCPXMOCTH (CM. Ad-
copyud, Hosepxuocmime cocmosius).

Tenenuun pasearhs ¢usuku T. 1. Parsutne dusuxn T. T. ne
VPCKPANKICTCS, HTO HC IPOTHBOPECUHT YTHCPR/CHHIO 0 CBOCOD-
PAIHOH KOHCepBRATUBHOCTY 1ol ofaactu. {lpenctasicuus,
chopmyTHPOBaHHLIE 10 60-x rr. 20 B.. He OTINLIH NPy NOCIe-
siytonteM painurun dusukn T, T. TTo-upexHeMy ocHOBOH 110-
HUMAEHA IMHaMUY. CBOHCTB T. T. CYXaT KBA3HYACTHLBL. pi3-
NCARKOMMECH HA (ieptuioiisl U G030UbL; 1S NOWAMAINS PCIKUX
3mMenenui coieTe .« BBIABAHHLIX BHCIL. BOYIEACTBUAMY,
HEOBXOHMO npmuu(znb TCOPHIO Pus0661X NEPeXudos N KPII-
THY. SBICTHI; OCH. MCXQBH3MOM T1ICPEMCLUCHHS dTOMIIBIX Ml
iy 8 T canraeTes Aupdysna. He u3McHHmach, M cHe-
TCMATHKD 1. 7., B TO BPCMS KaAK M3MEICHHA CHCTCMATHKH —
0MR W3 Haub. OORCKTHUBHLIX MOKAZATCICH CMCibI ()YH/IAM.
HPEACTABIICHHI.

OIIAKO 3AMETHEI CYUIECTB. WIMCUCHRA: |) PACUINDHICH HIl-
CTPYMCHTADHH, UCHOIBIYEMDI LT HCCIIC/I0BAHUS ono-
ABKIHCH CBEPXUYBCTBHTCIBIBIC OIUTHY, M painodus. mpubopsI,
B YACTHOCTH MCNONL3YHOIUME KOTUPCHTHLIC HCTOYIHKH )l.-
MATH. HIAYUCHHA (133Dl H MAIEPBI); BHCAPEH B IKCUICPUM.
NPAKTHRY CKQHUPYIGUIE THVINC ABIRE ATUKPOCKON, PA3PEIICHHE
K-pOTO  MO3BOSIACT (PHKCHPOBATE MOTOKCIHC  OT/1€AbHBIX
ATOMOB M MOJEKY.IL COLLIHB HCKYCCTB. KPHCTALLIBL {CM.
Caepxpewéinka ) ¢ 34TAHHBIMK CBOACTBaMH; O0HapyRCHbl HO-
nbie MOAMMUKALMN yiacpoaa (M. Dyaacpensr), DBM ne-
MOAB3YEOTCH BC 10LKO SIS PaciCTOB XUPAKTEPHCTHK T. T. Ma

Aumudiepposiaenenesat,

OCHOBE AACKBATHBIX MOICCH,
OKCHEPHM, METOAOB.

2) Passprie Tcopuy M BBIYHCIAT. BO3MOXHOCTEH NPHBENIO
4Io jamy 3uaiug o T.T. CTaaM KOJHYECTBEHNO
HIIBIMH. Pu3MYHC B NOBEACHHH pasnbix T. T. oaHO#H
NPUPOILBL, KAK MPABHIO, MOXKCT BbITh OOBSCHEHO HA OCHOBE
IHAHKA WX COCTUBA. FEOM. CTPYKTYDbI, THIIA OCH, COCTORHMA
M 3UKOHOB TMCIIEPCHU KBAZHYACTHI, OCYHIECTBIISIONIMX AHHA-
MHKY 2TOMHBIX tactiit B T. 1. Teopus $a30BeIx mepexoaos
2-T0 POAA B KOHJICHCMPOB. CPC/TAX TTO3BOJIAET BBIYHCIIHTL KPH-
THY. HHACKCHI. XAPAKTCPH3YIOHINE dHOMANNH (M3, BCIHYHH
B KPUBIMUCCR O MOURe.

3) TpyHMOCTH. BO3NHKAIOLIHE fIDH TOMBLITKAX KBAHTOBOrO
OTLHCAHNS CHCTEMDE HEYTIOPA/I0Y9EHHBIX ATOMHBIX YACTHL, MPH-
BETH K TICPCHECEHHIO WHTEPCCOB OT (UIMKH HACANLHBIX KDH-
CTAOB K (PU3UKE aMOPQEBIX M CTCKI000PA3HBIX BCINECTB,
K NLIACHCHAIO YCIIOBHA CYWCCTHORAHMS TOKUNTHIOBAHHLIX ¥ A€~
HOKWLTHIOBAHHBIX COCTOSNA (TPE/IEIOB TIPOBOAHMOCTH, TO-
pora MOANKAKHOCTH M T. 1L.). MX M3ydeHHe OTKPBIIO HOBbIE
rexn. npuveHenng T. 1.

4) Cyieets. poits 8 usnke T. T. MONYYHIO HCCIIE/I0BAHHE
HCIMHEAHBIX TpotieccoB. OGHAPYKEHB BOTMOKHOCTH MOJEIH-
POBATH Pi3i006PA3HIIE HEIMHEHHBIE ABJIERHA, BO3ACHCTBYSA HA
T. T. pasuod NPUPOMIBL i1.-MArH. (ONAMHM Pasjl. 4YacTOThI.
‘TAKHME NOHATHR. KAK COJMTOH, ATTPAKTOP, Xa0C, CAMOOPT AHH-
SAIHA, NPHLCANTHE U3 (PUIUKHM HCITMHEHHBIX MPOLECCOB, cTaJH
yioTpedu eibiuiMi B pusuke T, 1.

5) Bospoc usrcpec k T, T.. 00na/lai0IHUM  TPOMEXYTOY-
ULIMH CBORCTRAME MCKY TCIAMM Pa3HON MPHPOIbL, W K AP.
IKIOTHY. CHCTEMAM: KBAHTOBBIM KDHCTAIJtaM, 3aITMMAIONIHM
IIPOMEKY [OUITOE HOMOMKCHHE MCH)LY KBAHTOBRIMH XH/AKOCTS-
MH W T T, K OKWAKMM  KPUCTATUIBM, K KA3UKPUCAAAAM,
O0TUNONIHM  ecopasepiont crnpykmypoii B TIPH  HAJAYHH
1BHCT O KOOP/HHAITHOHHO1 0 MOPSA/IKA CoepX)allldM 3amipe-
ménnbie 1719 PETOPOBCKNUX TPYNI OCH CHMMETPHH 5-10 NOpAl-
Kd. M Aap.

6) MHHKATIOPU3AIKA DICKTPOHILIX NPHGOPOBR NPHBIEKIA
BIHMUAHIIC K D TEKTPOHHBM CHCTCMAM HH3KOH Da3MCPHOCTH —
JIBYMCPHBIM H OJHOMEPHBIM, CBOHCTBA K-pBIX CYLUECTBCHHO
OTIHYARTCS OF HX TPEXMEPHBIX AHANOTOB (eM. Keazuoonomep-
naie cocdimenust, Keusudevsepusie coedutenus). ITo MPHBELIIO,
[ UACTHOCTH. K OTKPHWITHIO Keanmodoeo Xodaa ofdexma B npy-
MCPINIX [0iecPeHotsiX 104X HOCATENCH 3apsia B IONMyNpo-
BOAUMKAX. TeOPCTHY. H IKCTIEPHUM. HCCIET0BUHHA KIACTEPOB
(CYUEPMINIMATIOPIBIX CHCTCM) MO3BONAIOT HCCACAOBATh HETO-
CPECTBENO NEPEN 01 0T MHKPOCKOITHYECKHX K MaKPOCKOITHYe-
CKHM OOBCKTUAM.

7Y OTKPBITHE BLICOKOTEMIICPATY PHEIX  CBCPXTIPOBOIHHKOB
¢ KpHIHW.  TEMI-pOi  BBIIC TCMH-pbl  KMIICHHA  a30Ta
{— [958 C) (eM. OKCudibie gblcokomessnepantypisie ceepxnpo-
sodinkir) IPUBLILO K pe3KOMy BO3PACTaHHIO HHTEpeca K HIH-
K& caepxnposodtivocni,  TAKKC Kk €€ TCXIT. MPHMCHCHHAM,

Dumka T, 7. pa3BiBalach BMECTC C (UINKOH aTOMHBIX
H CYBATOMILIX HACTHI, MPHUYEM BAKHYIO DO HIDAT oOMCH
HACHMI W OKCICPHM. MCTOAMKAMHI Mex 1y pu3nkoi T. 1. u du-
SUKOH MAKPOMHDY

HO M AN YCOBEPLUCHCTRBOBAIHS

Shem.s Thadiep ac P Ksanropas reopsst TBEpAbIX Tei, MEp. ¢ aHra.,
M. 19560 Judiman dw. (Ipiuie) TEOPHK TBEPAOTO TeNa, mep.
OO S L ¥ M. 1974, Karanos M. U, lidwuu U. M

Knumitacnisgod MCk o upriniiiisg KsagTopoi (Bu3nKH TBEPAOIQ TE:
2. Mo 19%9 Kunreeans BucchHHe B (pHIHKY TBEPAOTO €I
nep. ¢ amr, Mo 197%: Auupur]y T H., Mepmun H., ®uinxa TBep-
2010 T iep. ¢, . 1—2, M., 1979: Kararos M. U, ®pen-
xenn B Bexs weropuk msvkn TRepaoto Tena, M., 19815 cm.
vakme e upy ¢ Memadaon, Hoaynuposoonusu, [Turackmpuku, Kpu-
ctrttaet, Beppostacnemuar, AudepposacnendM.

M. H. Kacanos.
TBEPIOCTDb MuTepuanoB—XapakTCPHCTHKA  MaTepHa-
0B OTDRKAROILALA HX NPOMHOCTL H RAACATUHHOCHTS . Ha“ﬁ.
yacro T, OUPCIEIACTCH METO/1I0M B/[ABJIMBAHHA 1IAPDHKA HJH
IPUIMBL B I[Cllhlly(‘Mblﬁ (VGPH el anbo METOAOM lApANTaHHA.
B MeTo/le BAKKCpea 13Masiiaa UNPAMHIA CYanJapTHbIX pas-
MCPOR BAGBIMBACTCH OCTPHEM B TCIIO C mnud:onanuoﬁ no-
BEPXHOUILIO U T. O ICTACTCA KAk OTHOUICHMS HCK-] pOH Cran-
‘l«\DIlIOM CHITLE BAUBIMBUHUA K | MM TUIOLIAAM OTHCYATKA. T.
uo I)DHIIL, O == OTHOHICHHC CHJIBI, B}'ldBIIHE'dIOIIlCﬁ CTaHAapT-




HbIA CTaNBbHOMN LWapKK, K HAOHIAIM oTnesarka. T. 1o PokBes-
1y — OTHONICHHE CH.IbI BAABIMBAHWA K riyOMHE BHEIpEHHS
1WapHKa WIH NpuMbl. TTOIyuuil pacnpocTpaHCHHE METOL W3-
mepennss T. ¢ noMomw Y3-xoneGanuit (cm. Vismpaseyk),
B OCHOBE K-POr0 JIEKHT H3IMEPEHHC PCAKUMH KOJICGAT. CHCTCMBL
{(m3meHeHMs e¢ cOBCTB. HacTOThI) Ha T. MCHBITYEMOIO MaTe-
pHasa.

TBEP,ZlOTEJ]belM JA3E B K-POM akmusnod
cpedof ABNAIOTCSA AKTHBHP, AMOIICKTPHY. KPUCTAS1Abl H CTEKTA
MM IHONEKTPHY. KPHCTALTBE ¢ COOCTBEHHBIME TOHYCHHBIMH
nedekTaMu. B KauecTBe aKMBATOPOB KPHUCTALAOB M CICKOM
OOBIMHO CITYKAT HOHBI PEAKO3CMENBHBIX AICMECHTOB HIIH HOHBL
rpyHnps keiiesd. CoGCTBCHHBIC TOYCYHBIC eQICKTh B KDHCTA-
JAX RO3BHHKAIOT HOJL BO3ACHCTBHEM HOHM3UD. HIYUCHHS MK
NyTéM AABHTMBHOTO OKDAIUMBAHHA. JHCDICTHY. YPOBHM akK-
THBATOPOB HIM €OBCTB. ASPCKTOR MCNIONB3YIOTCS A8 CORIa-
HHA MHBEPCHO# Haces€HHOCTH [1] (eM. Keammogaa siaexmpo-
Huka).

o eymiecTBysolucH TPaZHIMH, JTA3¢Pbl HA OCHOBC HOMY-
NPOBO;IHHKOBBIX KPHCTANOB BHUICJIENL B OCOOBIA  KIace
(M. MTo.aynposoduukossit 1azep) B CHNY NPUCYLCH MM CHCLH-
$HKH BO3OYXACHUA W OGPA3OBAHHA WHBEPCHHM HACCIEHHOCTH
Ha NEPEXofax MCKY Pa3PCHIEHHLIMH JHCPreTHY, 30HAMM 110~
NYNPOBOAHHKA (C¢M. 3onnas meopus). VHBepcHas HaceléH-
HOCTh B 4KTWBHOH cpede T. /1. KOCTHIAeTcA OMVHY. IiaKad-
KOH — OCBEILIGHHEM aKTHBHOTO JeMenTa (AJ) cnen. samna-
MH, COJHCHHBIM  H3[IYHCHHEM, H3JIY4CHUEM  IIHPOTEXH.
YCTPOHCTB MJIM M3QyYEHHEM JIP. JIA3€POB, B YACTHOCTH MOJLY-
TPOBOIHHKOBBIX.

Ienepauna T. ;1. OCYIUCCTBIACTCS NO TPEX- UITH 4ETBIPEXYPOB-
ueBol cxeme [2] (cMm. Haxauka). AD 3rux 1a3epoB 0ObIMHO
HMEIOT (OPMY KPYTOBOIQ WHIHHADE HAH CTCPKIA NPAMOYI.
ceuenns. Muorna npumensior U AD Bonee CIOKHLIX KOH-
durypauuii. Hanb. pacHpocTpateHHe HOMYHHId KOHCTpyKIUs
T. 1., B X-poit WHIHNApHYecknl AD BMecTe ¢ Ta30pa3psjiHOH
JAMINIOH HAKAYKH HOMCILAIOTCH B KAMCPY-OCBETH e b, KOHIEN-
TPUPYIOILYIO H3JTy4eHHE JTaMINBI HaKaukK B AD. W3-3a Mnoro-
KPATHOCTH OTPAXEHHS M3JIYYCHHA NAKAYKH O1 BOYTP. NOBEPX-
HOCTH KdMEpbl-OCHCTHTENS AOCTUraeTcs OOolice 1I0HOE €ro
norjiomeRue B AD. [1pMMEHSIIOT OCBETHTENM, B K-pbIX OANa
JTAMHZ HAKaYKH paBoT4ACT Ma HCCKOJbKHX AT WM, HANPOTHB,
OMH AD HAKaUMBACTEN HCCKOJALKMMH Wi GONIBIIMM YHCIIOM
mamn. JIMana3ou JUIMH BOJH rencpamuu T. 1. npocTHpacTcs o1
VO- po cpenneit HK-o6nacru. T. ;1. paBoTalor B MMHYJbC-
HOM, HENPEPLIBHOM H KBAIHHENPCPBIBHOM pEXHMax (eM. Ja-
3ep). ¥V cyimectByromnx T. 1. MOIHOCTL TEHEPAlLHH B NEnpe-
PLIBHOM DEXHMC MOXCT JOCTHIATS | —3 kBT npu yA. sHepro-
cbéMe ~ 10 BT ¢ | cv® akTuBno# epeasl npu kna ~3%. Cp.
moumocts 107 BT HpPH HacToTe noBTOpeHMs MMHYJILCOB 110
100 'y peaansyercs B T. ;. HMILYJILCIO-NCPHOAMY. ACHCTBHA
xla (yfe*cm;xg P?oﬁom-mﬁ FCHCPALMH HPH JATHTETBHOCTH KMITY.IbCA

3. ¢

T. n. ¢ yenexoM paboTaioT B PeKHME MOLYIANHH 106poT-~
HOCTH pe30HATOpR, HTO NO3BOJACT I€HEPHPOBATL THTAQHTCKHE
HMTYJBLCHL, JUTHTEIbNOCTh H DHEPIHUA K-PblX 3ABUCAT OT CKOPO~
CTH BKJIIOYENHS 34TBOPA W CBOMCTB aKTHBHOH cpenbl, OObIY~
HEBIC 311.«1‘16””}] AAMTEALHOCTH TAKHX HMNYy/[LCOB (1 —_
10)- 107 % e. Mix NUKORAS MOMHOCTL OFPAHHUMAAEICA TPH
3TOM Ol'lTll‘l HPOYHOCTBH) dKTHBHBIX H HACCHBUBIX 3JIEMEHTOB
Pe30HATOpA, K- pdﬂ oBBIMHO COCTABJIAET BEJIHYHHY
~5-10* MBT na | cm? nosepxHocTi. O6BEMHAS ONTHY. NPOY-
HOCTh TA3€PNbIX MATCPHAIIOB OOLIMHO OKA3bIRNAETCA BhINE.
Monynauus 1o6poTHOCTH PE3OHATOPA OCYIICCTBASETCH Kak
MAacCHBHBIM 0OPA30M  (HACKILAIOIMCCH MOCNOTUTEIM), Tak
H aKTHBHbIM (3JIEKTPO- H 4KYCTOONTHY. MOAYJIATOPbI). HuHor 1a
TNPHMEHAKOT M MEXAHHY. MOIYJISTODEI, HANP. BPALLAKIIYIOCH
TIDH3MY.

BOIH:LLIOC COOTHOINCNIHE IIIMPHHBI I(OHTypd YCHIICHHA T. n.
H HACTOTRI MEXMOIOBbIX GHEHHI (~ 10%) N03HOIAET JOCTATO-
YHO MIPOCTO OCYIUCCTBIATE PEXKHM CHIIXDOHH3AUHH MO H O-
Jy44Th CBEPXKOPOTKHE MMIYILCHI UTHTELHOCTBIO 1074 —
107'* ¢, orpaHH4eHHON OBPATHOH IINPHHEOH JIKNUY YCHICHHS.
Tak xe, Kak B MOAYAANHA J00POTHOCTH, CHHXPOHHIANHA MOJ
B T. JI. OCYIUCCTBAACTCH KaK 4KTHUBIIBIM, T4K H MNACCHBHBbIM
obpazom. T. 1. MoXeT Taxke paboOTUTh B PEKUME YCHITHTENS

4 OKINUCCRAS FHUHKAOUCIHA, 1. §

HasyscHns. TIpH oroM koad. nuHeuHom YCHIICHHA MOXET
NOCTUTATh BenmuuMub 0,5—0,7 em™ ',

Jasepubtit sgpext oﬁudpy)kunder Gonbmoe kOn-BO pas.
KPHCTAIUIOB M CI€koJ (HECK. COTEH), OJHAKO peasTbHO Jjed-
erayrontux T, J1., HAICMWIMX HPAKTHY. HPHMEHEHHE, CYIIeCT-
BEHHO MeHbine. K ux YMCJlY OTHOCHTCH Jila3ep HAa KpHETaJlle
pyOuMHa —nepBhri B MUpe sta3ep, co3aanupiit B 1960 T. Meii-
maHom (T. Maiman, CIIA).

Py6un npeacrapasier coboli  kpucramn xopyusa Al O,
¢ npumechbio { ~0.05%) Honor Cr3”, 3amewsaroniux B KpHcTai-
JHY. pEIETKE HOHBI Al Pyﬁuuonblﬁ nasep paboraer no TpEx-
ypoBHcBoM cxeme, B K-pOi ypoBHeM 1 ABASCTCA OCH. COCTOR-
nme 44,, yporem 2 —nosockt *F, u *F\, ypoBuem 3 — nybner

2E. B MOWHBIX pYOHHOBBIX Ja3epax NPHMEHNIOT KpyIible
CTEPKHN AMaM. 2 M M A 20—30 cm. THIMSHBIA pexum
puGOTLl—MMllyﬂbCHblﬁ. PCAU3YIOTCH  TaKKe MOOYIIsLHs
NOOPOTHOCTH, CHHXPOHM3AIMA MOJ, YCHIIEHHC MOILHOCTH.
JnMua BONHBI TCHepaumu pybSunoporo nasepa 0,7 Mkm.

Hau6. pdCl‘lpOLTdeCHHbIM AKTHBATOPOM MATEPHAJIOB AJIA
T. n. apassotes uodnl Nd** (em. Heodumossiii aasep). [npo-
KOC MPUMCHEHHMC B HAYKE H TEXHHKE HAXOAAT Jla3epbl Ha
OCHOBE CHUIMKATHBIX H (ochaTHBIX CTEKO ¢ HEOAMMOM (CM.
Jazepieie cmékiaa), TEHEPHPYIOLIME H3NYYEHH B OGMaCTH
1.05 MKkM. OCH. H43HAYEHHE JTA3ePOB HA OCHOBE CTEKON—ITO
[CHEPALMA OJHTIOHBIX HMIYJLCOB GONbIIOH MoLIOCTH. AD
H3 CTCKJIA OTJIMMAKOTCH BBICOKHM ONTH4Y. KAd4SCTBOM, MOTYT
nmeTh G6onbiIoH 06BEM NpH 3aaanHHOR dopMe anemenTa. Jla-
3¢Pbl Ha 0€HOBE GOCPGATHOTrO CTEKITA C HCOAHMOM TElCPHPYIOT
CAMBIE MOUIHBIC HMIYJILEB TeHedeU”l de, na YCTAHOBKE
«NOVA» ((LUA) cyMMapubli 00béM AD x-polt cocramnfer

2-10° em”, HOMy4enbl HMMYJIbehl anepruei ~4-10* JIx, amu-
TC)II:HOLTI:IO ~107°%¢, 4TO COOTBETCTBYET MOLIHOCTH
~4-10'* Br. Bo mropoii (Ax0,53 MxM) u TpeTbeii (Ax

20,35 MKM) rapMOHHKAX YaCTOTHI OCH. NEPEXOJia IIPH Tako# xe
JUTHTE/ILIOCTH HMHYJILCOB SHEPIUA COCTARJIACT ~2-10% Ox.

Han6. mMpoKo NpHMEHSEMOH KPUCTAIIMY. MaTpHueH
¢ Nd>* sBIMeTCS KPHCTALT WTTDHH-AIIIOMHHHEBOTO rpaHaTa
(MAT—Nd*" ), k-pbiii B 1aub. crenenu orseyaer conp. Tpebo-
B4HMAM KBAHTOBOW 3JICKTPOHHKK H €€ npunoxenni. Heof-
XOOHMBIE  CNIEKTPANbHO-TIOMHHECLIEHTHbIE CBOWCTBA  9TOTO
KPHCTa1Ad y}:ld‘"‘lﬂ COUETAIOTCA € €r0 BHICOKOH MEXaHHUY. npoy-
NnocThHO, '[HepﬂOCHle, 3HAYHTELHOMH TEHJIONPOBOAIIOCTLIO
(0,13 Brjem - K); MAI—Nd® *-nasepsr paboTaioT Bo Beex He-
PEUHCICHTIBIX BbIIIEC PEAHUMAX. WMeHHO HA HHX IIOJTY4EHbI
PEKOPAHBIC MOLIHOCTH NICHPEPBIBHOK reHepaliny. JuHa BOJ-
net renepauun MAT—Nd?*-nascpa Ha och. nepexoae Heomn-
Ma A, = 1,064 Mkm. TuimyHbie pa3zMepbl AD or 3 x 50 MM do
10 x 120 Mm.

H‘dXO}lﬂT TAaKXe IP"MCHC“HC KPHETAJJIbl 4JIIOMMHATA HT-
Tpus (YAIQ;—Nd**) u dpropuna nutus-urrpus (LiYF,—
Nd*"), Kpucrannpl amomMMHATA WITPHS  IPEANOYTHTEh-
nce kpucrainos WUAT—Nd®* ana pabotl B pexume
MO,y THP. }]06]301HO&.T14 4TO CBA3AHO C MCHBIUMM 3HAYCHH-
CM CeYCHMS OCH. TEMEpall. NEepeXona H, CJEA0BATENbHO,
C YMCHBLIIEHHEM RJIMAHHA CYHCPIIHOMMIICCUCHIHA H BO3MOX-
HOCTBIO HAKOMUIEHHA GOnbiuel JHEPrHH HA BEPXHEM Nazep-
HOM YpOBIE.

OTI‘IH‘{M T. 4EpPTAMH KPHETANIA d)TOpH}J'd JIHTHA-HTTpHA C IIe-
O/HMOM SBJISHOTC OTPHLAT. BEIHUHHA ¥ MAJIOe a6C 3MauCHHC
B= dﬂ,’dT*—TeMﬂt,pdTypHOl‘O K03, 1TOKA3ATENS HPETOMIIEIIHA
n([i——43 107°K™!" paas menonspwsanmm u f=—2,2 x
x 107°K™ lum G-nosspu3auam; s kpuctania AT, wanp.,
B=7.3-10"°K'). 310 0BCTOATENBCTRO CYLLECTBENMO OCTA-
6I8eT NPOSBICHHA TEPMOOTITHY. PPIEKTOB, B YACTHOCTH -
dekTa HABENEHHOW TEPMOONTHY. SIMN3BI, YTO YBEJIHYHBACT
TIPOCTPAHCTBCIIHYK) APKOCThL H3JYYEHHUS Jla3cpa. llmma BOJINbI
renepaiHu T43cpa Ha oeHoBe Kpuctaina LiYF,—Nd** capu-
l'lde NO CpAaBICHHKO ¢ [U'llil'lOM BOJIHbl [€HCpALMH HAT—

Nd**-nascpa B kopoTKOBONNOBYO cTopony (A, = 1,053 MkmM
A% o-noaspHlaunH M i =1,047 ans n-HOASpH3ANME), YTO
48T BOIMOXHOCTh 3dip. paBoThl TAKOrO 143€pa ¢ yCHITHTENIEM
na ocHoBe CTCKiMa. KN HCONMMOBBLIX JIAZEPOB HA OCHOBE
NEPEYHCIICHHBIX KPUCTAINOB, KAK NPABHIO, HE NpPeBBIUACT

—4% B pexHMe cBOGOIHOH renepanmn M 2% B pexHME
MOAY/IAUNH HOB]’)OTHOCT".

TBEPAOTEJIbHbLIU
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HoBhie BO3MOXHOCTH TPEXBAIEHTHRIX HOHOB XPOMA KaK
AKTUBHEIX wacTiil T. 1. HPOSBUIMCHL B KPHCTANIIAX A.TCKCAH;(-
pHuTa (BeAI;OA) B oTnHune oT KpHCTAUTA pYOHHA, TCHepaALUs
nonos Cr’* B anekcamnpure OCYLIECTBIACTCA HC TOILKO H
HechoHOHHOH THHHH 1 Tlepcxosta 2E—*A4,, HO W Ha HICKTPOIHO-
Konebat. mepexone “F,—*A4,. Ipu stom T. o paﬁon,T no
HETHIPEXYPOBTIEROW CXEME H HAET BO3MOXHOCTh IUIABIIOH re-
PECTPOHKH JJIHHBI BONHBL reHepatu. Tumuaitas obnacts nepe-
CTpoikH: 730—803 Hm.

Oco6eHHOCTRIO la3epd Hi KPHCTAIIE aNeKCAHPHTA ABIIACT-
€8 YNyHIIEHHE PHEPreTHY. XapaKTCPHCTHK ¢ HArpepaHuem AD
BRIMIE KOMHATHO# TEMII-DBI, 4TO OOYCIIOBIEHO POCTOM € TEMII-
PO# BeTTHHMHbL hdh. cenenns reHepan. nepexona. Harpesanve
AD B 5TOM J1a3epe NPHBO/IUT TAKXKE K PACTIIMPEHHIO JIHATA30-
Ha TIepECTPOAKH JITWHBI BOJIHBL [CHEPALHH B 1TTHHHOBOIHOBYIO
CTopoHy, Jlazep Ha KPHCTANNE ajiekcanapula Takxke paboTaer
BO BCEX YNOMHHABITHXCH Bhbillle POKMMAX, B T. U, U B PexXHMe
GOTBIMX CP. MOILHOCTEH, HEMY CITOCODCTRYET BHICOKAS TEITO-
NIPOBOIHOCTE HTOFO KPUCTAJLIA {x=0,23 Br/eM - K).

T1aBHYIO HEPECTPOHKY /LTHHBI BOTHBI [EHEPALMH oGeantm-
BAET JIA3€p HA KPHCTAJLTE KOPYH/IaA ¢ THTaHOM (Al,0, ~Ti*").
XapakTepHas obnacTh nepecTpoiku: 700— 1024 M. Manocts
BPEMEHH XHIHH B036ywaEHHOro cocrosiust Ti*t (=3 mkc)
TIPH KOMHATIION TCMII-pe desacT Ma,‘TO')(b(beKTHEHOﬁ TaMno-
BYIO Haxauky 3Toro nasepa. Hukauka Al,O,—Ti''-nasepa,
KaK MPaBUIIO, OCYIIECTBIISETCA /M HElPEPhIBHAIM dPrOHOBBIM
JIA3€POM, HIIH HMIYJThCAMH BTOPOH TAPMOHUKA HEOIMMOROIO
nasepa. Ipu 3T0M 2hdeKTHBHOCTE TpaHCHOPMAIMH H3Tyde-
HHS JTA3€PHOH TIAKAYKH B IEHCPALIMIO WOHOB THTAHA MOXET
npepuinats 20%.

TNepecTpoiika ANMHEI BONHbI MEHEPALIHH B LIKPOKOM CTIEKT-
PaTbHOM [IHANA30HE OCYIUECTBIAETCA B Ta3epdX HA LEHTPAX
okpacku (cm. Jiazepsr na yewmpax oKpacku), K-pble TaKxe
0OhIYHO paBoTarOT ¢ HAKAYKOIH /IP. Ja3CPOM.

K cymects. pospactandio kna T. ;1. npuBena peanu3alua
JIOHOPHEBIX cocobnocTeii HoHos Cr** oTHocHTENRHO TpExBa-
JIEHTHBIX HOHOB PEIKO3EMENIbHBIX 3JIEMEHTOB (CM. Cercuiiuau-
JUPOBAHHAR 10 MuUeCenyus) B KDHCTANTAX rpanaTon. Beico-
kas u30MopdHas EMKOCTh ITHX KPHCTAILIOB B OTHOIIEHHH
PeaKo3eMETIBHBIX HOHOB W HOHOB TPYNTB efe3a AOnyckaet
BBEJICHHE HEOOXOMHMBIX KOHICHTPALUA O0OUX TUROB HACTHIL
6€3 yXy/LEHHS ONTHY. KAYECTBA KPHCTAILTOB (CM. I'Iammp-
puss). Crieunduxa oHepreTHY. cTPYKTYph HOoHOB Cr** B KpH-
CTAnnax rpagaTos obecnedrBbaeT NOIHYIO W OLICTPYIO nepeia-
4y 3HEPTHH U3 €ro JJIEKTPOHHO-KOJIEDAT. 10;I0C HA BEpXHHE
JIA3EPHbIE YDOBHH HOHOB PEIKO3EMCIIbHBIX EMEHTOB.

K cemefictpy xpomcoaepxaisx rpaHatos, paboraroumx Ha
OCH. mepexo/ie Heomuma B obnacTu 1,06 MKM, npexe BCero
OTHOCATCA KPHCTaNIB Fa/I0JIMHUHA-CKAH/THR-TATI3HCROTO
(TCT'T), urrpuit-ckanauii-ranimcsoro (MCTT) u rafo1nuuii-
ckanArH-anroMurueBoro (I'CAID) rpauaToB., ITH KpHCTALIBI
NpefHa3sHaYeHbl 11l HMHYJILCHOTO H UMITYJICHO-TEPHOIHHC-
CKQro POXHMOB pabothi. B nasepe wa kpuctamne ['CTT—
Cr**—Nd** B pexume cBoGO/IHON TCHCPALMK B 06.14CTH
Hakawek 1—3 [k nocrerayt ki x6%. Ha xpucranue
UCTT—Cr3*—Nd** npu nakauxe 200 Jx abe. kma jo-
cTHrdeT 10% B pexume cBobomnoll rcHepauuu. UCTT—

—Nd**-nazep B pexHMe MOTYILALHY OBPOTHOCTH
H ‘idCTOTC MOBTOPEHUA MMIYNbCOB 10 50 ¢! oBecneumpact
abc. knn ~6% npH JHeprHd 3a umnynec 04 JIx, 4To
OFPAHWYMBASTCA OHTWY. TIPOMHOCTBIO TOpua AD. L1MHa BOI-
HbI HAJTY4eHHs 3Toro Jadepa (1,058 Mkm) xopolllo coracyeTest
€ KOHTYPOM YCHJIeHHS (OCATHOrO CTeKNa ¢ HCOIHMOM, HTO
no3ofeT 3¢MeKTHBHO HCMOTb3OBATH Ty MAPY B CHCTEMe:
3afaromi  rerepatop —ycuauTens.  Kpucraat T'CAI—
Cri*—Nd** umeer CTIEKTPATBHO-FOMHHECUEHTHBIE cnoﬁCT-
Bd, AHANOTHYHBIE CBOWCTBAM Kpucmnnon rerr—Cre? ' —
Nd** i UCIT—Cr** —Nd** Tpu HTOM BEIHYHHA TerLlo-
TIPOBOIHOCTH 3TOTO KPHCTAILIA (O,l IBt{cv - K) npubnuxaetcs
K TRIUIONPOBOMHOCTH KpucTasuia MAT,

JInuHHOBONHOBAs IpaHula sdb. rewepaunn T. n. ¢ nam-
noBOM Hakaukodl (Npu KomHaTHOW Temn-pe) =3 +3.5 mxm.
TIpH MCHBILHX 9HEPTETHY. 3430paX BEPOATHOCTH MHOTO(O-
HOHHBIX Ge3bI3Ty 4 TeTbHBIX TIePCXOIOB OKAZBIBAETCA LYIIECT-
BeHHO OONbHIE BEPOATHOCTH H3JIYYEHHS, 9T0 O0YCIOBIHBAET

MiJIbie BETHUHHE! KBAHTOBOIO BEIXO/14 JIFOMHHECUEHIIMH W Bpe-
MEHH XH3HH BO3DYXIEHHOro CocTOAHMA. DTa IIHHA BOJHBI
obecrieuuBaeTCs, HANp., TepexoaoM 1y, =414, WOHOB 3p6Hs
(Er**). TeHepauns wadysenus wonaMu Er’* upu namnosoit
HAKAYKE C KT, TPCBBILIAIOMAM & 1%, MoJyYena Ha KPHCTAI-
gax UAT—Er3®* u UCTT—Cr3* —Er3*. B nepsoM ciy4ae
JUIMHA BONHBL refiepaun¥ A, =294 Mxm; 80 BTOPOM A, =27
MEM. PeannsoBaH DexuM MOXYISAUHY no6p0‘rHocTu ¢ 49acTo-
TOH HOBTOPENHs HMNY.TbcoB Ao 100 ¢

PA3BUTHE TIONYNPOBOAHHKOBBIX nazepon Cle1a;10 TEPCIeK-
THRHBIM HCTIONTb30BAHME WX AJIA Hakauku T. 7. [lonynposoj-
RukoBble azepsl (T1J1) Ha OCHOBE MOHOKDHCTAIOB apcennaa
TAJIMs TlyTEM U3METICHHS COCTABA MTO3BOJAOT NOIYYdTh FeHe-
pamuo B obnact 0,751 MKM, 4TO AaéT BO3ZMOXIIOCTS :
qweKTuBHo Bm6y)xna'n, regepaumio Ha wonax Nd**, Tm?®

0* " Er’" u Yb>" [S]. Hakauka uanysenuenm I1J1 apaseTca
G,mu(m K DE30OHAHCIOH, 4TO B 3HAYHT. CTENEHH CHHMaeT
npofnemy HapeAEHHBIX TEPMHY. HCKAXEHHH B A H no3BonseT
OTHOCHTEThHO NIETKO JOCTHIaTh MPEIENbIIO BEICOKOH Hanpas-
JIEHHOCTH JIA3EPHOTO MyHKa. Mony4eHa HENpEPRIBHASA [eHepa-
s Ha norax Ho® (A 2,1 mxm), Tm3 (A, ~2.3 Mxm), Er*
(A, ~2.9 MKkM), 2 Takxe ma pasf. mepexomax womos Ndi*!
MMopor rexepanuy NO MOUIHOCTH HAKAYKH B HEK-PhIX CIIy#asx
COCTABIACT COWHHILI MHITHBATT. Tak, Hamp.. NOPOT renepa-
nuu Ha wonax Ho** B xpucrane MAT—Tm?* —Ho?* pasen
4 MBT, a nopor reHepauuH Ha OCH. nepexede womon Nd3*
B cTek.ie He npesbiuaeT 2 MBT. Ha nenom psfie KpHCTAINOR
¢ HEONHMOM TNoJlydeHa TeHepallHs BTOpoH rapmoHukH. Ha
OCH. TMEPEXO/IE HEOJAMMA DPEANTHIOBAHBI DEXHMBI MOIYIAIUU
NOBPOTHOCTH H CHHXPOHH3AUHH Moa. OBuHi KA HeoTHMOBO-
ro HENpepeIBHOTO nasepa ¢ Hakaukoi wuznmywemuem [TJI Ha
AnnKe Bonubl renepanud 1,06 Mkm gocturaet 20%,

T. :t. ¢ nakagkoh I1JT copmentiaet B cebe JOCTOHHCTBA TBEp-
JOTETRHOrO H MOJIyNPOBOAHHKOBOTQ Nasepon. ITo cyTwH mera,
aKkTuBHag cpena T. A, seasercs >hP. KOHIEHTPATOPOM W3-
syuennst T1JI no crnekTpy, BO BpPEeMENH M B NPOCTPAHCTBE.
Osxutactes SypHoe pa3pHTHe 3TOH 00TACcTH 1a3ePOCTPOCHHS.

Paszsurue T. n., paGoTalowAx B pcXuMe BBICOKHX CP. MOLI-
HOCTeH (CyOKHIOBATTHLIA H KMJIOBATTHBIH AHANa3oHbl), CBA-
3AHO € 3AMEHON IMJIMIVIPHYECKHX A Ha TPAMOYrOJThHEBIC,
B K-PHIX JIA3€PHOE W3NYYCHHE HPOXOIMT, MHOTOKDATHO OT-
paxascr ot 60koBbIx nosepxHoCcTeR AD. B 3TOM Cydae Heo/-
HOPOJHOCTH Padfl. IPHPO/BI, HABEIEHHbIC HAKAUKOHN, OKA3bIBA-
HOTCS CKOMTIEHCHPOBAHHBIMH U Ci1ab0 BIIHAIOT HA Ka4ecTBO
BRIXO/THOTO My4Ka.

n T. . ype 0 pasnoofpa3tel. FTo— na-
3epHas TEXTIONOTHA (CBAPKA, Pe3Ka M IP.), TEXHOIOTHS NEKTPOH-
HBIX TPHGOPOB, MEOMIMHA, Ta3epHas JIOKAUMSA, CHCTEMbI KOH-
Tpons coctasa armocdeps!, onTwy, obpaboTka wHBOPMAIMH,
HITErPaNbHAS W BOIOKOHHAS ONTHKA, J1A3CPHASA CTIEKTPOCKOHHS,
JIAIEpHAS IMATHOCTHKA HITA3MBI H YNIPARIISEMBIH TCPMOSIEPHBEL
CHHTE3, JA3EPHAs XMMWS W JIA3CPHOE Pa3jeleHHE H30TOTOB,
HENMHCHHAS OHTHKA, CBEPXCKOPOCTHHA (OTOrpatus, JdiepHble
THPOCKOIBI, ceficMorpads! U Apyrue To4Heic GHI. HPHGOPBL.

Jhum.: 1) CnpasounHx 1o nasepam, Mep. ¢ Aawril, Nod pea.
A. M. llpoxopora, 1. 1, M., 1978, rn. |11—15; 2) Kapnos H. B.,
JIckurM o KBAHTOBOM 2neKTpoHHKe, 2 wim., M., 1988; 3) [Tpoxo-

o» A. M., HoBoe noxonenne TeepnoTEAbLHBIX NazepoB, «YPHy,
1986, 1. 148, ¢. 7: 4) [Ipoxopor A. M., llep6akos H. A., Jlase-
Pbl HA KPHCTAJL1X PEUKO3ICMENBIbIX TP4HATOR ¢ XpoMoM, «Has. AH
CCCP, cop. duzy, 1987, 7. 54, Me 8, ¢. 1341, 5) OSA Proceedings on
Advanced Solid-State Lasers. February 7—10, 1994 in Salt Lake City,
UT, v. 20. H. A. Hepbaros.

TBEPABIE PACTBOPBI — TBeproTenbHble ABYX- HIIH MHOIO-
KOMIOHEHTHRIE O/IHOPO/IHbIE CHCTEMbI TIEPEMENITIONO COCTABA
(Hamnp.. THIa A, B, _ ), B K-DbIX aTOMBI HM HOTIR{ KOMIIOHEHTOB,
CMeMHBasch B pa3il. cooTHoHIeHUAX (0 < x< 1), obpasyroT 06-
1110 KPHCTAJIHY. PEIIETKY, XapAKTEPHYIO IS OATOTO H3 KOM-
nonenTos. CUCTEMBI, B COCTAB K-PHIX -BXONNT WIOCTPYKTYPHbIE
KOMIOHEHThI, KaK TIPaBWJIO, 06pasyloT H3-3d HEOrpamlHy. pac-
TBOPHMOCTH HEHpepEIBmblii ps/l T. p. BenduwHa x B 3TOM
£Iy4ae HE JHMWTHPOBAHA (HENPEPbIBHbIE, WJIH HEOTDAHHYEH-
upte, T. p.). O6nacTh cyniecTBOBATIHA T. H. OTPAHWYEHHBIX T. p.
{PacTROPHMOCTb O PAHHYCHA) TIA IHAT PAMME COCTOSHHS UMCET
npeseibl Mo KOHUEHTPALKH, 3aBHCALHE OT TeMn-pul 7.
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Pac. 1. CxeMBl pacnolOXeHHS aTOMOB B TBEPIBIX PACTROPAX: 4—

WHCTRIH JJeMENT A: §—7BEpALIH PAcTBOP 3aMELIEHHs DJIEMCH!

B b snemenTe A; 6— XHMHUYECKOE coeqHneHnHe AB; «—reépapiii pac-

TBOD Xa ore B OM COEaH-

HeHHH AB; 0— TBépABIA pacTBOp BHEIDeHHA dieMcHTA D B dneMente

A; e— TBEPABUT PACTBOD BOIHTAMNHA HA 53¢ XHMHUECKOI) COETHKEHHA
AB, O—A; ®—B; 8—C, @—D.

Pasmuuaror T. P. 3aMCUICHHA, BHCAPCHHS H BBIMHTAHHA
{pc. 1). B T. p. 3aMelleuH s HA OCHOBE KDHCTAJJIHY. pe-
IETKE XHM. 3IeMeHTa (MeTanaa) A aToMbI nieMcHTa B 3ame-
AT 4acTb ATOMOB COpPTA A; 8T P. 3aMCIUEHHA COCAHHEHHA
AC B coeanHennH AB aToMbl WM HOHBI copTa C 3aMelna-
10T aTOMBI WJIH HOHK COpTa B (3aMEILEHHE VPOUEXOAMT
B B-mompeurérke kpHcTasutd, pethéTkH). TpH 06pasoranuH
T. p. 3aMeILCHHA YHETO WTOMOB H/IH HOHOB B 1EMEHTApHOH
AYEHKe 0eTaéTes NOCTONHHBIM.

B T.p. Bueapenus atomsl copTa D pacnonararorcs
B MEXIOY3IIHAX KPHCTAJUIHY. PEHIETER MeTanna A, pH TOM
HHCJIO aTOMOB B BJIEMEHTApPHON Aueiike ywenHuusaetcs. Jlns
ofipazopanus T. p. BHEAPEHYS HEOOXOMMMO, 4TOOBI pa3sindne
ATOMHBIX PA3MEPOB KOMMOHEHTOB GbIIO IOCTATOYHO BEHKO.

B T.p. BLHHTaHHA Ha OCHOBEe cOeNMHEHHMA AB dWactb
4TOMOB MJIH MOHOB COpTa B OTCYTCTBYET (BOIHHKAIOT BAKAH-
CHH B B-moapeuiéTee), 4HCI0 aTOMOB B 3JIEMEHTAPHOH f4ciKe
MeHblIe, 4EM ¥ HCXO/THOTO COCAHHCHHS CTEXHOMETPHY. COCTA-
Ba. BoamoxHO ofHOBpeMenwoe coueTaHuwe 2 BHaoB T. p.
(Hanp., T. p. BHenipenns aToMoB D B T. p. 3aMCILCHAA ATOMOB
B B kprcTayUMu. pewéTke, 06pa3oBaHHON aToMamu A). Jlx-
HeliHas 3aBHCHMOCTE MEKaTOMHBIX paccTosHHE oT x B T. p.

4

(3axoH Berappna, L. Vegard) BHLINOJNHACTCS B HCMHOCHX
C/IyHaRX; OTKJIOHEHHA OT 3aKOHa Berap:m CBA3AHK ¢ OTIHYH-
AMH YNPYFHX, 3/1eKTPOMHBIX, MATHHTHBIX H AD. CBOHCTB KOM-
nodenTos T. p.

B T. p. BO3MOXHO pa3Jl. YNOPATOYEHHE B PACHOJIOKCHHH
ATOMOB MJIH HOHOB; B HEYNOP#AOUeHHBIX T. p. 3aMellleHus
ATOMBI pA3HOro COpTa TIPOH3BOJIBHO PAaCTIPE/IesIEHbl B y3/1ax
KPHCTAJUTHY. PElIETKH, T. €. OTCYTCTBYET Oaibliuil u HaumcHuil
nopsdox. B T. p. 3aMcllleHHs ¢ ONMXKHHM MOPSIKOM €cTh
KOPPEIIAIHS B PACTIONIOKECHHH ATOMOB Pa3HOFO COpPTa B 06-
JNIACTH ¢ KOHE4HbIM pamuycoM. B T.p. BHEADEHHS 4TOMbI
OTHOFO KOMIOHeHTa C 06pa3yloT PEryJAPHYIO KPHCTAILIHY.
peIéTRY, 4TOMBI Op. cOpTa OECNOpAAOYHO PACMPEe/ICHBI
B MEXJAOY3NnHAX I1TOH pemeéTke. B ynopsaaouendom T. p. ato-
Mbl KOMITOHEHTOB Oépd]y}OT HECKOJIBKO BCTABJICHHBIX JDYF
B IPYra KPHUCTAJLTHY. TOAPEINETOK.

Hﬂﬂ JBYXKOMITOHEHTNBIX T. p- 3AMEILICHAA NApAMETP Jld b~
HEFO NOpAIKa

n=p—q. )

rae p—I0NS 4TOMOB WM HOHOB COPTd A, 3dHHMAIOUIHX
«CBOH» TO3MIMH B KPHCTAJLIH4. PEMIETKE: ¢—A0N8 TEX *KC
aTOMOB HJIH HOHOB B «4yXHX» no3unasx. [apamerpom 6anxk-
HEro MOpAAKa B HEYNOPRROUCHHBIX T. p. CITyXHT BEIHYHHA

—NPfcaNi, @

%;

rae N?®-—auc/io aTOMOB WM HOHOB copta B Ha /- xoop-
AMHALL chepe aToMa copTa A, N;,— obliee YHCI0 dTOMOB Ha
i-# XoopauHau. cdepe, ¢p— KOHUEHTPALMA (ATOMMAA A0aA)
aromos copra B B T. p. [pu rdakoM onpenencHad «; Aif
Pa3HOMMEHHBIX OIHXARIIHX coceficlt a; <0 (Buiknee ymops-
[OYEHHE), A OJMOHMEHHBIX ~— ;>0 (JIOKAILHOE PACCIIOEHHC
T. p.. vAR CETI per 2 M ), INAKA ; A1 NOENETYIOUHX KOOP-
JMHALL cpep eNoXKHBIM 00pPa3OM 3ABHCAT OT XAPAKTEPA YIO-
p;moqeuuﬂ. ﬂpu TIO.THOM OTCYTCTBHH BuMxHErO TIopAAKa BCE
a,=0.

B Hek-pbIX Cydasx — NPH 3dKajlke OFpaHWYeHHbLIX T. p. o7
BBICOKHX TEMI-D, TpH Ge3aH(PYIHOHHBIX NOTHMOPQHBIX Npe-
spamenuax B T.p. (cM. Hoaumopgusm), 1pn obiyuennu
A T.n.—obpa3yeTcAd nepechimen bt T. p. Ero pacman
TIPOHCXOJTHT NyTéM 0Bpa3oBaHHA 3apoabilllel BhlAeIAIOUNICHEA
w3 T. p. ¢asm wim nyrém Geagubdysnonnoro obpazobanus
aByx T. p. padn. cocTaBa (COUHOAANbHEHK paCTax), HpH
K-POM BO3HHKA€T T. H. MOAYJIHPOBAHHAA CTPYKTYpa.
VeTaHOB/IEHO TPOTEKAHHE PA30OBBIX MEPEXOAOB 2-TO POJA TPH
YIOPAAOUCHHH TBEPABIX PACTBOPOB CTEXHOMETPHY. COCTABOB
{(uanp., B cicreMax Cu—Ag, Cn—Zn u ap.).

®u3. csofictea T. p. 3dBHCAT OT HX COCTaBa M XapaKTepa
ynopanoueHus. i HeynopsjoYeHHpIX MeTamtey, T. p. BHen-
PCHHA COMPOTHBJICHHE P H I(O')d). TEMJIONPOBOJHOCTH X MEHSA-
FOTCA ¢ COETAROM MOHOTOHHO (l'lpM HEBBICOKHX KOHLICHTPALIMH-
SX 2-TO KOMIIOHEHTA CNPaBE/NIMBO Mammuccena npaguso).
B YTNOPAAOYEHHBIX T. P. Hd 3aBHCHUMOETHAX p M X OT KOHLIEHT-
PALHH X KOMHOHEHTOB MabioJaloTCs OCOGEHHOCTH TIPH CO-
craBax AB, AB;, AB; 1 T. 1., COOTBETCTBYIOLINX OMPENCT.

P, MkOm-cm
15 '
Puc. 2. 34BHCHMOCTB  YACIIBHOTO
CONPOTHBIICHHS p TBEPABIX PACTBO-
10 POB 3ameuieHka Au—Cu oT coaep-
2 KaHMa AU UTA HEYNIOPAAOTEHHAIX
(1) ¥ ynopaaouenHsX (2) TREPIBIX
5 pacTBoOpPOB.
9 25 S 7 100 x%@n)
Cu Ay

THMAM YIOPAJIOMEHHOT O PACIONOKEHHS ATOMOB — (8CPXCIpY-
wxmypam {(puc. 2). M3 CEHEHHA Dd WIEKTPOHOB
TIPH YCTAHOBNCHHH HJIH Pa3pyllienuy GITEXHEro Nops/ka TpH-
BO/THT K HIMCHCHHAM TEMﬂepaTyplile JaBHCHMOETCH corpo-

TBEPObLIE
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TBEP,
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THBIICHUS. MucHemOconpomnusietus A T, 1. B doapuiom uncie
METAJTHHCCKHX, OKCH/IHBIX H JIp. T. p. peanu3yeTcs cBEDX-
HPOBOAHMOCTL, FIOYTH BCE OHH ABJIAIOTCA CBEDXIPOBO/JHHKA-
MH 2-T'0 poga.

B pazbassiennbix T. p. NEPeXONHbIX H PE/IKO3IEMENBHBIX MC~
Taanos (Mn, Fe, Cr, Co, Y ¥ ap.) B Au, Ag, Cu 1IpH HH3KHX
TEMH-PAX HAOGIIOAAETCS MHMHMMYM Ha 3uBMcHMOCTsX p(T),
OéyCJOBﬂCHHblﬁ KOUSBEHHBIM  oOMeNNbIM - 83aUMOOCHCmBues
MEX/1Y CTTHHAMH [IDHMECHBIX ATOMOB YEPE3 IJIEKTPOIbl HPORO-
aumoct Au, Ag, Cu.

B3aMMOJEHCTBHE CNHHOB  XAOTHHYCCKHM  DACHPC/ICIEHHBIX
MArH. aTOMOB NPHBOAHT K 0OPA30BAHHIO COCTOAHMS, 11a3bIBA-
€MOr0 (HUHOBBIM CHICKAOM. ﬂﬂﬂ CIIHHOBBIX CTEKOJT XapakTep~
HBI QTCYTCTBHC CHOHT4HHOM HaMArHH4EHHOCTH, MAKCHMYM

100

f

> Puc. 3. /InarpamMma MArHHTBBIX CO-
CTOSHHHA TBEPILIX PAE1 BOPOB JaME-
1teHns B cucteMe Lig sFe; s-,Ga, Oy
(1,5<x<2,0): |—iMnud TO4EK
Kropu (Tc); 2, 3—mamuu Ty 4—

JTHHHS rl)azusux NEPEX0A0B CIHHO-
BOE CTEKNO— (PePPHMATHHTHOE CIH-

HOBOE CTEKII0.

o
&

Mu)'H. BOCTIPHHMUHBOCTH TIPH TeMN-pC 3amepsadud T, mar-
HHTH4S BR3KOCTH (AHOMAILHO GOSIBIIOC BPEMS YCTAHOB-
SICHHSL Mill'H, DABHOBECHS), JIMHEHHAS 34BHCHMOCTb TEINIOEM-
KOCTH OT TemH-pol npH T<< Ty, B COCTOAHHH CNHHOBOrO
CTCKJ1d MOTYT HAXOHTBCH HE TOJIbKO METAJLIMYECKHE, HO M JIH-
daekTpHucckne T.p. Ha pac. 3 OpeacTaBneHa  MalH.

— 7-AHArpaMMa COCTOSHHA CHCTeMbl (DCPPHMArH. OKCHAOB
Lig sFez s —xGa 04, Ha K-poii B LIHPOKOM IMANAIOHC KOHIIEH~
TPALMHA (X) H TCMII-D PEANH3YIOTCH OOJACTH CYINECTBOBAHMY
napamarauTHOro (I[IM), gepprmarnaraoro (PM) coctosnHi,
4 Takke OOIACTH CYmECTBOBaHMS CunHOBOro crekia (CC)
 eppumari. cnxHoBol o crekna (PCC). B (. p. pewimsyrotes
(eppo-, aHTHeppo- W GeppPUMArH. COCTOSHHA C Pa3il. MJrH.
CTPYKTYPAMH; MAKDOCKOIIHY. MUTH. CBOACTBA T. P. HIMEHAKOT-
CH B IMHPOKHX HpEAENax.

Co#crea T. p. Ha OCHOBE COOCTB. HOAYRPOGOOHUKOE HYBCT-
BHTEIbHBI K XapaKTepy H KOHLEHTPAlMH IIPDUMCCCH 3aMcIile-
HHA. [IpM BBeJCHHM mnpHMECER ¢ BAACHTHOCTBRO, OONbLUCH
BAICHTHOCTH OCH. 2TOMOB PEILETKH (JIOHOPOB), KOHLEHTPUIHS
3NEKTPOHOB TPEBBLULIACT KOHUGMTDALMIO LIPOK M OIYHPO-
BOIHHMK HMEET MPOBOIMMOCTE h-THIA (Haup., T. p. As B Ge).
B pOTHBOIOIOKHOM Cilyude BBEICHHS dKleHTOpOH TOYHpPO-
BOJIHHK HMECT UDOBOAHMOCTS P-THIA (T. p. Al B S

Oranuuc Mexanuy, ¢cBoHCTB T. P. OT CHOHCTB YHCTBIX MCTAT-
0B 3AKMOMACTCA B VOBBIHICHHM HPOYHOCTH B PE3YIbTATE
W3MCHEHHS [UC/IOKAMHOHHOA CTPYKTYPbl H BK/IYCHHUA pa3il
MEXaHH3MOB B3aUMOJICACTBHSA JHETIOKAINHA C PACTHOPEHHBIMH
aTomMaMH (cM. Jucaokayus). Bo3sMoxHbL 2 MexaHH3Ma B3i-
HMMOJCHCTBHS JHCIOKAIMH ¢ HDUMECHBIMHM ATOMAMU: Ja€pen-
neHue (6NOKHPOBAHME) HEHOABHXKHBIX JIMCIOKALMA M BO3HMK-
HOBEHHE TPCHHS PH JIMKEHHH JUCTIOKanmid. M3Menenne ve-
X4HMY. CBOMCTB MMEET MEETO MpH OTpbIBE ABHXYUIMXCH
JACI0KAIHE OT aTMOCepb! HpHMecel (¢M. Cnaassr). Hasnune
Aasibhero n Gnmknero Hopsaka B T. p. IPHBOJMT K JONOINHT.
YIIPOUHEHHIO.

Cueeprcen /. M., Hukonscou M. E. CIpykrypa
Bl TBCP/LIX PRCTBOPOR, UCP. ¢ anfit, M., 1964; dmuueckoe
MC LLII0BEICURE, NCP. ¢ adrit, 3 u3a., 1. 1—3, M. 1987 Xuuuarty-

pau A, T., Teopus Qu30BeIX NpeBpalliendi K CIPYKTYPA  TBEPUBIX
pae1sopon, M.. 1974: Uscponosa B. K, Kaunenbcou A, A,
Brwxnnii HOpsuok B Tsepaplx  pactpopax. M., 19770 Vman-
cxkuit 4. C., Craxos Y0, A, ®muxa merannon, M., 1978; 3pen-
pefix I, Wsapn JI., DnekTpoHaus CTpYKTypd CIUIABOB, HEp. C L.,
M., (979, [Tacmukos B. B, Copoxun B. C., MatepHanm iek-
rponHo TCXBHKH, 2 w3, M., 1986; ®usxens B. A. Cipyxrypa
CBEPXNPOBOUALIMX cocuuuentid, M., 1983; E¢umosa H. H., 1lou-
KO8 . AL Txaveuko H. B., Qa30Bblii ICPeXOM LAPAMAIHE [HK —

OKHCITAX,

CHMHOBOE  CTCKIO0 B pu3BABICHHBIX d)cppumarﬂu'mmx
208. . Dunens.

OKDTd», 1990, 1. 97, B. 4, ¢.
TBEPALIA TEANIA —cm. Teaui maéposii.

TBHCTOP —upsiMas BO BCIOMOTATEILIIOM KOMILIEKCHOM
TPEXMEPHOM MPOEKTHBHOM MPOCTPaHCTBE T, MCIONBIYEMOM
AT PEATIH3ALIHH Munrogcko2o NPpOCMPARHCMAA-8DEMCHU. Towus-
vie T. meepeso P. [Tenpoysom (R. Penrose) B xon. 1960-x rr.
MHoroofpa3ue BCeX KOMIUIEKCHBIX NPAMBIX B 7' 3aBHCHT OT
4 KOMILIEKCHBIX {IapaMETPOB; TOYKAM MPOCTPAHCTBA M"HKOB-
CKOTO OTBEYAET HEK-DOE HX NOJMHOXKECTRO (CM. HHMXE), 3aBH-
caulee oT ‘iCTblpéX BEILECTBEHHBbIX TIAPAMETPOB. HCTpMBKaJ’lb'
HBIM SIBJIAETCS MPHBIICHEHHE KOMILJIEKCHOH reOoMeTpHH (TBH-
CTOPHOro npochaHe’rHa) Ald pﬂGOTH € BCUIECTBEHHBIM
NPOCTPAHCTBOM-BPEMCHEM.

MHOXCCTRO BCEX (IPSIMBIX B 7' WHTEPIPETHPYETCA KK KOM-
mickcHuumporannoe ¥ (xoHPOPMHEO) KOMAAKTH(HHIHWPOBAH-
HOE NPOCTPAaHCTBO MHHKOBCKOro. OHO MpeACTABIAET CaMo-
CTOAT. HOTEPEC B CBA3H C AHAJTIHTHY. HPOJOIKECHHEM TEX HIIH
HHBIX (1)“3. BEJIHYHH, N¢PBOHAYANIBHO 3a/1aHHLIX HA NMPOCTpaH-
cTBe MunKOBCKOTO, B KOMIINekcHY0 obnacTs (Hanp., B Tpy6y
Oy/ytero MM Hponuioro). EBKIHAOBO YeThlpEXMepHe Tak Xe
ECTCCTBCHHO PCATIM3YETCA, KdK HCK-PO€ MHOXECTBO NPAMBIX
B TBHCTOPIIOM HPOCTPAHCTBE, B DE3YJILTATE HETO HA TBHCTOD-
HOM A3BIKC y[lOGHO TOHOPHTL O MNEPEXOaE OT JIOPEHUOBBIX
TEOPHH K EeBKTHAOBLIM (CM. Egxiudosd KeuHIMOBAA MEOpus
not. ‘7). Ha s3bixe TIPAMBIX HHBapH'AHTHbIﬁ TeOM. CMBIC]T HMEET
kOH(bOPMIas CTPYKTYpd Ha MPOCTPancTBe MHHKOBCKOTO: TOU~
KH HaXO/IATCA HA HYJIEBOM DACCTOAHHH (KX COCAHHACT CBETO-
BO# .’ly"l) TOrAa ¥ TOJIBKO TOrAa, KOraa COOTBETCTBYHOIIHE HM
TIpAMBIC B TBICTOPHOM NIPOCTPAnicTBE HEPCCEKAKOTCA.

(pyll;'lli\'lcll'l WJIbHAA HACA l'Ieruy'sa 3AKAHOUYACTCA B TOM, YTO
MCPBUMHOR (H3. CTPYKTYPOH sIBISETCA HC CTPYKTYpa 4-Mep-
HOFO NPOCTPAHCTBU-BPEMEHH (MHHKOBCKOTO), & KOMILIEKCHOE
reHcTOpHOE Tpéxmcpre 7. COOTBETCTBEHHO TBHCTODHBIE K-
BHBAICHTHI ¢M'¥. BEJIIMYHH OOKHbI AOHYCKATH GOJ'lee npoCcToe
OIHCAHHE, 49eM CaMH 3TH BEJIHYHHBL. [10 3TOH HACONOTHH
UCK-Pbi€ (bn's. HOJIEBBLIC YP-HHS WMCIOT YHCTO AHATIMTHY. TIPH-
POAY! dldlorH (b"]. BEJHYHH, NCPBOHAYAIBHO 34JaHHDIC KAK
AHAAWTHY, ODBCKTHI Ha TpéxMepuu (TBHCTOpAX), HYTEM Ka-
KOTUO-TO BApHANTA HHTET PHDOBAHHA IO [IPAMbIM IEPEHOCATCH
Ha ueThipéxmepue M. [IpH HHTErpaIbHOM UPCOBPAIOBAHHH
AHAJIMTHY, 061:C|(TOB oT rpéx KOMIUIEKCHBIX HEPEMEHHBIX
B (HATIHTHY. 06'LCKTH orT '-lCTblpéX BEIICCTRECHHBIX HEDEMECHHKIX
JOMKHO BOIHHKATL OJIHO yp-HHC Ha obpaz HpeoGpa3oBaHHA.
Ha BOIMOXHOCTH rakod WHTEpHDETALHH (H3. HONEBHX Yp-
HHA M OCHOBaHA TBHCTOPHAA l‘lpOl"paMMa neﬂpoyad

IIpocTeiiylo peaausalldo TBUCTOPHOMH NPOrpaMMbl JAI0T
YP-1UHA, OTUCLIBULIOUIKE GSZMBCCOBbie HONSA (B 3ABACHMOCTH OT
CHHHA 3TO HJIH CKa1ApHOC BOJHOBOC YD-HHE, HIIH CHCTEMa
yp-uui Makcseil1a, win yp-auc JIpaka — Beiins, win nuse-
APU3OBAHHOC yP-HMe DHHINTERNU H T. 1.). beaMaccoBuiM To-
JIAM Hd TBHCTOPHOM TNPOCTPAHCTRE OTBEYAOT PELICHHHA HCK-
phix oBoBmenuit cucremsl yp-uuii Komwn—Pamana (8-koro-
MOHOFHH). XoTa 9TOT MATEM. UGBCKT H He ABAACTCH 3JICMEH-
TapHbIM, [ €ro H3YHCHHA HMEETCH paSBHTHﬁ annapart
B KOMHJICKCHOM 4HAJIH3€, H BO3HHKAET MOY4YMTENIbHLIA H He-
'lpMBHHﬂbelﬂ HDHMCD [PHMCHCHHA KOMIUICKCHOUO aHAMH33a
K U3YHCHHMIO BCLICCTBCHHBIX AudbepeHu. yp-HHE. DTH pe3yib-
Tatbl HOCAT CKOPCE XapaKTep MiLTroCcTpaLuy obmel uacH [Men-
pOY3d, HOCKOJIbKY OHH HE BHIXOAAT 3a IpeAcJibl HOBBLIX Hpel-
CTABJICHKA peIrucHuit IuHciHbix quddepenu. yp-uHai ¢ HOCTO-
AHHBIMH KOPPRUNCHTAMA.

Onnako ‘T. oka3aauch TIONEIHbL IIPH W3YYEHHH HETHHEHHBIX
$u3. yp-uui. P. Yopa (R. Ward) 1 M. Ates (M. Atiyah)
TIPHMEHH.TH SI3bIK T. k NOCTPOCUHIO HHCMAIIMOHOE — ABTOAY-
AIbHBIX pelueHuit yp-uus STHra—Mumnca (eM. Anza—Mun-
wa noas). UHCTANTOHb! (PEIUEHHS YP-HHS IyalbHOCTH) pac-
CMATPUBAIOTCA HA €BKIH/A0BOM HeThIpéxMepud. Ha TBHCTOp-
HOM MHUFOUGPH']HM HM OTBCYAIOT KOMHIIEKCHBIC BEKTOPHBIC
PAccA0CHUA. "JTa CBAIB TIO3BOJIHJIA, B KOHCHHOM C'-IETC, AaTb
OIECAHKHC AHCTAHTOHOB {reopema ATbH—XHTUHHA
(N. Hitchin)— dpuupenpia—Mannna]. Sapk T. okasaics
yA00CH TAKKC UM MIYMCHHS NAp. KJIACCA DEUICHHH yp-HHS
MunNca — MacnumubLx MononoAci.




Eing oaHo HaHpasicHHe B npumenenun T. ¢Bf3ano ¢ pac-
CMOTPCHHEM HCKpMBJ{éHHOI‘O NpPOCTPAHCTBA-BPEMCHH. Tlnoc-
ROE HPOCTPUNCTBO-BPEMS HHTEPIPETHPYETCH KaK MHOF006pa-
IHC HPAMDIX, ROITOMY €CTCCTBEHHO OXMAATb, YTO KAKHE-TO
CrO HCKPHBJEHHBIE BCPEHH MOTYT OMTh DEanu3OBaHbi Kak
HCK-Phie MHOTOOOpPA3Hs KPHBLIX Ha TPEXMEDHLIX KOMHIICKC-
HBIX MHOl'OOGpu]HﬂXA MHOYU()GpﬁBHH < p"MaHOBOﬁ METpH-
KOH, Y/IOBIETBOPSAOUICH yp-HHIO JHHINTEHHA B BAKYYME H 10-
NOAHATCABHOMY (KOH(OPMHOMY) YCIIOBHIO aBTOYAaTbHOCTH,
KAHOHHYECKH PEAJIH3YIOTCH Kak MHOI'OOGP’d:)Hﬂ KPHBBIX Ha
HCKPHBIIEHHOM  TBHCTOPHOM TPEXMEPHOM  MHOI00Gpa3HH.
VYenonue ABTOAYAJIBIIOCTH COCTOHT B TOM, YITO aBTOAYAIbIlAA
4aCTh TeH3opa Bei#ing pasHa nymo. TleHpoy3 sBHO onucan
[€0M. CTPYKTYPbI Ha HCKPHBJICHHOM TBHCTOPHOM MHOTO0Gpa-
Y. IKBHBAICHTHBIC ABTOAYATbHBIM PCIIEHHAM Yp-HHA DHu-
uITCHiHa (MPABO-TLIOCKHM MCTPHKaM). OCH. MOMEHT COCTOHT
B TOM, 4TO CEMEACTBO KPHBBIX B OKPECTHOCTH KaXAOH KPHBOR
IKBHBAIEHTHO CeMEHCTBY NpAMBIX C TOYHOCTBLIO [0 MAaMibIX
3.ro HOpAOKd MaloCTH. TBHCTOPHOC OHHCAHHE TIO3BOJIHIO
NOCTPOHTDL GOMBLIOS YHCIIO ABMLIX PELICHHR YP-Hus DiHTeit-
Ha (ABTONYATLHBIX).

Ipupeném Teneps Hex-pHic spuble §-nu, Mycts T=C P> —
TPEXMEPHOE KOMIUICKCHOE NIPOEKTHBIOE NPOCTPAHCTRO. Bre-
A€M B HCM O/IHOPOIHbIE KOOPAHIATH 2= (2g, 2, zz, Z3), T. €.
z#(0, 0. 0, 0); xoopaWHATLI Z=(2q, Z;, Z2, Z3) H z_(Xzo.
Az, Az,, AZy) OTBEYAIOT OMNON M Toi xe Touke CP’=
Mpsmeie / B T MOXHO 321aBaTh MAPOH WX TOUEK (z, W), z#lw
HX MHOX€ETBO M 3aBHCHT OT 4 KOMIUIEKCHBIX napameTpos.
Ha €M BO3HHKAET KOMHIEKCHAS KOH(POPMHAY CTPYKTYpa M3
YCIIOBHA, YTO NpAMBbIE, TIEPECEKAIOIHE TIPAMY IO /. HAXOAATCH
OT HeE Ha HYJICBOM DPUCCTOSHMH [06pasyloT KomIiekcHbli
cBeropoit koHye € V() ¢ Bepiunoi B /]

PaccMoTpuM B 7 BELMECTBEHIYIO THNEPNOBEPXHOCTL (3P
MHTORY KBanApHKY) T, 3a/laBaeMyro yp-HHEM

H(z) z?
Mosepxwocty T, nenut T Ha 2 obnactu T, rae dopma
H COOTBETCIBCHHO ROJIOXHMTenbna (oTpHilaTenbHa). Toraa
MHO¥ecTBO M JIPAMBIX. LIEJTHKOM JICXKAILUHX HA Tﬂv 3aBHCHT OT
4 BEMECTBEHHBIX NIAP4MEIPOB M OTHOCHTENLHO YK43aHHOH
KOHGOPMIIOH CTPYKTYPBt SBASCTCH KOHPOPMUOH KOMIAKTH
¢ukaliuelt npocTpauctBa Munkonckoro. [lns /e M xoHychl
V(=MNCV () npambix U3 M, nepccekaromux /, ABnsioTc
CRETOBLIMH KOHYCaMH. HTOGb MOMYyHHTL OOBIYHOE HPOCTPaAH-
crB0 MuHKOBcKOro M, Haflo HUKCHPOBATSL HEK-DYH) HPAMYKO
1., Ha T, (Hamp., 321aBAEMYI0 YP-HHAMM Zy=Zz,, 2,=23
uBelbpocuTs V{1, ) u3 M (1. ¢. M cocTouT ua nipsimbix ma Ty,
Be Iepecekaroliux /.. ). [Tpameie, jexamme B obnactax T,
COOTHETCTBEHNIO 0BpatytoT na CM TpyGur Dyayiuero u npo-
moro.

Yrobut Broxuty B €A €BKIMAOBC KOMNAKTHOUUMPOBAH-
Hoe (KOM(OPMHO) H“eTHIpEXMepuc —cdepy S*, paccMoTpHM
B T MHOXECTIO l'lpﬂMllX COCNUNAIOIMIHX TOYKH BHIA (.,0‘ Sy
23, Z3) M (~Z,, Zg, 3. Z2). Takue mpambic JauDO HC
nepecekaroTest, 6o cosmanaloT. T. 0. BOBHMKACT paIGHETHC
T=CP* na HeHEPECEKAKOLIHCCH TIPAMBIE (DACCAOEHHE).

Jlerko mpocneMTh AcHCTHHE 2pynn Ha BCE OMPEACNEHHbIE
BIIIe rcom. 06bekThl. Ha mnoroo6pasue npsambix €M ncpe-
HocHTes Ackcrhue rpynnbl SL(4, C€) wpockTuBHBIX npeob-
pasosanuit npoctpanetea T=C P>, Oueuano, 4To onu ABNS-
0TCE ABTOMOP(MIMAMH KOHDOPMHOH CTPYKTYpPhI, OMpeje-
néiroit wa € M. Tlonrpynma SU(2; 2) HpoexTHRHEIX Hpcob-
PasOBaHHM, COXPAHSIONINX KBAAPHKY To, HHIYUKPYET rpynmy
xohthopmMiLIx 1Ipeobpu3oBanmii TpocTpaHcTBa MUHKOBCKOTO.
Moarpynna s SU(2; 2), coxpanstonias npamMyto !, Hopoxaa-
e flyankape epynny nBMOXEHWH HPOCTpAaHCTPa MMHKORCKOTO
M. Ecnu pacoMoTpeTs B SU(2; 2) noarpynimy, coXpansioinyio
HE TOAbKO TIpAMYIO ., HO M ewé oanmy npsamyw /o, He
nepecckaromyro /,, W exawyo mna T, (nanp., Ip=—z2a,
Iy=—23), TO Ha M NOTYYHM KJIACCHY, NpeacTaBicHHe Jopern-
ya 2pynni.

Eemu B CP* BMCCTO 4-TIAPAMETPHYECKOTO CEMEHCTBA MpS-
MHIX PACCMOTPCTH  8-NapaMCcTpHYCCKoe CEMEHCTBO  KPHHBIX
2-10 MOPSIKA, TO B HEM MOXHO OMUCAThH HOJICEMEHCTBA (3aBH-
eAllHC OT 4 BELICCTBCMNBIX MAPAMETPOB), HA K-PBIX PCASTHIY-

solP |zl -z *

FOTCH 4BTO/IYANILHLIE PEMICHUSA YP-HUSA FHHITERHA W 118 YIHX
METPHK MOXHO J4Th NBHbI€ BhIPAXKCHHSA.

Teopust T. He TOJILKO HO3BOJIHIIA WPHMEHHTb HOBhIH MaTeM.,
aNMHAPAT K Pa3ll. 3aJa4dM TEOPeTHY. M MaTeM. (PH3HKH, HO
H HMETa ceph{3HOE OOPATHOE BIMSAHAC Ha MAaTEMATHKY, HPEK-
AiC BCero B 06nacTH 4-MCpPHOH TOHOJOTHH.

Jum.: TAHCTOpBL K KaJiwGpopotuisie noas, C6. cr., uep. ¢ anci, M.,

1983; T'uuaankns C Komnnexcusiit mMup Pomxkepa Tewpoysa,
p ¢6.. Maremarnka ceroons, K., 1983, c. 16; Menpoya P, PHun-
nep B., CnuHOpw M NPOCTPABCTBO-BREMS, NICp. C Al ., 1988.
C. 1 Fndurun.
TBA (0T «TeSUTOBBIICTAFOINI INEMEHT? ) -— OCHOBHOI 3J1€-
MEHT A0epiu2o peakmopd, B K-pOM HAXOUTCH S1EPHOE TONITH-
BO, #0epHoe 20pouee U TCHEPUPYCTCS TCIUIO 3a CHET deaenust
ndep. Hanb. pacnpocrpanensl TBIJIbI B BHAC TOHKHX {Ha-
MCTP HECK. MM) CTCPXHe, HPOCTHPAK)IHMXCSH HA BCKO BHICOTY
AKTHBHOH 30MbI DEAKTOp4. AKTHBHAS 30MA COAEPKHT Thi-
cguM oaHOTHHHKIX TBDJIoB, 0Gpasyrofliux HpaBHJILHYH pe-
wéTKy. MeXxy HHMH NPOKAYMBAETCH OTBOIAIIAN SHepruio
TENJIOHOCHTENL (KHAKOCTL Witk ra3). B TB/Tax ucnonsayercs
MeTarndeckuit U (nerupoBanHbIl JUTH TOBBITIEHHA CTaOHIIb-
HOCTH) HiM okuciakl U B BHAE kepaMHK, HHOPIa ¢ j106apkoi
Pu. Taxke NPUMEHSIOT T. H. IMCTIEPCHOHHOE TOMIHBO,
B K-POM KPYHHIIbI TONTHBA BKTIOYAIOTCS B MaTpHIly H1 HC/le-
JIANIErOocA MATEPHATA ¢ BLICOKHMH TCONTONMPOBOTHOCTSHIO H Pit-
JAHAIHOHHON €TOHKOCTHIO (CM. Puduayuonnas cmoixocns ma-
mepuaios). TepMeTHunan 06onouKa NPeNOXPAHEET TOITHBO
OT KOHT4KTa ¢ TeHnonocuteneM M npuaaét TBIJly neob-
XOIMMYIO MEXaHH. TIPOUHOCTL. MaTcprat 060104KkH (CHIABH
(UHPKOHHUA, TIEPKABCIOWAN CTATE H JIP.) HMEET MH3K0E CeveHnHe
3aXB4ATA HEHTDOHOB T. H. PEAKTOPNOro cmekrpa, obnamaer
XOpOlilel COBMECTHMOCTBIO ¢ TOMJIMBOM H TEITOKOCHTENEM
B paboyeM HNTEPBAJIE TEMH-P, MAN0 WIMEHACT MEXaHWY.
croficTpa B ncHTpoHHOM noac. Ko Beem Matcpuaiam TB los
TIPEALABIAIOTCA BLICOKHE TPECOBAHHA K UHCTOTE, B HEPRYIO
ouepenk OTCYTCTBHE TpPHMECEH, CHIILHO MOTNONIAOIIMX Hel-
TPORHb.

IMapamerprr TR/l mepreruy. peakTopos: pabouas Bepx-
HeA Temn-pa (TeMH-pa 060JOYKH) LA PCAKTOPOB C BO/IAHBIM
Tennonocurcnem 300 °C, s pcukTopoB ¢ kuiakum Na
apubi. 600—700 “C; 1. M. THHERHAS TeMAOHAIIPAKEHHOCTD 10
500—600 BT Ha | ¢M JUTHHBI CTEPKHS; BBHIFOpalHE TOHINBA
(1017 BLITOPEBIIHX K KOHIY PabOYEro ncpuoaa aroMon Tom-
JIHBa) B TETUIOBRIX PEakTOpax 3—5%, B GBLICTPRIX PEAKTOpPAX
7—10% (1%  BbIr ODAHHA  COOTBETCTBYCT BeIpaboOTKE
10* MBT - cyT Tennosoif sneprau na | T Tomwmsa).

4 5 2

TBJI BuicTporo peaktopa: J— yYacTOX aXTHBIOM 0Bl (sTepnoe
TONANBO); 2, 3-—TOpUCBble 3KpaHbl (0GCaHEHHLIA ypaH); 4 —rajo-
cOOPHHK: 5 — 06ONI0MKA (IEPXRABCIOUIAR CTANK).

Ha puc. w3sobpakén cxematuy. paspes TBIMla 6wicrporo
pcakTopa (cM. Peakmop-pazmioncumens). B uém kpome ax-
THBIIOH YaCTH, coJiepXallielf A1cproe TOIIHBO, HMEIOTCH TOp-
UEBBIC IKPATEl W3 O0CAHEHHOTO yPaHA JUIS YTHIIHIAUMM [IOKH-
JIAIOUHX AKTUBHYIO 30HY HEHTPOHOB, @ TaKKe MOJIOCTH IS
¢6Opa BRIXOASIMX HX TOMNIHBA OCKOJIOYHBIX TA30B /N CHUKE-
HHA BHYTP. JaBJCTHA NPH FAYGOKOM BHITOPANHH.

Iocne NOCTHXEHRHS NOMUHATILHOIO BLIFOPAMHMS H OKOHYA-~
HUst Kamnamuy (paboyero nepuona) TBIAMLE BLIT pyx)aroTcs M3
peakTopa M 3aMeHsIoTCA. JIIMTCIBHOCTE KAMIAHWH HCHHCIS-
erca BpemecHeM paboTui peaktopa B Hepecuére ma MOy
MOIOHOCTb M COCTABJINCT MECKILI HITH TOAL. VBETHUCHHE KaM-
TIAHUM M, CIEOBATELHO, BHITOPAHHS OFPANHYCIIO YXY/ALIETH-
€M CnocOoGHOCTN TO/UIEPKUBATL LIETHYIO PEAKUHIO JICIEHHS
M3-33 BHLITOPAHHS TOTIMBA M HAKOTUICHHS TOTJIOWIAIONHX HCH-
TPOHbI OCKOJIKOB M onacnocth paspyruenus TBa nox e~
CTBHEM [UTHT, WHTEHCHBHOTO ODJIYMEHHA M BBICOKOH TeMI-phl
B peakTope. JONycKaloTCs COThie (MITH THICAMHBIE) JOIH NPO-
UEHTE BEPOATHOCTH Bhixoaa TBM1a ny c1pos.

Jum.: Onannep J., TeopeTHuecKue OCHORBI lennoamuenxmlum
JUIEMEHTOB AICPHLIX peakTopos, M., 1982. 0. A. Kazauxogexud.
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TERNOPA

TEANOPA PAJ—creneusoit PAL, OIHCHIBAIOUIMH IORC/IC-
HHe NAaHHOH ¢-1tuH f(X) B OKPECTHOCTH 33JAHHOH TOMYKH.
Touree, eenn f(x) B TOUke X, HMeeT BeCKOHCHHOC HHCIO
fpoH3BOHLIX, TO €€ T. p. HMecT BHT

i/f‘i‘ﬂ(

1] ‘«Yn)k- (x)

k
T. p. na3pan no Hmenn b. Tefinopa (B. Taylor), ony6iinko-
Basiero paa (s) B 1715, TIpu xa=0 T. p. 4acTO NAIBARAIOT
panoM Maknopena.
Ecn# f{x) WMeeT B TOUKC Xy NPOH3ROJHBIC BHIOTH 10 N-To
vopAjKa, TO

e oy(x—xo)/|x~xq|"—=0 npu x—x, (§-na Teitnopa ¢ ocra-
TOYHBIM YneHoM B dopme IMeano).

Ecnu f(x) B Hek-poM WHTEpBane, COICPXAILEM TOMKY g,
MMEET HENPEPhIBHBIC NPOH3BO/IHBIE 10 NMopsiika N+ |, To juis
MOBO1O X U3 ITOTO UHTePRANA

719= £ o)t R,

[/le ANS OCTATOMHOrO 4N€Ha Ry(x) CylIeCTBYET TECKOJhKO
IKBHBANCHTHDIX HPEICTABICHHHA, KAakI0O€ H3 K-DhIX MOXCT
6MTh yIOOHRIM B TOR HIH HHOH KOHKPCTHOH CHTYALMH.
B H4CTHOCTH,

x

T (=) et

——OCTATOUIILIH Yniel b HUTEIpambHOR dopMe;
__‘\,0)~+| /(N4 ”(X[)+9(\"7‘70))
(N+1)t
0<o<1)
—ocTaTouHbi# uieH B Gopme Jlarpauxa,

RN(X):(,‘»__YO)N“-[f:!,‘,‘%("_l’) (107,

(0<b<1)

—0CTATO4HBIH 4Nielr B popmce Ko,

OcolenHo BaxHy10 posib T. p. HTPACT B TCOPHH aHLIPIte-
cKkux dytkyusi. ITa posb ONPEENAETCH CICIYIOUINM yTREPK-
nenHeM. Tlyctes f(z) romomopdua B kpyre {z:)z—zo|< R}
Toraa B 3TOM Kpyre

NPHYEM P B MPaBoit yaACTH 3ToH ¢-nbl cxomuTed abcomoTHo
H paBHOMepHO B Jo6oM kpyre {z:|z—zy|<r} mas moboro
r<R. B uacTHoCTH, ecnd f(z) ronomopdHa Bo Beei KOMILICKC-
HOH NIockocTH (1lenas ¢-1ua), To e€ T. p. CXOAHTCA K HCH

. abCoONMOTHO BCIOjIy B 3TOH TUIOCKOCTH, IPHYEM CXOJIMMOCTH
' paBHOMEPHA Ha mo6om OTPAHHYEHHOM MHOXCCTRC.

JIum. cM. 1IpH CT. Anasumuvecxa dynkyus. 5. U 3asvaa00
TEKCT Y PA — npesMyLICCTREHHAS MPOCTPAHCTBCHHAS OPHCH-
TAUHA KPHCTANNHY. 3EPEH B NAAUKPUCHIAAIAX HITH MONCKYN
B AMOPDHBIX CPENAX, HCUOKUX KPUCINAAAAX, NOAUMCPAX, OUO0-
2uNMeCKUX KPUCMaA4ax, IPHBOJIAINAS K aHH3IOTPOHHH €BOHCTB.
TepmanoM «T.» wacto 06O3HAAIOT TakXKe CPENy, 3NCMCITHI
K-poit ofmajtaloT ykasaHUbIM cBofcTBOM. T. obpaaylores
B NIPHPOIHBIX YCIIOBHSX (MHNepasibl, GHON. TKAHH) H MOI'YT
6BITh NMONYMCHBI HCKYCCTBCHHO, HATIDHMED, NOJTHKPHCTAJUTBI
®3 OPHEHTHUPOBUHHEIX WrONLYATLIX WK NNACTHHYATHIX 3E-
pen, osexmpemsi, COCTOSIIHE W3 OXHHAKOBO HATNDABJEH-
HBIX IEKTPHY. JHNONCH, Mard, MatcpHaist H Ap. O6paso-
pauue T. CBA3AHO ¢ AefiCTBHCM BHeLl. WM BIYTD. €W, BhI-
ILIDAOLINX NPEANOYTHTENBHYIO OPHEHTALMIO KPHCTAIOB W.IH
MOJIEKYJT, K-pble 00Na/al0T AHW3OTPONHEIMH CBOHCTBAMM.

OpueHTHpYIOMIee NeHCTBHC MOTYT OKA3hIRATL MCXAHHY., TCHi-
JOBHIE, 37EKTPHY. W MarH. 1tons. T, po3HHKaoT UpH daszonbix
TIEPEXONAX, KPUCIMAAIUIAHLUL, PEKPUCINALNI3ayI, MATH. H CCT-
HCTOIIEKTPHY. HPEBPALIEHHSX, AJCOPOUMH, IIUTAKCHATRHOM
HAPAIMBARKAY (CM. Dnumiaicua), BAKYYMHOM U JICKTPOTUTHY.
OCARACHHH, MEXAHHY, ROBACHCTBHSX Ha METAILTHI H TIONTHMCpPhI
H T. 1. Xapaktep T. onpeensiercs ycaoBHAMHA €€ MOTYuEHHS .
Tak, TIPH PEKPHCTAILIM3ALME MET4UIoB Ha T. BIMAIOT TCM-
1IEPATYPHBIA  PEKHM, NPeanccTBylomas obpaboTka, conep-
xauue Hpumeced. [pu schopMarmu momumepos T. wyner-
BuTeILHBL K opMe ofpaiia, Temi-pe w ckopocti fedop-
smauun. Hamuune T. BIMACT HA MCXATIHY., MICKTPHY.. MaTH.
H 71p. cBOHCTRA MaTepHa1oB. Hanp., npotTHOCTh TEKCTH.ILHBIN
ROJIOKOH B 3HAYHT. CTEMCHH OBYCIONICHN WX TCKCTYPHPO-
BAHHRIM COCTOSIHHEM.

Pasuaror ocepble T. (IpemoMTHTENBHAS OPHEHTATIHA DTTe-
MCTITOB OTHOEHTCIILHQ OJIHOTO BBIZENEHHOTO HAMPABICHWA),
IIIOCKHC (OPHEHTAlHS OTHOCHTENBHO ONpPE/eH. IIOCKOCTH)
H HOJHBIC (HAJHYHC BBUICICHMAIX IJIOCKOCTH H HEK-POFro Tia-
TpABITeHHs A Heii). BoimMoxuo obpa3josanue Caownbix T
¢ HCCK. BYstanu oprenTatil. Ueenenonanue T., sxmowaromer
ONpee/ICHUE Pa3MCPOR H B3AMMHOK OPHEHTAITMH MCMEHTOR,
OCYIICCTRIIACTCA PEHTrEN0-, HIeKTPOHOTPAHY. H ONTHY. Me-
TOJAMH.

Psn encumaihHo NPHTOTORNICHHBIX TEKCTYPHPOBATIHBIX Ma-
TCPUATOB HPHMCHSETCH B TEXHHKC —IbE3OKEPUMHKH, 371EK-
TPCThI, CTEKJTOAOIOKITHCTHIC APMUPOBAHHEIE BHICOKONPOYHBIC
MATCPHANBI (CTEKIIOTUIACTHKH), 110.1.2poudel W3 THIICHHO JIMXpO-
HYHBIX MOMEKYT (cM. JIuxpouim), OPHEHTHPOBAHHO PaCNOI0-
KCITHBIX B PACTSHYTHIX OJTHMCPHBIX [LIEHKAX, KCPAMHY. BBICO-
KOTEMIICPRTYPHBIC CHep.XnPOSNONtKie

Aum.: Wy6nunkos A. B, Tlhezoonexrpaveckne Tekerypnl, M.—
JI., 1946: Bann Y., Tekerypa 1oaAMepoB, B KH.: BojioKsa B3 CH
TCTHYCCKHX NOAHMEPOB, noll pei. P. Xuana, nep. ¢ annr., M., 195
Kyapssues H. IT., Tekcrypnl b Metauax i consaX, M. 1965

3. M. Dnuanein
TEKCTYPA MATHUTHASE — cM. Macnumuas mexemypa.
TEKYYECTD —cBOHCTRO Tell NIACTHYCCKH MM BSIKO JC-
hOPMHPORATHLCS MO/ ACHETBHEM AMPSHKCHHA, XAPaKTepH3yeT-
cs BeTHuMHOl, 06paTHOH ea3xocmu. Y BAIKHMX Cpen (Ta3oB.
*WIRoeTCH) T. TPOSRIACTCA MPH THOALIX HANPSKEHHSX, Y TIIa-
CTHMHBIX TREPMBIX Tell -~ ITb IPH HANPAKCIHAX, TIPEBRINTA-
routnx npcien T,

VY pasn. epesi cymecTRy OT pa3nbic Mexaiuambl T., onpese-
SIAIONTIC COMPOTHRICHUC TEM TUKICTIYECKOMY HIH BAIKOMY
TeucHHIO. ¥V Ta30B mexaHusm T. cps3an ¢ TIePCHOCOM MM-
IyALCa M3 TCX CNOCB, T/I6 MMECTCH TIPCoGIIaTaloNnee apinke-
HHE MOIIEKYT Ta3a B HANPABIEHHH TCUCTIHA, K CTOAM, ¥ K-PhiX
3TO JIBUKEHHC McHbIIle. Y xHykoeTeR Mexanuam T, mpeacTan-
nacT coboif mpeobnaalonyro auddy3uio B HAPABIICHHH JieH-
CTBHA HANPSKCHUA. DICMEHTADHBIM AKTOM TIpH 3To# udipy-
IHH ABIACTCA CKAUKOOGPAIHOC TICPEMEHCIHC MOIICKYITBL HIIH
APkl MOTICKYTT THOO CErMEHTA MAKPOMOINCKYAAPHON TICHH (y
BRICOKOMOTIEKYASPHBIX BEILCCTD), COMPOROK/IAIONICECH (epe-
X0JIOM ¥epc3 3uepreTuy. Gaphep. Y KPUCTAIIHY. TBEPABIX
ren T. cBARIBACTCH € IBWKCHHEM DAl Posia j(EPCKTOB B KPH-
CTanNax: TOMCHHBIX (daKaucutl, MEX0y3mu#), THHCHHBIX
(Oucioxayuity W OOBEMHBIX (Kpayouonoeg), TEUCITHC MOXeT
OLITE OOYCTIOBIICHO JeONUKORAINEA!, BLIZBAMHLIM HATIPSKCHH-
cm. [IPOUCXOTAMICE BO BPCMEHM TCHCHRE METAINIOR TIPK BRICO-
KHX TCMI-Pax, HOITHMCPOB H JIP. 3. NQIZYHCCbio Mamepit-
108,

C spicngMu T. IPHXO/IMTCA CTANKMRATRES Kak Ha 3cmie,
Tak W B kocMoce. Ha 3emune T. upossnserca B npeiide Mave-
PHKOR, I106aTBHBIX TEKTOHMY. POIICECax, PHGTOrCHEIE, ABH-
Keuusx B atMocdepe U ruiupochepe, ABHKCHHAX LOPIBIX Mac-
CHBOB, TCYCHHHU NeinukoB. B Texmuke ¢ sniacwuavn T. cTanku-
BAKOTEA, HATIP., IPH JIBHXKCHHH TA30B N XHKoCTeH Mo Tpy6GaMm
H B aNNapaTax pasil. TIPOU3A0/ICTB, B TPYGOIPOBOIHOM TPaHC-
TIOPTE NYTHLN TIPH BHITIOJIHCHMA 3EMISHBIX PaboT ¥ B rOpHbIX
BBIPAOOTKax crocoboM ruApoMexanmsanuy. [hTaeTud. Teyc-
HUS 1 MOSI3YHICCTh HMCIOT MCUTO B PA3IL. MICMCHTAX KOHCTPYK-
(i, pabOTAIOIIMX TPU BHICOKHX HAFPY3KAX, NIPH HITOTORIC-
HHUH HYICTWH ciocoBamu MTAMIOBAUNS, KOBKIL, TIPCCCOBANHS,
STMTBS TION JIABICHHEM, TIPH CIEKAHWH MOPOIIKOB.




DENOMENNINIIYECKH TEOPAY TEHEHUS DA3jl, MaTepHaiioB
CTPOHTCA Ha OCHIOBE OOBIMHBIN B MeXdHUKe (HAOWHDLY Cped
AOTYHIENUSX 06 0HOPOIHOCTH. CTITONIHOCTH W M30TPOTHOCTH
Tea. [HmoTess W30 PONHOCTH  OKI3BIBACTCS HCHPUMEHHMOH
K MOHOKDHUCTALTAM TREPIR X HCUICCTS H HeuOKUM Kpuemaa-
A, OPHEHTHPOBATHBIM TIOJIMMEDUM, KOMHOIUYUOHHBIM Md-
mepua.ius ¢ HONMOKUHCTLIMA HANOTHUTETAMH, HCK-PBIM TIpH-
POJTHBIM AMIEPHA DM, IUI BCEX HHY NOETPOEHKI TEOPHH aHH-
sotpomsior e teny. Croficrea T, BA3KOCTH  OMHCHIBAIOTCA
COOTHOMEHUAMD . CRITLIMAOUNMHA HAMPAKEHHS H CKOPOCTH
nedopmaniy B oyupodcxauuke BI3kod xAakocth T. cunTa-
CTCA TICHBUCHMO 01 1IPH.TOKENHOTO K4CITCTBHOTO HATIPSKE-
Hus (11 acoPMalisx ¢/IBACA) WM T4 BJICHHA (pH nedopma-
X oGnéma). JIng nermromonoeckux weudxocmen T. H3MeHs-
CTCA B IAHMCHMOCIW 01 KACA1CTBHOTO HANPSKeHHS (npu
AeHOPMATHAX CARHIA) WIW TRACHUS (1IpH eopMaTHaX 065-
Emi). Jlst Tes B COCToATHE Moa3ydecTi HetnHelHbie cooT-
HomeHus. onpeetsioniue T, 3audchBaloTes 8 BHIEC KHHETH-
ueckuX IMfbepentn. it HNTer PUTLHEIX  YP-TiHi, COrNMacno
K-pbiM UZ COCTOANHC Teda B AUHHBUT MOMENT BAMSCT Tipe-
ABICTOPHA HAHPAKCHHO-C(OPMUPOBANTIOro cocTosHus. Tak,
npH ¢aABUre T. BOIPACTACT ¢ POCTOM IPU.IOKEHHOIO KACATENb-
HOTO HAUPA¥EHHA, 1IPH PACTIKEHHA € POCTOM HOPMATbHOTO
Hampsikctm T maget. JABHKEHHS MAaKPOMOJIEKYIIAPHBIX 11€-
el MPU [eICHnY BHICOROMOICKYIISIPHBIX COC/IMHCHHA (B T. 4.
TOIEMUFOR) HATTOMIHAIOT JIBHKCHUA NMPCCMLIKAIOIINXCS HPH
MX HEPCMETCHIAY UL a3, PCTTATAMH.

Ocobo anwokyie T. ¥ ICIHA IIPH TMIKHX TEMII-PaxX, HA3RAH-
Hyto ceepymeryiecmeto, yeranown I J1 Kanuua (1938), e€
dus. reopuie nocipons JI. . Jlaunmay (1941).

Jum.- NManaay 7L [, Tadmau E. M., Tunpoaumamuka, 3 wax.,
M. 1986 @penkean S0 W, Knirernqeckas 1copus *uakocteit, Ji.,
1975 Putarun 1O, (., Mexaika AChOPMHUPYEMOTG TBEPUOTO Te-
T, 2 wee, MoOLORED Wen 11K e Maen okeimmnra B dudsike
JOIMMEPOL, TIEp. v Al , M. 1982 Petnrsan A, R A first course in
fluid dypamics. Camb . 1985 H. . Manmun.

TENEBUAEHHE — 06acts B Haykc H TCXHHKE, CRA3AHHAS
C mepuTiueH 1A PRcCToNmMe  WIOOPAKCHHA  HETO/IBIKHBIX
HABIDKYNINCS 06BLEKTOR 3§ HCITOALY[OMAA PATHOIIEKTPOH-
Hple yerpoitersa. Vlepenaua moGpaxeHni npCACTapAsSeET Co-
Goll 1OC I TOBATENBIOCTE 1PEX (I3, TIpoteccon: Hpeobpas3osa-
(e CHETORGET WICPIHH OBRCKTR B NICKTPHY. CHIHAT (AHATH3
WIOOPAKCHUA Y, NCPETaua YACKTPHY. CHTHANA 110 KaNdly CBA3M
OT HCTOUHHKA K TIONY ATCA0; NPeoBpaioBaAHUe MMCKTPHY. CHI-
H&iia B #300paXCHIE (CHHTEY HI0DPaXEHNS).

Oct mpuariusoy T ABASETCA HICH TOCCIONAT. epefayl
w3obPAKeHA MO WIEMERTAM, TIPENIOKEHHAs HEe3aBUCHMO
B 187980 A ;s Tadinod (A. de Paiva) u T1. 1. Baxmernbe-
BoiM.  OTpak€namil pnk H3nydI€Habld  KaXAOW AETanbio
0fbCKTA CHCTOROH MOTOK 06patyeT M30OpaKenHe, HIMEHAIO-
IESCS BO BPEMCHH: KX Tl RTEMEHT M306paXeHus XapakTe-
PH3YETES HIMEHHIOUIMAHCSH BO RPEMEHH TPOCTPAHCTBEHHBIMHU
ROOPABHATANI X 1. %, MIHOBEHHBIMH JHAYEHHAMH ADPKOCTH
L W upcTHOCTH (ONPEAeTACMON 1BETORBIM TOHOM A M HHCTO-
Toii NBeTa p), T. ¢. onucriBacrest G-imeit Fi(L, x, y, z; A, p, 1)
{em. Keaopustempus. Heent)

DIACMCHTOM HINDBPAKENHST B ICPCAALOIICM YCTPOHCTBE Ka3.
YHACTOK 1300paKCHHS, B IPEEAX K-POrO DPOUCXOIHT ycpes-
HCHUC OCBETICHHOCTI B MpoTecce ¢ Npeobpa3OBAHHA B JIEK-
TPHY. CHIIAN, B MPHEMEOM yCTPOHCTBE —CBETOBOE TIATHO,
ABPAIOBANHOC CPOKYCHPOBATHLIM DIEKTPOHHBIM JTyHOM, 60
MHHHMA:IBHASL ABTOHOMIO YIIPABIAEMAS HacTh IHCKPETHOTO
H306paKCHAA.

HaoGpasxente, o6paloRinioe COBNKYIIOCTHIO 31EMEHTOB,
B T. H43. Ka/ipOM, HPONCCC NOMICMEHTHOH TICPenayH xaj-
pa—pa3BépTroii uso6paxcHus, ofpa3oBaHHoc B pe-
IARTATe PATREPTKU  11ONE HIOOPUAKEHNI —TENeBHIHOH -
HBIM pPacTpPoN. UHETo DAcMEHTOB W HOCIEN0BATEIBHOCTD
(GOPMHPOBAHHA  TENCBHI. PACTPa  (CTAHAAPT  PA3JIOKEHHA)
OUPEASIMOTCA UAIHAUCHAEM CHCTEME] M yCIIOBHAMY eé pabp-

B B TClIeBEUaNMH B BO MHOMMX CICIHMATH3KD. cucTemax T.
HPHRATA JIMHERNO-cTpounas pa3pépTka, T. €. paskpTka ajle-
MCHTOB ¢ NOCTONHHRIMW HATIPABJICHHMEM M CKOPOCTBIO BAONB
OIHOH CTOPOITKI Ka(pa (pa3BépTKa CTPOKH, HIH CTPOMHAs
pa3nePTRAY H © HOCTOTIHNH CKOPOCTHIO ¥ePEAOBAHUA CTPOK

U Kadpa B 1esToM (kaaposas pa3séprka). [Ipn jiMHCHHO-CTpOU:
HOJi pa3BCPTKE CTAHIAPT PA3JIOKEHHA XA PAKTEPH3YIOT YHCJIOM
CTPOK B TENEBH3. pacTpe () M HHCJIOM KAApOB, T. €. HOJHBIX
u306pakennii 8 cekynay (1). Ecan nonyyarenem HupopMaumu
B TesieBu3. cucteMe (TC) ABageTcs 4esoBCK, HMCIO KajpoB
B CEKYHOY [OJDKHO TIDEBBILIATH cBoﬁCTBeHHym 3PEHHK) KPH-
THY. YACTOTY CITMAHHA MENBKATHIA ( fy,y). 4TO OBecTICHHT He-
TPEPBLIBHOE H HEMEITBKAIOLUEE BOCTIPHATHE H306PAXEHHI.
AHanu3 (nepeaaya) ¥ CHHTE3 (MPHEM) M300PaXCHHUS JIOJIK-

HbI OCYNICCTBIATHCA CHHXPOHHO H CHH(}A3HO, YTO 0GeCTcunBa-¢

eTCs TMPHHY/IHT. CHHXPOHH3AUMEH Da3BépTok. TOHHOCTE CHH-
XPOHH3ALMH H NMOCTOAHCTBO CKOPOCTEH PA3BEPTKH MO CTPOKE
H TIO KajApy ONpPEAENdOT TOYHOCTh BOCTIpDOM3BEICHH A u300-
PakCHHA H I'¢OM. (KOOPIHHATHOE) COOTBEYCTBHE HIOODAKEHHI
#a Bxoje TC u Ha e€ Bbixone. TC sxmouaeT B cebs kOMIUIEKE
TEXH. CPEe/ICTB, HEPEYEHb M YCTDONHCTBO K-DBIX 3aBHCHT OT
HaIHAYeHHA CHCTeMbl. B 0BOBMBHHOM HHJIe, XapaKTEPHOM 1S
nrobo# TC, OCH. YCTPOMCTBA M WX B3aHMOCBA3b IPEACTABIICHB
Ha pHC. |

Puc. 1. OG06uEHAAA BYHKUROHAILHAA CXeMa TeneBHIMOHHOM cHeTe-

Mbl. [ —06bekT Nepesaun; 2— ONTHYECKOe YCTPOHCTED; F— npeco-

PAIOBATENb (CBET — CHIHAMY, 4 — YCHIHTENb-QOPMHPORATEI HOIIO-

ro curBana; 5, /7 — palRépTaIBalOLIEe YCTPOHCTRO; 6 —IreHepaTop CHH-

APOHHINDYIOIUMYX ~ BMIyJIbCOB; 7-—K4BAl CBA3M, & — ycuiurenh

M CEIEKTOD CHIHATIOB; 9 —HpCcOBpaloBaTent «CHrHai-—cpeT»: f()—
ToNTydaTeNb HHGOPMALHH.

TlapameTphl TejleBH3HOKWHOr0 H3oGpaxenus. Wanywarowmit
(CBETALNHMCS) HAH OTPaXKaAKOLIHH BHEIU. CBETOBOH NMOTOK 06®H-
€KT MOXeT ObITh npenctapneH Q-umeit apxocta Lix, y, 2z, A, 1).
Tenesus. usobpaxenne (TH) 3Toro ofbekTa Takke Npe/AcT4B-
NS0T Kak d-umio gpkoctd L (x', ¥, z', &', ) nu6o xak d-umio
ocpemiéuHOoCTH E(x', »', 2, X', 1) B Xoopanmarax (x', ¥'. z')
nipocTpaHcTBa H306paxeunit. Onepatop P{-}. orpaxarommii
COOTBETCTBHE CBETOBLIX XapakTepHcTHk TH K 0BnekTa,

P{L{x,y,z, A, ()} =L(x", y', 2" X, 1}

IUtA MOBOR peasbHOM OTOOpaXarowed CHCTEMBbl OTHYEH OT
€ANHHLBL (P(-};él), T.€. BCETAA HMMEIOT MECTO HCKAXKECHHS
B HpeoOpa3oBaliHM TIPOCTPAHCTBA 0OBEKTa B APOCTPANICTBO
uzobpaxeHHs.

N306paxkeHus MOTYT GbiTh HIMENAIOIUIMMUCA BO BPEMEHH
{IMHAMHYECKHMH) HIIM HEH3MCHAIOIUMMHCH (CTATHYECKHMH),
OOBEMHBIMH WIIM HIIOCKHMH. B 3aBUCHMOCTH OT A pa3yiuyd-
FOTCS TpH TPYHNbl H300paMeHMH: LBETHbIE, aXpOMATHYE-
CKHe H MOHOXpOMaTh4eckue. [To CPABHEHHIO C UBETHbIM #306-
paxeuHeM, A k-poro L=L(x', y’, z', X, {), cexTp Himyue-
HHS KaXXAOTO 2IeMCHTa aXpoMaTHY, HBOGPaXCHMﬂ O/THHAKOB,
T.e. L(X')=const. MOHOXpOMATHY. H3OOPNKECHHA—HacT-
HEI Cly4all aXpOMATHMECKHX M MMEIOT Y3KHH CIEKTD Kax-
JIOTO 3NIEMEHTa H300PaXeHHA OKOJIO LIEHTP. AJHHBl BOJIHBL
B T. te HaknaablBACTCA OTpaHHuCHRH Ha oBIACTH onpenee-
HHA G-uMH  L(X), H300DaXCHHSs MOTYT pacCMaTPHBATHCH
B peHTr., Y®-, punumor, HK- u ap. obiactax cmekTpa o1.-
MarH. HMTY4eHHSA.

@-uus APKOCTH (WIH OCBELIEHUOCTH) BCETA4 -KOHEMHd H
TONOXUTENbHA, T.€. 0K LKL oy, TAE L~ MakKc: ap-
XOCThL B TIONe Mao6paxenus. P-LUHIO APKOCTH MOXHO npei-
CTaBHTh B JHCKPETHOH (OpMC, Haup. TIOCKOE aXxpoOMaTHi,
CTATHY. H30OpakeHHe MOXET ObITh TIPENICTABJICHO B BHAL MdT-
PHUBL #, X1, T.€. L=L(i, j), toe i=1, .., n. j=1, .., ny:
TAKOe u306pa)|<e1-me Tia3. JHCKPETHBIM € YHCIIOM 3J'leMEHTOB

n=n,xn,. B uidpossx cucremax T. mpu obpaboTke H30-
OpaXeHMH HCTIONIbIyeTCA  KBAHTOBaHHE (-UHH  APKOCTH:
L={L,, .., L}; 9acTHsIA cy4aii KxBaHTOBaHHOTO H306paxe-

HUS — IBOHYHOE H30Opaxenue, L= {0,

TMpruunnb popMupoBanus TH, ero mapaMeTps), Kdk W ma-

pameTpsl TC B Lenom, A0TKHbI BbITH COTIIACOBAHBI ¢ Xapak-
TepHcTHKaMK 3peHHs. ITpH onmpeneneHur xavectsa TH ouenn:
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BaeTCA ero MoAoOHe BXOJHOMY ONTHY. H300DAXKEHHIO HIH
H306paxeHHlo 00bekT4, HAOIIOQaeMOMY HENOCPEACTBEHHO
[1a30M, T.€. OTiIHYMe onepatopa P{‘} or |. Jdus monyde-
HHS KoJMuecTB. oteHok TH u TC mcnonb3yioT HIMepseMble
napamerpst: popmat uioOpaxenus k=ih (tne [—um-
PHHA, h—BbICOTAa M300paXCHHS); pa3MEp, ONpE/enseMblit
npu 3amanHoM (opmate k BeicoToi TH (h) Hau JHaroHansio

(D); apxocth L, oueHMBaeMas OBGbIYHO 1O MaKC. HAPKO-
CTH L, OTA. Y44CTKOB H300paXEHHS; KOHTPACTHOCTI
niobpaxens K,=L .c/Ly,, HIM OTHOCHT. KOHTpPACT

K=(L g~ Lo}/ Luage (1€ Lgyge 1 Ly — SPKOCTH CaMOTO
CBETJIOro U caMoro TéMHOro yuacrkoB TH); u€rkocTb, onpe-
AcnfgeMas YHCIOM YCIIOBHLIX HIIM pCA.IbHbIX JJIEMEHTOB pa3-
noxenus N=kZ? (rie Z—4HCIO CTPOK pa3IOXeHHs, k—
dopmat); ans  auckpeTHoro msobpaxenus N=n,xn,;
HOMNEPEYHdA H NPOAOJIbHASN YETKOCThL ONPENCIIAIOTCH YHC.IOM
JNEMEHTOB Ha BBICOTY W iumpmuy TH; peanvhas u€rkocTs
(nonepeyHas M NpPOJOJIbNAA) MIMCPAETCH MAKC. YHEIOM
4EpHBIX H OenbiXx JHHHH, BOCIPOM3BOAMMBLIM Ha 3aJ4HIOM
OTPEe3KE C 3aJaHHBIM KOHTPACTOM] OTHOLUCHHE CHI'H&LH/I.U}’M
Yy=U./U,, rtae U,—pa3Max currana. U,—o0pd. 3savenne
GIIyKTyal. MOMeXH (IS OLEHKH BOCTIPHATHA MOMEX INA30M
HCOGXOJXMMD 3HATh TAKAKE pacTipeagneHne cnenpanm{oﬁ 10T~
HOCTH MOIHOCTH NOMEX); XapakTep BOCNPOM3BEAEHHS rpajd-
1A ADKOCTH (Y-HCKaXeHHS) B Npe/enaX APKOECTHOro JHHAMHY.
AHanda3oHa, OHCHHBHCMHﬁ M0 CTENEHH OTIIHYHA OT JHHeHHOro
H3IMEHEeHHs CTyneHeil rpafanuii apkocti B TU mpa auHeiiHom
3aKOHE H3MCHCHHA B HCXOAHOM "306PH)I(CHHH; IBETOBOCIIPOH3-
BECTINE, XAPAKTEPHIYCMOR HIMEPSEMON B KOJOPHMETPHY. Ean-
HHIAX CTENEHbIO OTJMuMA LBETHOCTH B THU oT uBeTHOCTH
TEX X€ Y4YaCTKOB HCXOIHOro HZ!DSpa)I(eHHﬂ; HEPABHOMEPIOCTh
BOCTIPOM3BEACTIHA 110 oo TH y4yacTKoB, HMEIOLIHX OXHH-
AKOBBIE SPKOCTH B HCXOAHOM H30OPAXCHHH: T€OM. HCKAXKEHHS.
XAPAKTEPHIYIOUTHC TOUYHOCTL Bocnpou3seaennst 8 TH koopan-
AT OTA. JNEMCHTOB HCXOAHOrO WIODpAXKENHS,

IMpu xapaktepucTuke TU B psaze ciysaeB Hemomwbayercs
MHTErpajibHas OLEHKA KAYeCIBa H30OpaXeHHA MyTEM CPABHC-
HHA €ro C BXOJHBIM H30ODPaXeHHEM B OJIHHAKOBLIX YCJOBHSX
HHGJ’IK)}JCHH)L C arol UEJbHO BBOAATCH KATErOPHH TOXIECT-
BEMHOTO, (HIHYECKH TOUHOrO, (HIHOJIOTHYECKH TOUHOIO H
TICHXOJIOTHYECKH TOWHOTO BOCTIPOW3IBEACHHS (]'IOCJ'ICIIHCC xa-
P4KTEPHO 14 NPCACTABACHHS NpH uépHo-6enom T. peaabhon
MHOTrOUBETHOH ClICHDI).

HOHOJIHHT- TdpaMeTpbl BBOISITCH TPH OLCHKE K44CCTBA
TH, npenctasnstowero coboit rpatdmueckyo, 3HaKo-uH(pPO-
GyKBEHHYI0, CHMBONBHYIO, ABYX- HJIH MHOPOIP4AAIHOHHYIO,
AXPOMATHYECKYIO WIIH \[BETHY1O HHpopMaumio. K TakuM ma-
paMeTpaM OTHOCATCHA: YHCIO IJIEMEHTOB, HCHONL3YCMbIX OJ18
$OPMHPOBAHHE 3HAKA (YHCIIO CTPOK HA 3HAK, IEMEHTOB
B CTPOKE Hd 3HAK M T. 11.); OPMa CHMBOJIOB H [JIMHA AJipaBHTA
CHMBOJIOB, HCTIONb3yeMbIX HPH (opMHpoBannn TH; uucio
LBETOB H HX CHEKTPAJIbHBIE XAPAKTEPHCTHKH NPH BH3YdJIbHOM
KOJAMPOBAHHAH MHDODMALIWH LBETOM; HENPEPLIBHOCTbL JIMHHA
HDH BOCHPOH3BE/ICHUH [COM. QHIYp, KOHTYDOB, Tpacc M T.1,
OTpesicsisieMds CTPYKTYpOH TeIeBH3. PA3BEPTKH HIIH YHCIOM
INMEMCHTOB B JHCKPETHOM TH; 4HCIIO M pPA3IHYHMOCTDL pa-
Il'cl].[llﬁ APKOCTH, HMCHOJB3YCMbIX AT BH3YdaJIbHOIO KOAHPO-
BAHHSA, H Jp.

Tpu necnenopanun TH © Liebio HIBNEUEHHA KOIHYECTBCH-
HOH HH(popMAIHH 06 O6BEKTAX, ABICHHAX H HPOLECCEX, MPO-
TCKaMOHIHX B HOJIC HaﬁﬂK)HCHHl, TPOBOAATCA AHAIH3 H 06-
paboTka THU. B GONBLIHHCTBE CiyyaeB HPH ITOM OTMAJaeT
HCOGXO}[HMOCTB HCXO/IHTh HPH OlIEHKC KdYCCTBA M306pa)I(CHHﬁ
H3 CBOHCTB 3PUTENILHOH CHCTEMBI uciioBeka. THIHYHBIMU napa-
meTpamu TH, ucnonb3yemMbiMu npH ux aHanusc 1 obpabotke,
ABJISIOTCA: FHCTOTPAMMA PACIIPE/IC/ICHHS APKOCTH HJICMCHTOR
H306paXeHns (HPAMAA HJIH HODMHPOBUMHAS K OBLUCMY YHCTY
3J1€MEHTOB); TIOLAAL O6BEKTOB IPH HX KNACCHOHKALHH; TeK-
“*CTypa-—MNpPOCTPAHCTBEHHAA OPraHH3AUHS JIEMEHTOB B TIPC-
JeIaX KOHEMHOIO y4acTKd HBOGPH)I(EHHH, ONHUCBHIBACMdd ONpc-
OEN. CTATHCTHY. XdPAKTCPHCTHKAMH DACNPE/ICIICHHA APDKOCTH
HNH LBCTHOCTH; KOPPEIfill, XAPAKTEPHCTHKH H30OpaXCHUM,
B T. Y. MEXCTPOYNAS H MEXKAAPOBAas KOPPEIALHA.

TeneBH3HORHBIC CHCTEMBI M ycTpoiicTBa, Kommunckc peura-
TenbHoO#M TC BKtodaeT B ¢e68 (pHC. 2) HPOTPAMMHbIE TENCLCH-

Tpbl pasn. ypoBua (/, 7, 9), Ha3zeMHble MYHKTbI CHYTHHKOBOH
CBS3H (2, 5, 6), paauopeneHIble JIMHAT NPIMOH BUAHMOCTH (&)
M kabenbHble MarucTpanm (/2), CiyTHHKH CBA3H (3, 4), Tene-
TIePEATYHKH, PETPATNICIUPYIOLUIHE CHIHATILI TPOrPAMMHBIX Te-
JELCTITPOB HA TpaHHlax 30Hbl yBepeHNoro mnpuéma (70),
annapatypy kabenbHoro TenesHaeHus (/1), MHIMBHIAyamb-
Hbl€ CTyTHHKOBLIC NPHEMHHKH (/3). Ceasb Mexay TC pasn.
rocynapcts (Mutepeunennc, EBpoBHAEHHE) OCYILECTBISET-
CH Yepe3 MEeXAYHAPOIHBIC PA/HODETICHHbIE IHHHH, A TAKKC
4epe3 CNyTHHKH cBsi3H («Monmuay», «Mnrtencat», «[OpH3OHT»
H Op).

Pnc. 2. Cxema cHCTEMBI Te-
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Ana obcenevenus TeneBeulanucM B PoccHH uenonbayror
KOCMHY. PETPAHCIATOPH 2 THIIOB—HA JLIHHTHY. opOuTax
{c amoreem 40 ToIC. KM U nepHreemM 500 kM; THR «Mosanus»)
H N4 TeOCTALHOHAPHOH OpOHTE (B IUIOCKOCTH DKBATOPA C BbI-
COTOH OK. 36 Thic. kM; THR «IOpH3IOHT»). B nepsom ciyyae nns
obccneueHHss HCHPEPBIBHOMH CBA3H HA OPGHTE OLHOBPEM. JOJIXK-
HO HaxOAHTHCA HECK. CNYTITHKOB, H aHTCHHA HaBCMHOﬁ CTaH~
[IHH, OTCJIEXHUBASA HX NE¢PEMCEUICITHE, TEPEKJIIOYAETCs ¢ OANOro
HQ JApyro# HO Mepe BLIXOAA H BXOAd CNYTHHKOB B 301y
pﬂ}JMOBH}JHMOCTH. CﬂyTHHK 2-ro THHA HaxoAHTCHd B OHpEAell.
TOYKE IKBATOPHANbHOH OpbHTHI (6c3 yuéra ectecTs. mpencc-
CHH), MOITOMY HA3eMMNas aHTCHHA NOCTOSHHO HAIPABJICHA HA
HETO, ﬂpHéMHblC CTAQHLIHH 3HAYHTEJIBHO HPOLUE H JCUICBIIE,
YpOBEHb CHrHana crabuned. HenmocraTox 2-ro BapHaHTa,
¢ y4ETOM 0cOBEHHOCTEH TCPPHTOPHH POCCHH,— HCBO3IMOX-
HOCTh TCJICBH3. BCELIAHHA Ha CEBEPHbIC paﬁOHM, AT 4€TO
HCNOIb3yKOT CNYTHHKH I-ro THOA.

IlporpaMmubie TenenenTpsl H peTpanciIsTopsl pabortaror
Ha YKB B McTPOBOM H JICLMMETPOBOM AHANa3oHaX. B 6bib,
CCCP juis_ TencBellaHHs ObUIM  BbIAETEHB HANA30HBI:
48,5+66 MTu (xanane 1 ® 2); 76=-100 MI'n (xanaas 3,
4u5); 174+ 230 MI'u (kanams! 6= 12); 470+ 622 MI'u (xaHa-
bl 2] +39); 6225958 MITu (kananw 4081, B T.4. KaHaILl
52+ 54 nas maHuHA «KocMoc» — «3eMisi» CTALHOHAPHBIX CIIyT-
MTHKOB); i1 JTMHHUIA CHYTITHKOBOH CBS3H, HCIIOJIb3YCMBIX TAKXKE
NS Hepefavd MHOTOKAHAJbHLIX TelacdOHHBIX COOGILECHHUH,
unpporok HHMDOPMAlHMH, Tenerpadubix H ¢oToTenerpadbix
CHI'HaIoB, ObUIM OTBEACHbl AHANA30HBL: - 620+ 790 My
3484 I'Tu; 11,7+12,5 I'T'u; 40,5+42,5 I'Tig; 8486 I'Tu;
ANIA JIMHUH HOJAYH CHIHANOB TEJENPOrPdMM Ha CIyTHHKOBbIE
PETpanc.ISTOPBl ObLIH BbIACAEHH modockl (I'Tw): 10,7+ 117;



14,0+ 14.5; 14,5+ 14,8: 17,3+ 18.]; AHAN430HLI YAaCTOT BbIHIE
15 I'Tn HaxoasTes HA CTAXHM OEBORTIHA.

Puc. 3. CrpykTypHas cxema
HPOrPAMMHOTO  TCJIEBH3HOH-
HOTO LCHTPa.

G iz

CTpYKTypHasi CXeMd TNpOTPAMMHOTO TeNeneHTpa (pHc.3)
BKJIFOYAET KOMILIEKCRI; ANMapaTHO-cTy auimeif (ACK]), koncep-
BaUHH W moaroTopku Hporpamym (KITIT), nepeaBHkKHBIX Tesic-
cradumit (ITTC) u cranHonapueix TpaHcusl. nynktos (CTIT),
annapatHoif npuéma nporpamm ot IITC w CTIT (AT
# YKB-pagnoctanunit (YKBPC).

TPAKT H30BPAXEHAA

Tlepesarman
TEB xamepa

BKY

NeKTDOHBH.
AOHCKATENL

Npeasap:
YCHAUTERD

Nuneanwia |8 ACK
yeunwTens

YCAAMTEND

il

o APy W APYTHX Kamep
JRALLTLA AN

K ApYruM KamepaM
TPAKT IBYKOBOT® CONPBOXAEHHA

Tereparop [
cTpONH KA rese; :m
pos.pazeéps parep

MuxpodoH. K YKBPC

YCHAUTENL

DwvaiHeH
youakTNL

o1 ApyTHX
MArHMTOOKOB.

OT APYTHX
MNKPODOHOB

MarnnToton

Puc. 4. CTpykiypllag cXcMa Oepeiatolleil 4acTH MOHOXPOMBOR CHC-
TeMbl BEUIATENILHOFO TelleBH/ICHHS.

Tpaxt Betateasroro T. HMeeT OTA. TPAKTHI nepeayun Hio6-
PAXKEHUA H 3BYKOROTO COHPOBO)K}ZIEHIUI. Ha pHC.4 TIPHBE/ICHA
YIPOWEHHAA CTPYKTYPHAsl cXeMa IlepeAatoklledf 4aCTH MOHO-
XPOMHOM CHCTeMbI BemaTenbHoro T. CHraal u3obpaxcHus oT
nepeaaoieil TPYOKY NPEABAPHTENILHO YCHIIHBARTCH HENOCPE-
CTBEHHO B TeJIEKAMEDE, JATEM B NPOMEXYTOYHOM H JIHHEHHOM
YCHIHTensx ocywecTeasercs obpaboTka ciuruana (MpoTHBO-
mMyMOBas, ANepTypHas W Y-KOPPEKI{HA, BOCCTAHOBJICHHE TO-
CTOAHHOH COCTABIAIONICH), 4 Takke (bOPMHPYETCH TNOJHBIH
TeNIECHT Hall. B MUKILIEPHO-KOMMYTHPYIOILIEM YCTPORCTBE OCY-
WECTBIAMOTCH (hOPMHPOBAHHE NPOTPAMMBI, BbIGOP Nepcaa-
folle# KaMepPhl (MIIH BHAEOMATHHTO(OHA). CMELICHHE (BBITEC-
perHe) n3o6pakenn#t. C BbIXOAA THHCHHOTO YCHITHTENS BHIEO-
CHTHAN HOCTYNAET B UEHTP. ATNMAPATHYIO H [NAJICE HA pa-
AHONEPCAATYHK. CHraan 3BYKOBOTQ COTIPOBOX/CHHN B BELA-
TemsHoM T. Poccun nepenagres Ha HecylleH, pacioNoxeHHOR
BBILIE HecyleH u3obpaxenus Ha 6.5 MT'u 1 Moy THpOBaHHOH
N0 YacToTe.

Jns Hepedaun wuBETOBOM WHGPOPMAIMH MOTYT ObiTh HC-
NOMB30OBAHBI CHTHAIB! TPEX LBETOAECICHHBIX H300paKeHHH
(Eg. Eg, Ey), NpOTIOPIUHOHANILHBIC SPKOCTAM KPACHOTO, 3€.
HOTO H CHHETO HBETOB COOTBETCTREHHO. OHaKO B CBAIH ¢ HE-
OGXO}IHMOCT!:K) BBITIOTHCHHA yCﬂOBHﬁ COBMECTHMOCTH BellA-
TeMbHLIX eMcTeM YEPHO-Gestoro H LpeTHoro T. W COKpalueHHs
noiocel, TpcOyeMoH AN Hepeaadu TPEX CHTHANIOB, B COBD.
cHeTemax 1peTHoro T. popMHPYIOTCH M TPARCIHPYIOTCS SIPKO-
CTHBIi (4&pHO-OeNblii) H LBETOPAIHOCTHBIE CHTHAJIbI.

TpeGoBarKe COBMECTHMOCTH BKIIIOYAET TPH YCJIOBUS: TIPS-
MYIO €OBMECTHMOCTB — BO3MOXHOCTE HOPMaJIbHOTO I'lpHCMd
LBETHBIX MEPE/Iay Ha NPHEMHHKM 4épHO-6entoro T.; obpatuyto
COBMECTHMOCTbL — BOIMOXHOCTh HOPMaJlbHOT O npnéma uép-
HO-GEJ‘IHX Tepeaay Ha anéMHHKH TAKXE H [IBETHOTO T.: HPO-
(ecCHOHANLAYIO COBMECTHMOCTD — PABEHCTBO 110JIOC TIpONyC-
KaHMS B KaHANIaX CBS3M UBETHOH W ulpHO-Gemoit cuctem T.
Tlepenaua W MPUEM APKOCTIIOTO CHTHAJA, COOTBETCTRYIOILETO
craHAapry Ha uépHo-6enom T., ofccnedHBaioT BbIHOJNHEHHME

NEPBLIX ABYX YCIOBHM, 3 IBETOPA3HOCTHBIE CHIHANIBI 1ONYCKaA-
0T OTHOEHTENIbHO Go/iee YIKONOMOCHYIO Hepeaady 1iBeTOBOM
AHAOPMALIMH H, KdK C.ICAETBHE ITOTO, BOIMOKHOCTb YHIIOTHE-
HHS CTIEKTPa CHTHAIA M BHINOAHEHHE 3-TO ycroMst. CHrHa®
APKOCTH B COBMECTHMBIX CHCTCMAX

Ery=0299E+0,587E;4+0,114E, (1
OHpEACIIAETCA CyMMO" npome}m—mx TPETBAPHTEIIBITYIO Y-KOP-
PEKIIHIO CHTHAJIOB TpCX llBeTO}lCﬂEHHHX HSOGPd)KEHH“ € BECO-
BBIMH KOXp., PABHBIMH ADKOCTHBIM KO3(). COOTBETCTBYIOIIHX
UBETOR. B OTE4eCTB. CHCTEME BEILATENBLHOTO 1BETHOTO T. He-
TOB3YIOT LBETOPA3IHOCTHEIE CHTHANBL

Ep y=Egp—Ey=+0701Exg—~0.587E;—0,114E},
Ep y=Ep—Ey=—0299E2—0,587E;+0.886E,,
YHCJIEHHO OTPENEIACMbIE PA3HOCTbIO CHTHA.I0B COOTBCTCTBY-
FOIMX [IBETOMENEHHBIX H3OOPAKENHA M APKOCTHOTO CHrHAMAL
TPETHH 118eTOPA3HOCTIBIA CHITIAN
Eg.y=Fg—Ey=—0299FEz+0.413E;—-0,114Ey
MO Kamajy cBsi3H He nepedaérces. OH onpesieNseTcs MaTPHITH-

POBAHHEM B TIDHEMHHKE H3 NPHTATHLIX 10 KAHAJY CBA3M CHI-
TAajI08:

2)

0,299
0,587~

L[BETOPA3HOCTHBIC CHTHANBI O6GNAAAIOT PAAOM OCOBEHHO-
creif: 1) Ipu paBHOCHrHAJILHOH TNepenayc 6etoro UBcTa (Eg=

0,114

0,587

Egy=— — Ep-v. 3)

=Eg=FEp) TIBETOPA3HOCTHBIE CHIHATBI B Henom
r-y=FEq.y=FEp y= ) MAKC. 3HAYEHHS LIBETOPA3HOCT-
HBIX CHIHAJIOB O Eq_y] 0,701 0<|Eg-¢1<0,413,

0<|Ey-+|<0.,886 menbine makc. 3HAUYEHHH CHITIAJIOB LBETO-
ACAEHTIBIX  M300paxeHMi 0< Fr<1, 0<E <], 0<ER<];
3) Cp. Pa3Max LBETOPA3HOCTHBIX CHTHAJOB CYUIECTBEHHO Me€-
HBINE MAKCHMAALHOT O, NOCKOIBKY NACHILENHE 1IBETA B M306'
PAKCHHAX BCTPEYAETCS OTHOCHTENBIO pelko; 4) LpeTopas-
HOCTHBIE CHTHAJIBI (€ Y4ETOM 0COOENHOCTEH 1IBETOBOTO 3PEHHs
4ej0Beka) MoOryT ObITh Tiepenanbl B ojiee y3KHX Homocax
YacTOT NO CPABHEHHIO ¢ CHTHAJIAMH H3MEHCHHSA APKOCTH LiBE-
TOXEIEHHBIX M300pakeHHI, MPH 3TOM BaXHO, YTO TMOJOCHI
CHrHaNOB (2) MoryT ObITh COKpalllgHbl NPUMEPHO B OAHHA-
KOBOH CTENeHH; 5) CHrHambl (2) yAoGHRI AN HCTONB3OBAHHS
B NIPHEMHMKE, CHTHAJBI LBETOACNEHIIBIX H300paXeHHH GopMHu-
PYIOTCH CYMMHDOBAHHCM I1BETOPA3IHOCTHBIX CHTHAJIOB C ApKO-
CTHBIM, YTO MOXET GbITh PEANH30OBAHO HETIOCDENCTBEHHO HA
MICKTPOAAX IBETHOT O KiHecKond.

YCIOBHS COBMECTHMMOCTH HyTEM Iepeladu SAPKOCTHOTO M
LUBETOPA3IHOCTHBIX CHTHAJIOB PealiIM3QOBAHBI B MHDE B 3 cran-
napTHbIX cucTeMax usethoro T.-—NTSC, PAL, SECAM. Cu-
CTeMbl OTJIHYAKOTCH APYT OT JIpYra cnocobamMu MOy SLHK
UBCTOBOM HO}ZIHCC)’LI.IC;L BHOOM llBeTOpﬂSHOCTHHX CHrHanos
H ouepEnnocTIo ux nepedaqH. Cucrema NTSC (National Tele-
vision Systcem Commillee) pazpabotana B CIIA, eé crannapt
upHHAT B 1953, ncnonbayeres B 32 cTpanax (CIRA, Anonus,
Kanaga, Mekcuka, FOxHag Kopes u pan ctpas FOxHoli Ame-
pHkH). PaspaboTannasn B ®PL cucrema PAL (Phase Alterna-
tion Line, co cTpouHonmepemenHoi $ha3oi) H cos.-ppanu. cHc-
Tema SECAM (Sequentiel couleur a memoire, Hoc1e0BaTCAb-
Hasl 1BCTHAN € TAMNTBIO) CTAHAAPTH3OBAHLI M MPHHATHI
B KCHNyaTanmio B 1967. 6 momupuxaunii PAL ucuosib3ytotcest
B 63 cTpanax Mupa (PP, Benuxkobputanus, Kurah, Wumus,
ABCTpHs M aAp.). 4 moaudukauun SECAM skcniyaTHpyOTCS
fonee yem B 41 crpane (crpansl 6biB. CCCP, Ppanuus, eTpa-
Hbl Bocrounoit Esponel, Erunet, Mpan, Mpak, Ipeuns, Hure-
pHs H Ap.}.

Ha puc. 5 npeacrabiena cXemMa (GOPMHPOBAHHS BHAEOCHT-
Hajla B Tepedalollel YacTH TpaxTa cucreMbl SECAM. Lipet-
Hasl TeneKamepa CONEePXKHT TPH TepefaollHe TPyOkW, n3ob-
paxeHHe Ha K-phle TOCTYNaeT ¢ OOBEKTHBA HYEpe3 JHXPOHU.
1BgTOM3GHPAT. (MHTCpdepenn.) 3epkana. B pasn. Bapuantax
LBETHBIX KAMED MOTYT ycTauaBiupaThes 4 TpyGxH. B 3TOM
cnydae 4-s TpyGka CIYKHT IUIN TIPAMOTO (POPMHPOBAHUS SAP-
KOCTHOro (4E€pHO-6enoro} curuana. McHOMb3YIOT KaMepbl
H ¢ MHOTOCHTHAJIbHBIMH BH/ITHKOHAMH.

TENEBUAEHUE
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HOTG ICTCPOaAHHA IlpMCMllllKH. T. k. cruan 3BYKOBODI'O CONIPO-
BOKICHHS MO/IYJHDOBAl MO YACTOTE, @ CHIHAl H305pake-
HHA —TI0 aMILVIHTY/IC, B KdHAJIC 3ByXa HcOﬁXO}lMMO HMCThL
OTPAHUYHTCIT,  YCTPAHAFOIUME  NAPASHTHYIO  aMILUIMTY/IHYIO
MOJYTAISHIO.

[TomuMo TpaxToB H30OpaKCHUS U 3BYKA TCHETPUEMHHUK
COACPKUT 650K POpMHPOBAHHA pa3pépTok. [ ynpasIcHUA
pa3BépTKﬂMﬁ C BH/ICOACTEKTOPpA NOJHBIA BH/ICOCHI'HAJ( TIOCTY-
N4CT HA CCICK1OD, BLUCTAIOIMHA M PA3ACTSIOMHA CHUHATB
CHHXPOHH3A1[HH Ka,‘lpOBDﬁ H CTpO"HOﬁ YaCTOTHI,

Prc. 9. Yupohnas GpyukIuonaibaag CxeMa UBCTHOIO [CICUHIH0OH-

HOFO LPUCMHKKA.

B upcraoM teenpuéMunke (puc. 9) HOUNE BHACOICICKTODA
BHACOCHTHATT PACHPCACHSNCTCH 110 JIBYM KdHA/1aM — KaHATY
carsata swpkocrd (KCS) u kamaigy CHCHWIOB UBCTHOCTH
(KCL)). CoBmcctHMbIi cHPHAN sapkocTH Ey ¢ Buixona KCA
NOCTYNIAET O/IHOBPEMECHHO HAa BCE TPH KATOMA KHIIECKOMA,
4 UBETOPAINOCTHRIE CUrHanbl Fgz-y, Ep.y, Eg.y ¢ BbiXOd4
KCH noaaioTcs Ha MOIYINTOPbI COOTBCTCTBYIOIIMX {IPOXKEK-
TOpoB. PaBoTa WICKTPOHHOTO KOMMYTA10pd COBMECTHO € JIH-
HHeH 33/ICPKKH B IBCTHOM Tenenpuémiuke cucteMbl SECAM,
HEODXOMMBIX LTI BOLCTAHOBJIC HAS NENPEPHIBHOM 11OCICA0BA-
TEJBHOCTH [IBCTOBLIX CHITIAII0B, NEPEJdBACMbIX YCPC3 CTPOKY,
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Pac. 10. ®yuxunonanrHas CXeMa HOPMHPOBANHA CHTHANOR LBETHO-
ctH (2) M BHJALL CHTEGUIOB UBETUOCTH (d) B MNPHEMLHKE CHCTCMLL
SECAM.

noscHsieTes va puc. 10. B IpuéMEHKax ¢ OGBIYHBIM MBCOYHBIM
KHHECKOTIOM HMIYILCH CTPOYHON H Ka/lpoBOH Pa3péPTKH no-
CTYMAIOT Takxe Ha Onok aunmammy. ceeaéums (BAC), rae
HpcoBpa3ytoTcs B TOKH NTHI006pa3HO-TIAPaboHY. HOPMAl, N0~
aaBaemsic Ha peryastop ceenchus (PC). B tesenpuéMHHKax
¢ Tpybkamu ¢ camocseaénueM BJ1C otcyrersyer.

Ilo xapaktepy peuaemaix 3aa4 TC MOryT 6mTe pa3jeneHi
Hd IPYNIbl CHCTCMBI HAGJFOAEHHMS, KOHTPONA K OOy4cHHA;
CHCTCMbI OGHAPYXKEHHA H BHIYTHIALUMH; CHCTEMBI AHANNI
1 06paboTku M3o6pakcHuil. CYLIECTBYIOT H JIp. KnacchpHka-
i TC: HO OBJIACTH NIPHMCHCHHSA (KOCMHYECKHE, MEAHMIMH-
CKHC, yueOHhie M Op.), TIO MAPAMCTPAM PA3IOKCHHA H CBETO-
TCXH. XdPAKTCPHCTHKAM (MAJIOKaAPOBKIE, CKOPOCTHbIE, CTIECKT-
pPO30OHANBHBIEC, BlleOKOﬁ Y4GTKOCTH H }Jp.): TIO THNAM KaHanom
CBA3H (3AMKHYTBIC M OTKPBITHIC); 10 BHAY HCTIONb3YCMBIX (o
TOIEKTPHY. NPeoOPA30BATENEH (I1.-MEXAHHY., INCKTPOHHLIC,
PCHTTCHOMY BCTBHTE/BHDIE i AP.); (10 MCTOLY MONYHEHHA UBCT-
HbIX H306paXeHHil (TOCTE/IOBATENLHEC H OJHOBPCMCHHbIE).

K umeny cHcTeM HabJoOeHHS M KOHTpons oThoestes TC
kocMuy. anmapatos (KA). VX MOXHO pa3icjiMTh Ha TPH
rpymmbr: {) TC ana nepeaaun Ha Gopt H ¢ GopTa TescHHdop-
MALHH Ha BCLIATENILHOM CTaHAApTC; 2) yikononocusie TC nan
nepeaasd H306pakenuii KOcMHY. OOBEKTOB H NOBEPXHOCTH
3eMitr ¢ apukymuxcs KA; 3) TC aig iiepenaid HCnoABHXHBIX
306 paxeHuid. [IepBbIe 110 TPHAIMTAM PeasIH3ALHME NPAKTHYC-
CKH HE¢ OTJIHMAIOTCS 0T HA3CMHOH BEIIATENLHOH 4EpHO-Oesol
M 1BETHON anmapaTypbl, 32 MCKJIKOYCHHEM TOTO, 4YTO NPH
[POCKTHPOBAHHH HOJDKHBI YYHTHIBATBCA 0cobbic TpeGoBaHHs
N0 HAZEKHOCTH, BO3MOXIOCTAM paGOTEL B IIHPOKOM /Hana-
30HC TEMII-P, B T. 4. H B OTKPBITOM KOCMOCE, 110 MHHHMH3AIKH
MACChl, TAGAPATOB, IHEPTOTIOTPCONEHHS, 1O W.-MArH. COBMEE-
THMOCTH ¢ Jp. cacteMamu KA. Kpome Toro, TpebyeTea Bbico-

K45 [MOMEX0YCTOHYHBOCTh KaHAJIa CBA3H, 4TO obectcunBacTes

OHTHMH3AUHKEH CHCTEMBI KOIHPOBAHHS TCIIECH HaJla.

TC 2-ro Buma JACHCTBYCT B MAJIOKaIpPOBOM DEKHME, T.€.

ICPCABIOMAN KaMepa PaGOTAET ¢ UMKJIOM, BpeMs k-poro T,
YCTAHABJIIHBACTCA PABHLIM BPEMCHH CMCHHI CMBICJIOBOTO CO-
IepXaHHs B HabUI01a€MOM H300paXEHHH (C HCK-PBIM Tepe-
KPbITHEM K‘d}IpOB), Bna 0dapf TOMY YTO MAJIOKA/|POBRIE CHC-
TeMB! HPH TIPOBE/ICTIHY MAPIIPYTHOH CbCMKH (B Hpouocee
npoaéra KA Hal H3y4aCMBIM P2HOHOM 3eMIIH HIIH KOCMHY.

06BEKTA) HMCIOT Pa3/ICABHBIC LUKJIbl IKCTIO3HUMH T, CUHTHI- -

BaHAA HHGOPMauMH T, H CTHPaHHA H NOATOTORKH MHIICHY
7., yaaérca HponopunoHaibno otHoweHHw T,/T, yMCHb-
HIMTh TIOJOCY 44CTOT K4Haja CBAIH. DTOT BbIMIPbEUI B CHC-

TEMAX € BLICOKOH Pa3PCLIAIOICH CTIOCOOHOCTBIO OK43BIBACTCA .

Gonee 1000 pas, 4TO TOIBOJHET PELIMTHL NPOGAEMY YBeNHye-
HHS [anbHoCTh Tenenepenawn ¢ KA. B TC 2-ro BHaa jng 3Tax
IlLﬂLH HCNo! lb]yl()lcﬂ TAKXC TIEPCAAROILHC ycl‘p()"C'le 50[)'
TOBLIMH  PCUHCTPUPYIOLIMMH  (3aNOMHHAIOUIHME)  CPEARMA
H ¢ Pa3IenCHHbIMH 3TaHaMu QHKCAIHH H NCPeaadH H06paxe-
HU#H (Hanp., PoTOTCIEKAMCPhBI}.

TC 3-ro B2 MOUYT 6bITh MOCTPOEHBI HAa OCHOBE ONTHKO-
MEXZHHY, MIIH WIEKTPOHHBIX KaMep; MOCTOHIICTBAMH NEPBBIX
SBASIOTCH MX TIpEAesIbITas TPOCTOTA, BLICOKAA PABHOMCPHOCTD
(poHa H306PAXEHHA, Musblii YPOBEHB HETHHEHHOCTH H reoM.
HCKaXeHHH, THHEHTIOCTh CBCTOBOH XaPaKTEPHCTHKH, TT03BOJIN-
01las 06eciicunTs GOTOMETPHY. H3MEPSHHA B JIF0GOA HYacTh
CTICKTPA H3NYUEHHS.

B TC 2-ro H 3-ro BMAOB LWIHPOKO HCHOMNB3YIOT TAKKE METO-
JbI CAATHS CTICKTPA TENECHTHAMA TYTEM HCKJIHOMEHHSA CTATHE-
THY. H3OBITOYHOCTH.

B rpymiry TC Hal/l0JIeHHSA, KOHTPOJIR H OOYUCHHH BXOAAT
MHOrO4MCII. BAPHAHTDE CHCTEM y4eGHOTO T., obecneynBaloniue
nepenady H300paxeHHid B ayJIM TOpHH Tio 3anpocy obyyaeMoro
WM TIPCHO/IABATEJISt THGO B COOTBETCTBHH C 34 PAHCE JATTHCAH-
HOH HpPOTPAMMON ¢ J(HMAaNpOCKTOPOB, BHACOMAIHHTO(OHOB,
HEPCd4y C TEICKAMEP PCAITbHBIX CHOXETOB {(XHPYPrHY. Onepa-
UHH, (u3. ONLITOB, HM3IOGPAKEHHH C MMKPOCKONOB H T.T.).
BA1arofiaps BOZMOXHOCTH yBeiHucHHs TU 10a06HbBIE CHCTEMBI
MPUMCIIAIOTCA B 3HJIOCKOTIHH, HCC/ICAOBANMH MHKPOCTPYKTYDP
HB MHKpO:iJ'IEK'l'poﬂl'lOﬁ TEXHOJIONHH, & TAKXE Ha npOM, npea-
NPHATHSX, TpaHcrmopre, B asHaumu. Kax wpaswio, aTH euc-
TeMbl CTPOHTCS Ha 043¢ TEXHMKH BeulaTenhbHoro T. B couera-
HHHM €O CNELHAIHINP. ONTHY. YCTPOHCTBaMH. Bocuponssene-




HOTO r¢1cpoauna llpuéMH[{Ka. Tk CHI'HAL 3BYKOBOTO COMpoO-
BOXIACHHA MOAYMPOBAK 1D HacTOTC, 4 CHIHAI MZO[’)p'd)KC*
HHS—~—HO AMHIATYAC. B KaH4llC 3BYKd HCOGXU[{MMO HMCTL
OF PUHHUMHTCIS, yC[pilHﬂ}OllLKﬁ NAPAZHTHYH  AMHANTYIIHYRO
MOOYISAIMIO.

Horumo TpaKTOB H'lOf;pd)KL,HHﬂ H IBYKZ TC'IEHPMLVHMK
CONCPAKUT G110k (poPMUpOBAHUA pa: mupmx Jas ynpabnenus
palscpi KdMHA C BHACOACTCKTOpA VO HLIA BUACOCHI'HAIL TIOCTY~
TMAeT Hd CCIACKTOP, BI:][ICJ'DUDU[HM H pd3}1€J'lHK’UUlH CHIHATIbI
CHHXPOHUIUITHH KZUIPOHOI? H CTpU‘{HOﬁ HACTOThI.

e

Puc. 9. Yupouwrdlinas GyiKIgonaLuas CXEMil [IBETHOIO 1EIeBHIMON-
HOTO NPREMIIKKY.

B uscrHOM reiienpéMHIKe (puc. 9) HOCIAC BHUCOUCTCKTOPA
BHACOCHTHAI PACTIPEIICASCTCH 110 ABYM  KaHAIAM — Kanasy
cHrHasta spxoctv (KCS) w  kanany CHCHANOH UBCTHOCTH
(KCIL). CoBMccTuMEIG cHTHAN sapkocTi £y ¢ Buixoga KCH
TOCTYNACT O/HOBPEMCHHO Hd BCE TPM KATO/[ KHICCKOMA,
4 UBCTOPABHOCTHBIC CATHANBL Eg .y, Ej_y, Fé.y ¢ BXoad
KCIH nogarores Ha MOy ISTOPLI COOTBETCTRYIOIUWX HPOXKEK-
Topos. PaboTa DiICKTPOLIIOIO KOMMY TATOPA CORMCCTHO C JIH-
HHEIT 3aACPIKXHN B IBETHOM TeiaenpuéMiinke cucTemel SECAM,
HEOOXOARMBIX JIIsh BOCCTAHOWCHHS HEHPCPBIBHOR HOCTIC{0BA-
TEABHOCTH TIDCTOBLIX CHIHAIO0Y, NEPEJABIAEMBIX YCPE3 CTPOKY,
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Puc, 10. dyuxuyonanbnas cxemi GOPMHPOBAHHS CHTHAIOB 1IBETHO-
€TH (g) M BMUBL CHIHAN0B LBCTUOCTH (0) B MPUCMHUKC CHCISMbI
SECAM

NOSCHACTCS Ha pHc. 10. B MpuéMHHKaxX ¢ 0OLIYHBIM MACOMHBIM
KMHCCKONOM UMIYJILCHI CTPOYHOH H XaaApOBOH pa3pépTka Mo~
CTYHAIOT Takke Ha Onok gunamuy. cseatuns (BAC), rac
HpeoBpa3yroTCsa B TOKH NHAQOOPa3HO-lapaGond. Gopmel, no-
ilasacMbie Ha perynsitop cacacHus (PC). B renenpHEMuHkax
¢ Tpybkamy ¢ camocseaesnem BAC oTcyrcTeyeT.

ITo xapakTepy peutaeMbix 32124 TC MOrYT OBITh pa3AescHN
Ha CPYINiB: CHCTCMBbI HaOJIOACHHA, KOHTPOAS H OBYHYCHHS;
CHCTCMBl OOHAPYXEHHS M BH3YAJH3AIUHM, CHCTCMUI AHATH3A
n 0bpaborxy n3obpaxenni. CylecTBYIOT H Ap. KNaccHpHKa-
b TC: HO 0BNACTH UPHMCHCHHA (KOCMHYECKHC, MC/HUMH-
CKMC, Y4eOHBIE W 1P.), HO NAPAMETPAM Pa3NOXCHHA H CBETO-
TEXH. X4PAKTCPHCTHKAM (MAJIOKaAPOBKIC, CKOPOCTHRIE, CNIEKT-
PO3OHAIBHDLIC, BRICOKOH 4ETKOCTH R .}, NO THNAM KaHAJIOB
CBA3H (3AMKHYTBIE H OTKPRITBHIC); HO BHY HETIONL3YEMBIX (o-
TOWICKTPHY. HPEoDPA30BATENEH (3J1.-MCXAHHY,, JNEKTPOHHBIC,
PCHTICHOMYBCTBHTEBHLIC H J:lpJ; O METOAY NUITYYEHHA 1BET-
HbIX H300pUKCHHE (11OCTCI0BATEABHBIE H ORHOBPCMEHHDIE),

K 4nci1y cHcTeM HaGNIOACHHA H KOHTpONs oTHocsTes TC
xocmuy. annapartoB (KA). X MOXHO pa3fiesiuTh Ha TPH
rpynust: 1) TC ans nepenaun Ha 60pT 1 ¢ 6opTa Tencuugop-
MAHHH Hd BELIATCIBHOM CTanaapre; 2) yskononochsie TC ang
Hepeaa4H H300pAXeHHH KOCMHY. OOBLEKTOR M MNOBEPXHOCTH
3emnn ¢ pxymmxes KA; 3) TC ins nepesasu HEllOABHXHBIX
u300paxkennii. [lepBbIc N0 HPHHUANAM PEATHIALNH NIPAKTHYC:
CKH HC OTAHMAIOTCH OT Ha3eMHOH BewaTcibHoH Y€pHo-Genod
W [BETHOH Annapatypel, 3a HCKJIOYCHHEM TOrO, 4TO NpH
TNIPOEKTHPOBAHNH TOJDKHB YYUTHIBATLCA OCOObIC TPeGOBAHUS
[0 HAAEKHOCTH, BO3MOKHOCTAM PA6OTbL B UIHPOKOM JIHANA-
30HE TCMIL-P, B T.4. H B OTKPLITOM KOEMOCE, 10 MHITHMH3aHH
MACCHI, I'dﬁdpMTOB JHEPronoTpebaeHHs, HO ‘UL.-MATH. COBMEC-
THMOCTH ¢ /ip. cactemaMi KA. Kpome Toro, Tpebyercs Bueo-
Kas HDMCXOyCTOM‘lMBOCTh KdHaJla CBA3M, HMTO oﬁecne!mnderu
ONTHMH3ALHEH CHCTEMB! KOAHPOBAHUA TCIECHTHANA,

TC 2-ro BMAd ACHCTBYCT B MAaNoKa/POBOM peXuME, T.e€.
HEPEUAIOAs KaMepa paboTaeT ¢ uMkioM, Bpems k-poro T,

YCTAHABJIMBACTCS. PABHHIM BPCMEHH CMEHBI CMBICIOBOLO CO:
JCPKAHHE B HAOHIOAAEMOM H30DPUKCHHH (€ HCK-PWM TICpe-
KPbITHCM Ka/lpOB). BRATOMaps TOMy 4TO MANOKAAPOBHIE CHC-
TCMBL NIPH HPOBCACHHH MAPHIPYTHOH ChEMKH (B Hporcoce
nponéta KA Hal H3yyacMuiM padoHOM 3eMIIM HJIH KOCMHY.

O0BEKTA) MMCIOT Pa3ACHbHBIE UHKIIbI IKCTIOIHIMHH T, CYHTBI-

Banus Huopmanuu T, H CTHPAHHA H NOJrOTOBKH MHINEHH
T.. ynaéres 1pc YHAIBHO  OT > Tu/T, ymeHb-
HIHTL HOJIOCY HaCTOT KaHajla CBA3H. SroT BBLIHIDBIl B CHC-
TCMaX ¢ BLICOKOH pa3pematolici CNOCOGHOCTLIO OKAa3nBACTCH
Gonee 1000 pa3s, 410 NO3BONACT PEWIHTL NPOGIEMY yBCIIHYE-
HHS Ja1LHOCTH Tesencpenasu ¢ KA. B TC 2-ro Baaa s 3THX
HeeH UCTO.(b3YIOTCA TaKKe HEPCAAOIHE yeTpoficTra ¢ Bop-
TOBLIMH  PErHCTPHPYIOWHMH  (3aNOMUHAIOIIIHMA)  CPeAaMH
W ¢ paspenéunbMu aTanaMu GUKCATIHH K IEPeaan H3oopaxe-
Huii (HaHp., GpoToTCNeKAMEDSI).

TC 3-ro BHA4 MOrYT ObITH MOCTPOCHB! HA OCHOBE OfITHKO-
MEXAHHY. WIIH 3JICKTPOHHBIX KaMep; JOCTOHHCTBAMH NEPDBbLIX
ABISIOTCH UX MPEAEiIbHASA TIPOCTOTA, BLICOKAA PABHOMEPHOCTh
JoHa H30OPAXEHHS, MATIBIA YPOBCHbL HEJMHCHHOCTH H TEOM,
HCKAXCHHI, JTHHCHHOCTL CBETOBOH XaPakTEPUCTHEH, MO3BOA-
tolilas o8ceHeduTh GOTOMETPHY. H3MEPEHHN B JIHOGOM YacTH
CHCKTPA M3Jy4CHHS.

B TC 2-r0  3-T0 BUIOB IHPOKO HCIIOJIB3YIOT TAKKE METO-
JiBI CHKATHS CICKTPA TCNECHTHAA TTYTEM HCKJHOYCHHN CTATHC-
‘THY. H3BLITOMHOCTH.

B rpyuny TC nadnioaeHust, KOHTPONS H 0DY4EHHR BXOASAT
MHOTOUHC.1. TAPHAHTHE CHEeTeM Y4ebroro T., obecheunBaronne
nepeaady wiobpakeiHii B ay IMTOPHH HO 341ipoey o6yyneMoro
HJIK IpenoJaBATE 1 nubo B COOTBCTCTBHH C 34PAHCE 3aNHCAH-
HOM MPOTrpamMMoii ¢ JHANPOEKTOPOB, BHACOMATHHTOMOHOR,
AEPEAYY ¢ TCICKAMCD PEAIbHBIX CIOXCTOB (XHpYprHy, oHepa-~
AR, (U3, OHBITOB, H3OOpakeHWH ¢ MHKPOCKONOB W T.M.).
Biaronaps Bo3sMoxLoCTH yeennueus TH nosoGrbie cHeTeMB
TMPUMCHAIOTES B SHAOCKONHH, HCCIEIOBAIHH MHKPOCTPYKTYP
H B MUKDOIICKTPOHHOR TEXHOJIOTHH, 3 TAaKkXe Ha HPOM. Npea~
NPUATHAX, TPAHCNOPTE, B aBUalMH, Kak Npasuio, 3Th CHe-
TCMbl CTPOATCA HA Oude TCXHHKH Bewatensnoro T. B coyera-
HHM CO CICLMANTM3MP. ONTHY. yCTpoHcTsamH. Bocnponisene-




HHE H306paxeHHH OCYIIECTBISCTCS H HA IEKTPOHIO-Ty4eBhIX
TpyGKax HPAMOTo BHACHHA, H HA MPOEKIL. YCTAHOBKAX C 50Mb-
UIHMH 3KpanaMH,

CHcTeMbl 06HapYXEHHS H BUIYANTHIALHH HAXOAAT HPHMEHe-
HHE B AeQEKTOCKOHHH, YCTPOHCTBAX OPHEHTAIHH JIETaT. am-
NMapaToB, MeMIAHCKOH AHArHocTHKE H Ap. obmacrsx. Tene-
Ilpe()6paSOBaTe!lM PeHTT. HATYYEHHA NMO3BONAOT CO3AaTh CHC-
TeMY € 9yBCTBHTENLHOCTBIO, OJIH3KOH K Tpe/iebHOM,
onpeneseMoit GIYKTYALUHSMH PEHTT. KBAHTOB Ha BXOJE YCT-
poifcTBa. DTO, BO-HEPBLIX, HDHBOAHT K CHHXEHHIO RO3bI 00-
JIy4YEHHA H, BO-BTOPBIX. 3HAYHTENLHO YJIYYIUAET X4PAKTEPHC-
THKH CUCTEMBI (pa3pellialoiNylo CMocOBGHOCTh, KOHTPACTHYIO
HYBCTBHTE!ILHOCTb, OCBEIIEHHOCTL pabouero Mecra spada
HT }'L). O}'IHDBPCM. TNPHMCHEHHE BHACO3AINHCH CYLUECTBEHHO
PacIIMpPSET BO3MOXHOCTH JHATHOETHKH H HMCEITE/IOBAHHA MO-
nygeHublx H306paxennd, Hanb. pacnpocTpaHeHHe Nonyanix
PEHTITCHOCKONHY. EHCTEMEI C J2eKMPOHHO-ONMUYeCK UMY "p(‘Oﬁ-
paszosamesdrmu, NIHPOKO TIPUMEHSAIOT TEJIECHCTEMBI, YyBCTBH-
TenbHere B MK-o6nacth. CopMHpoBanoch OTA, HanpablieHHe
B 3TOH TEXHHKE — TCHJIOBH/ICHHE, HCIIOIB3YEMOC B ZICQ)CI(TO-
CKOIHH, B TEXHOJ, HPOLCCCAX HITOTOBJICHHA H KOHTPONA MHK-
POEXEM H 3.']eKTp0paﬂHO3ﬂCMCHTDB, B BOCH. TEXHHKE.

CucreMbl aHann3a W 06paboTkH H306paxeHHH NPHMEHSIOT-
€ IPH M3YYEHHH NPHPOJHBIX PCCYPCOB 3CMIIH M3 KOEMOCA,
YAPABAETHHA ABHKYINMMMHCA 0DBEKTAMU, PUCHOIHABAHHH 00~
Pa3os, KOJHYECTB. OLIEHKE NapaMeTpoB O6BEKTOB. MSMCPCHHC
[EOM. X4PAKTEPHCTHK OOBEKTOB (KOOPAHHAT, ANHH NPAMOJIH-
HEHHBIX H KPHBOJMHEHHBIX OTDEJKOB, IUIOilAadcH) CBA3aHO
C HCDGXD}IHMOCTLK} d)HKCﬂu"H ONTHY. NIOTHOCTH HITH SPKOCTH
{parMeHTOB Hecne/lyeMbIX H300DAXEHHA OTHOCHTENLHO Bpe-
MEHHEIX H AMILTATY/IHBIX XapAKTEPHCTHK CHTHANOB H300paxe-
Husi. TlpH H3MCDCHHH TOIONOFHY. XapaKTepPHCTHK (9HCIIO
Ué’beKTOB B 3aJaHHOM II0JIC CKUHHPOBAHHA, CBA3UHITIOETD H CO-
OTBETCTBYIOLUCE 9YHC]IO OJHO-, ABYX-, TpéXCBﬂSHle H T O
OBBEKTOB, UHCIIO HEPECEMEHHH H IP.) MOTYT OBITh BLISBICHH
IEMEHTE H300paxeHHH HO TPH3HAKY TPEBLIMIEHHS 34 aH-
HOTO NOpOra ApKoeTH ((POPMHPYIOTCA HIOASHCH — JIMHHH DaB-
HOH APKOCTH), N0 HPH3HAKY PA3HOH LBETHOETH K TNp. Boub-
IIHHCTBQ H3BECTHBIX METO/IO0B cuéra OG'bCI(TOB OCHOBAaHO Ha
HCMOJNb30BAHHH HPHHLHNA PACMO3HABAHHA CHIrHANIA «nepnoii
BCTPEYH» PA3NIATAIOLIETO HMIEMEHTA ¢ OOHEKTOM H ABTOMATHY.
c4éTa ATHX CHI'HAJIOB, [UIA YETr0 CIYXKAT RamMimu yt‘mpnﬂcmeu
(9 éMKOCTbK}, COOTBETCTB}’K)[“Cﬁ YHCIY 3J1€MCHTOB B CTPOKE.

H3mMepeHne IMHaMKY. XapdKTEPHCTHK (CKOPOCTH NepeMelte-
HHA 06BEKTOB B NOJIe H30GPAKEHHS, HANPABICHHS NepeMerte-
HHS H TPACKTOPHH, paclpe/le/iecHHA CKOPOCTel B HOTOKAX [IBH-
KYLHXCA OOBEKTOB, RUHAMHKH H3MEHEHHA pa3MmepoB ¢par-
MEHTOB, H3MENEHHS OKPACKH 0OBEKTOB M ApP.) B GOJIBIIHICTBE
CNyYaeB OCMOBAHO Ha KOppensiu. npu3makax. B mek-peix TC
ITOTO BH/TA HIMEPRIOTCR OTHOBPEMEHHO KOpPENsl. {h-11Hs CHI-
Halla H €ro CNeKTpaibnas NoTHOCTh. .

JAns H3MEpeHHA LBETOBBIX XaDAKTEPHCTHK H30OpaxeHHs
NONY4aloT KOOPAHHATHl UBETHocTH m=U, /(U +U;+ U;),
n=U,/(U,+U;+ U,), XK-pbl€ OHPEJENAIOTCH UBETONETEHHBI-
MH carHanamu Uy, U,, U,. Yka3anuas npouenypa — userosast
DHIbTPAlHS — PEaTH3YeTCA C MOMONbK [HPPOBOro ¢unbT-
P4, Ha BBIXOJE K-poro GOpMHpyeTcs JBOHUNBIH cHrHan Y;(f),
panHmiz 1, eclH CxaHAPYEMBIH YYaCTOK HMCET 3aJaHHYIO
1BECTHOCTL, H paﬂllblﬁ 0, CCJIH LBCTOBh!E KOOPAHHATHL OT-
JIHYAKOTCH OT 3a/TaNnmnbIX. B HpOLIECCE TAKOIO d4HAJNH3A MOTYT
OIHOBPEM. PpELIATLCS 32MA4H AHATIM3A [EOM., TOHOJNOTHY.
H IHHAMHY. XapAKTCPHCTHK ctbopanoBangrx JABOHYHBIX H30-
OpaxeHHi.

TlepcnekTiBa pasBuTHA T., B ICPBYIO OYepeah,— B NEPEX0AC
oT auanoropod k wudposoit popme TC (uudporoe T.). Iogs-
nente uadposoro T. HO3BOANT NMpex e Beero yHUGHUHPOBAThL
OGOP)’HOBQHHE annapaTHo-cTym{ﬁHoro KOMILIEKCA, YTO MpPH-
BCHET K OTMHpaHHKO MHOT'OYHCN. CT4HAApPTOB T., B T.H.
H [BETHBIX, PE3KO HOBBICHTCH KA4€CTBO uaoGpameHuﬁ, HOABAT~
Cf HOBbIC BOIMOXHOCTH B TEXHONOTHM TeJNeBEllaHHUA, ynpo-
CTHTCA MEXIYHAp. ofmeH TEJNCHPOrpaMMAaMH, NMOBLICHTCS Ha-
JEXHOCTb PaboThI H CTaOHIBHOCTD NMAapaMEeTPOB aNmAPaTypbl,
K-past CMOXET paboTaTh B G6ECHOACTPOCYHOM PEXHME, Ka4eCT-
BEHHO M3McHHTCS Hepenaua TH Ha Gosbliuc paccrosuus 3a
C4ET MMHMMH3ALMK NAKOHNEHHS HCKAXEHHA B LMpPOBLIX JH-

HHSAX CBA3M H TNPHMEHCHHA KOMOB, OGHADYKHBAIONIHX M HC-
MIPABIAIOMHX OHIHOKH (cM. Koduposanue undopasayuu).

B pasBuTaH uHppoBoro T. ecTeCTBEHHbBI JUsl HYTAHA: NICPBBIT,
TIPH K-POM aHaJ10roBbli curian npeobpasyctes 8 1dponyic
dopmy Tonbko ans cro odpaborku (v ACK, B mpeobpa3zosa-
Teje CTaHIaPTOB, B KOPPEKTOPAX), [N BHACO3AMHCH, Ut
HEPEAAYH Mo KaHalaM ChA3H, A 34TeM npeobpasyercs cHobs
B dHAJIOroBYI0 (JOPMY JUIA TPAHCIIAUMH CYILECTBYIOWHMHU Te-
JIEEHTPAMH H TIPHEMA CYINECTBYIOLHMH TEJICBHIODAMH; RTO-
POH 3TaH, NpH K-POM Npeobpa3oBaHHe NCPe/ABAEMOro H306-
paxeHus B UHGPOBO# curunan u obpaTnoe npcobpa3oBaHHC
NPOH3BOMAATCH  HEMOCPEACTBEHHO B HpeoGpasoBaTChsx
«CBET— CHTHAN» H (CHIHAN —CBET», T.€. BO BCEX INEHBbIX
TeneBH3. TpaKTa HubOpMauHs HepeaalTes B 1MPOBON
¢dopme. Ocu. nemoctaTtok uudposoro T. —mneobxoaHMOCTH
IHAYHTENLHO BOJiee HPOKOH MOIOCk! YACTOT /LS IHYPOBOTD
cHrHama. 3ra NpobiaeMa pemaercs NyTéM YCTPAaHCHHS nibni-
TOUHOCTH HHGOPMaIHH B TC H HCoNb30BaHAS M, METOAOR
MONYJIAIHH.

Ei€ onHO NEPCHCKTUBHOE HAIIPABJIERHC B PABBUTHH 1,
pa3paboTKa CHCTEM TeJleBHIEHAS Boieokolf uérkoctH (TBY). Mac
CMaTPHBAKTCA BOIMOXKHOCTH CO3JAHHA CTaHAapToB ¢ 105C.
1125, 1250, 1375 crpokamu B kaape. B CCCP B 1960---1964
6b11a pa3pabOTAHA M MOHBIHE JKCIUTYATHPYEMAS CHCTSMA Ko
6enbnioro T. Ha 1125 cTpok, obecneunBaromas B 4 paza 66
wyto 4CTKOCTh M30OPaXeHHA MO MOJIO, HEM B BEIUATCIlbl1OM
craugapte, [IPHMEHAETCA IKCTIEPHM. BEUlATENLHAS CHCTEM ¢ Til-
KHM Xe CTaHJ4pTOM s HepeaayH usetHoro T. [Tonoca kauasa
spkoctr 20 MI'n, enrnana usetHoctd 7 M. [las pacnipeacsic-
HHA cHrHanoB TBY HamenacTes HCHOMB3IOBATH ROSIOKOHHO-OII-
T4, siMHHR cBA3M. LlenecooGpasno B TBY H3MEHHT COOTHOTIL-
nHs cTopon 3kpana ¢ 4/3 Ha 16/9, npuGIH3ABIIHCE K LLIHPOKO-
opmaTHOMY 7IKpaHy. 3HAYHT. CINOXHOCTH BCTPEYAIOTCH TPH
BHJICO3aTHEH CHIHaMa TBUY, npu pa3paboTke LBETHBIX KHHCCKO-
noB. IlepenerTHBNLI Ja3CpHas 3AMHCh Ha JIMCKH M IMCKPCTHBIC
BOCIPOH3BO/ISILIME YCTPOHCTBA (TLIOCKHE SKPAHbI),

Cpe/in NepcneKTHBHbIX HaHpaBleHHA — TC Ha ocHOBE 010~
rpadui. EcliH CO3/TaHHC CHCTEMbI CTEPEOTENEBHACHUS M Pats-
JIENEHHBIX HI0OPaXEHHAX (HATP., IPABOE H30GPAKEHHE B O
HOM IIBeTe, JIEROE ~— B JPYrOM) € OKAMH AOHONHMT. 1LHCTOH
TEOPeTHYECKH HE NPENCTABIAET COBOM CIOKNOCTH, TO JANNACH.
nepefaya H BOCHDOM3BEACHHE HHPOPMAUHHM ¢ TOUNOCTBIO A0
ta3bl cBeTOBOH BONHBLI (4TO TpebyeTca NPH ronorpadHy. cHe-
TeMe) —HoKa 1€ PeanH3OBaHHas 3afata. Jus psxa npobacm
HBETHOIO FOJOrpaduy. TEIEBHACHHA elé He HalileHbl pHH-
UHHHAIbHBIE PELUCHHS. !

Jlum.: BpeAT6apT A, 4., OCHOBBI TenePHAEBHR H BIIbATENCTPA-
tdum, M., 1935; BpayneI. B, KOppexuss 7TejJeBH3HOHHBIX H HM-
HYNBCRBIX CHTHalIOB, M., 1967, BpanmapenIl @., Pocccuc-
»ay M. A, Xpomos 1. H,, Kocmuteckoe TenesuaeHne, 2 u3a, M.,
1973; Hopagopckuii C. B, CTaHI4pTBbIE CHCTEMBE HBETHOLO Y
puaenns, M., 1976; Ludposoe Tenesunenne, non pea. M. U. Kpneo
ureesa, M., 1980; OroBpaxcune nudopmaunn B Llentpe ynpamsicis
KOCMHUECKHMH HOJeTaMH, M., 1982; Beikon P. E., Curaace B. M.,
Diiccenrapart I. A, Tenesnneune, M., 1988; FOCT 7845-79. Cuc-
‘TeMa BEWATE/LIIOIO TENCBHACHHA . OcHoBHBIE napaMerpbi. Meroub:
HIMEPEHHH, H. H. Tumear.
TEJETPAGHLIE YPABHEHUSl — yp-Hus B 4aCTHBIX LPO3-
BOJIHBIX, ONHCHIBAIOIMC HPOICCC PACHPOCTPAHEHHS HL-Mal il
BOJIH B unuAx nepedauy (B KOAKCHATBHBIX Kabensx, nByxipo-
BOHbIX JIHHHAX H Ap.):
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ax at ki, ax ¢ ot oy
3nech V(x, 1) 1/ (x, {)— HAanIpsi)keHAE H TOK B nuuAn; L u C---
HOTOHHbIE (Ha €AMHHLY ANMHBI) HIAYKTHHHOCTH H €MKOCTD.
J4BHCALIHE OT CEYEHHS NMPOBONOB, PACCTOSHHS MEXIY MHAM
A CBOHCTB 3anonustoled cpeiibi; R 1 G — NOroHmbIe CONpo
THBJIEHHE H NPOBOJAMMOCTb, YYHTBIBAIOIIME TOKH YTCUK.
CrTpykTypa 31.-MarH. NONSA B NOHEPEHNOM CCYEHHH JHIHH
TPEANONAracTCH KBa3UCTAUHOHAPHOM, YTO BLIMONHAETCS j1df
BOJIH C JUTHHOM, CYIECTBENHO GONbUIEH MONCPEYHbIX PaIMepon
M. T.y. NpHOTHAKEHHO ONHCHLIBAIOT TAKKE PACTIPOCTPaHe-
HHE CHFHANIOB B JIMHHSX, COCTOSIIMX M3 COCPEIOTOMEHHMILX
EMKOCTell, HHNYKTHRHOCTEH H CONPOTHBJIEHHH IIPH YCIOBHA,



YTO PA3JIHYHA BETHYMH ¥ 1 ] Ha COCETHUX 3BENBAX [IOCTATOUHO
Maabl. B MAacann3npopanHoM cayuac, xova R=0. G
9J1.-MarH. CHTHAJIbl PaclpOCTPAHAIOTCS BAOJL JIMHUH CO cKo-
poctbio v=1//LC 6Ge3 uCKaXeHHA M FaTyxauus. Ecaw
L n C 33BHCAT OT 44CTOTH @, TO T.y. CNPABC/UIMBBI TONBKO
JUIR TRpMOHHY. BOJNH M 3aNHCLIBAIOTCS VIS KOMILTEKCHLIX
aMIMTYA Toka ] u HanpsxkeHua V., tak uto &1idr u ¢Vidt
34MEHSAIOTCA COOTRACTCTBEHHO Ha iw/ H iw V.

TEJECKOI CHETYUKOB — cHcTeMa BKTIOYEHHBIX TTO CXC-
M€ COBNANCHHE M aHTHCOBNAEHHI JeMeKmopos HacTHIL, pac-
MOJIOKEHHE H PA3IMEPDI K-PhIX ONPEIENIOT HANPABICHUE JIBH-
KEHHA YACTHLL H TeNECHBIA Yyrofl, B K-pOM OHH pEFHCTPUPYIOTCS
{pc., a). T.c. KCMONBL3YIOT A8 MPOCTPANCTAGHINO-YI . CElEK-
MM 37IEMEHTAPHLIX YACTHIL H SACPHbIX (DPArMCHTOB, HAUp.
KOCMHHY. H3Ty4EHHs B 3dJ4HHBIX HHTEPBAIAX 3CHHTHOIO M d3H-
MYT4ABHOTO YIN10B (CM. Kocmuseckae ayuu), My4KOB HACTHIL,
TEHEPHPYEMBIX YCKOPHTEAEM, 4 TAKKE A8 BBIACICHHA OTA.
AKTOB DACCEAMMN, PACTAdd M B3AMMOMCHCTBUA HaCTHIl BHICO-
Kokt 3Heprun. Cognadenuii meniod (H AaHTHCOBMAACHHH) NMO3RO-
JIAET OTACNIHTh WIONE3HBI» CHIHATL, CBA3AHHKIA ¢ MPOXOXJIC-
HHEM HyXHbIX 4aCcTHU 4epe3 T.c¢., 01 hoHa, 0BYCIOBICHHOTL
MOCTOPOHNMHMH YaCTHUAMH M NIYMAMH JETCKTOpa. ¥Yra. pa3-
PELICHHE TEJIEEKOMa & OTPE/AC.IACTCA Pa3MEPAMM KPaHHMX Jc-
Textopos ;. [,

G =

L 4, Ay 0 Dg

Ay Ay, Ay B4,

TpuMep Teeckona (a) B TOAOCKONA () CYETYHKOB, PETHCTPHUPYIOLLEX
YACTHUM, HAYLIHE B YINIC @ H OCTAHABIMBAIOUWECH B (O1.10THCAe []
. Mo, ﬂg—aerekmpu coBliaueHii: 1, — aeTeKTop, BKIOYEINbI HY
anticoBnanenus; ;. Moy Dy U /. }—NeMeRTbl [O10CKO-

na: [l—uomo-m'lem, (qmamp)_

k=12

T.c. ¢O30aI0T Ha OCHOBE PACIONOKEHHBIX JPYT 3d PYroM
Tiizepa cuémuuxog, cTpAMepHEIx (Apciidonbix) TpyDok, a Tak-
K€ CUHHTHILIALHOHHBIX, TOJyHPOBO/IHHKOBEIX, YCPCHKOBCKHX
H Ap. OETCKTOPOB. BuixoaHo# curman T.c. MOKCT CaykHTHL
OLICTPRIM mpuz2epos M KCIONb30BATBCA JUTS YIIPABICHHA KO-
OPOURAMHBIMU JeMEKMOPUMI. K MIPCKOBBILMU  OeMICKIMOpas
uacmuly, 4 TAKXKC CHCTEMOMH cBOpa NaHHBIX.

CeKIHOHUPOBaHHC deMcHTOR T.c., T.¢. pasGucHHe Hx Ha
AMEiKA MeHbINEro pasMepa, npeBpalilaet T.c. B T.H. rojo-
ekoUum cHETHMKOB (PHC., ). OT/. ACHKH rofockona obpa-
3YIOT CAMOCTOATENBLHLIC T.C. ¢ JIYYluMM HPOCTPanCTBEHHO-YI .
PA3PELICHUCM, T. €. BBITIOITHAIOT OAHOBPCMEHHO M (-(1HH KOOP-
JHMATHBIX AETCKTOPOB. Pusmeprl Takux S4CEK COCTABIAIOT OT
Heck. eM? (B roJockonax ua caeTdmkax [eifrepa i CTPHMCPHBIX
TpybKax, B CUNETHMUOHHEIX H HEPCHKOBCKUX 10J0CKONEX)
10 1076—107% cM? (B CTPHIOBBIX PO.IVAPUROONUKOBHX de-
Mekmopax W BOMOKOHHBIX CYUNMUAAAYUORHBIX OCPICRINOpax).
COeHHEHHC TOIOCKONOB B JIHITHIO CO CNELMAAM3ND. TIPONEC-
COPOM NO3BOJIACT NMPOU3BOAHTE GBHICTPEIA TOMONOIHY. ¥ KHHE-
MaTHY. aHaIH3 COOBTHA M QOPMHPOBATL TPHUITED BHIEOKOTL
YPOBHS.

TeIccKONbl W TOIOCKONBl CHETHUKOB SBNRKOTCH COCTABIOH
HacThID CTIEKTPOMETPOB MACTHLL H KOMOUNUPORAUNHBIY CUCMEM
denexmopos, K-phbie IPHMENAIOTCH B ANEPHOA QU3IMKC U PH3H-
KE BBICOKHX JHCPIHM, 4 TaKXKe NPH HCCIENOBAHHH KOCMHUY.
HITYHEHHA.

Jlum. cM. npH c1. Ko . Homu-
3AYUONHFIBIL KAAOPUMEMD. I H. Mepson
TEJJIYP (nat. Tellurium), Te,— Xum. JNEMenT TIaBHOH O
TpynmLl V1 rpynmsr MepHoantd. CHCTeMsbl DieMenToB Menac:e-
€pa, aT. HOMEp 52, aT. macca 127 60. B mpupoae UpeacTaBIeH
8 wioTonamu: | 20Te (0,096%), 21 Te (2.60%), '23Te (0.908%),

P cucmemol
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124Te (4816%). 'P’Te (7.14%), '*°Te (18.95%). Te
(31.69%) n "*"Te (33.80%). npuuém ‘¥*Te, 12Ty HOTe
cnafo paaHoak tHBHBI (7| ;, coOTBCTCTBEHHO OK. 1,310, ¢B.
102* u cp. 10?' ner). DneKTpoHHAS KOHPUTYPALMS BHELLL
o6onouex 5s?p*. IHepruu nocael0sat. noHHsamu 9,01, 18,6,
28.0. 374 n 58.85B. Kpucramoxmm. paguyc avoma T.
0.17 am. paguycsr nonos Te2 ™ 0,211 v, Te** 0,089 nm, Te®*
0.056 HM. 3HaucHHe HICKTPOOTPHLATETBHOCTH 2,1, PaboTa
BBIXOJA 1ekTpolos 4.73 HB.

B CBOGOZHOM BWIE MOXET HAXOAHTBCA B KPHCTA/LTHY.
H aMOpdHOM cocToAHHAX. H3BeCTHBI 1BC MOAHGMKALHH
xpuctasumy., T a-Te u §-Te, TeMn-pa (ha3oBOIro MEpexond
348 C. Kowmmaktupiit a-Te —cepeGpucTo-cepoe  BEWECTBO
¢ METanIHd. 6.ICCKOM, PENIETKA I'CKCATOHAIbHAS ¢ 11apaMe I
pamu a=4457 1M u ¢=592.9 M, nnoTHoc'n, 6 272 xr/am’,
nioTHOCTh  amoppuoro  T. 13 xr/am? 1, =449.5 °C,
faw=989.843.8 'C. TcruioéMkocTh a- e 25,8 x/(Monb - K),
TenNoTa raBjicHus 17,5 kX /Monb, Tem10Ta MUCTapeHHs
51,0 k/Ix;monb. Temn-pa [eGas 128.8 K. [Ipn BbICOKHX mdB-
neHuAX T. NEPEXOHT B CBEPXIPOBO/IALIEE COCTOSHHE, TEMI-Pa,
nepexofga 7, =205K (43 M) u 425K (84 I'fla). T.—
NONYNPOBO/HNK, NIMPHHA 34NpPemMEHHOM 30HM AE=032—
(1.33 9B (npu 0 K). Tpu remm-pax 20—250 C ana T. nocroan-
nas Xonia OTPHIETEIbHA. VI OJCKTPHY, COHPOTHBICHHE
1.6 MOM- M (npu 20 °C), TEMl‘lepdTythlM KOO, DNEKTPHY.
conpotupienus 3.79-10 K ' (273—373 K). Koad. n.nno-
BOTO .rmnumoro pactmpenua neauxpuctaimy. Te (0,16
0,17)-10 "®*K~'. Tennonposoanocts 1,8 Br/(m-K)
350 K).

Creticay okucienns T. +4 1 + 6, pexe +2u —2. O6pasyer
pasl. MonyNPOROAHMKOBBIE COCIUHEHNS THTa ATe (r1ic A ectn
Ge uan Sn). A, Teq(A cetb As miu Sb) u aip.

Hcnoiib3yeTes Kak JICTMPYIOIAs A00aBKa K 4yl'VHy. CTa-
MM, [BETHBLIM METAnIaM M cwtaBaM. Tepmonapbl Te—Cu w
Te—Pt cmy®aT 018 HMIMCpeHHs HuM3KHX Temn-p. Haxoast
TPAKTHY. TPUMEHCHHC MCKYCCTB. Daauonykinmmnl T.: 12ty
(Tyo=154¢yT), ' Te (17 cym), "2*Te (1197 cy1). '*™Te
(574 cyr). ' Te (109 ey1), 12T Te (9.354). ¢ € bepoonacas

TEMBP 3 ny K a—cyObeKTHRHAA, T, €, ONMpPEICACMAA Ha CYX.
XAPAKTEPUCTHKA Ka4YCCTBA 3BYKd, B OCH. 3UBHCAMAA OT ero
criekTpa {cM. Cnexnip 38yka). OUCHKA 3BYKOB 1o T. AoTOJHAET
HX XAPAKTEPHCTHKY NO FPOMKOCTH H BBICOTE 38YKA H 1103BONH-
eT pa3iH4aTh MCKIY COBOIl 3BYKH Da3HBIX HETOYHHKOB, HATIP.
Y3HARATH 3BYKH ONPEACT. My3bIKaJlbHbiX HHCTPYMEHTOB. [lnst
OlEHKH T. HMCIOT 3MAYCHUC KOMI-BO M PACTIONOKEHHE COCTAB-
JIFOIMX B CUCKTPE W, B HACTHOCTH, HAJIMYME YCTOMYMBBIX
Ipynn coCTARNIOIMX, Haz. popMaHTaMHu. ECM B 3ByKe
Mo obepronos, To T. oUCHMBaeTCS KaK ryXoil, 1ycToi,
HCOKPALICHHBIH.
€OuHbIH, MONHBIA; ECIIM CHABLHO BBIPAKEHBI BLICIUHE COCTABJIA-
olHe B 061acTh 3000—6000 I'i — npoH3uTesbHbii, MeTal-
STHY.. PE3KHH, SPKHH (B HPOTHMBOTIOJIIOKHOCThL Tyeknomy). fo-
MHMO CTIeKTPa, Ha OICHKY T, 3ByKa BIMSET IMHAMHKA 3BYKd
(MATIP., HAPACTAHHE H CNAJANIHE, HMIYJILCHBHOCTh). My3hikan-
Thi DAIAMYAOT B 3BYKE HHCTPYMCHTOB riybumy, OapxaTtu-
CTOCTh, NEBYHECTL HNH THYCABOCTh. CHETEMBI TAKHX TCPMHHOB
LA onucaHHs T. 3ByKa HE CYIIECTBYCT, H COOTBETCTBAC MEXY
HHMH ¥ CHCKTPAJTBIBIMU NDH3HAKAMHM TIC BCCTJId YCTATIOBJIENO.

H. I Pycaxos.

TEMHBIA PASPS L — camoctosTensnrlt Tayncenoa paspso.

TEMITEPATYPA (oT jaT. tempcratura—Haanexatice ¢Mc-
LIEHHE, HOPMAJIBHOE COCTOSHUC) — (DH3. BEJTMYMHA, XAPAKTCPH-
TYIOLAA COCTORIHE TEPMOIHHAMHY. PABHOBECHR MAKPOCKO-
Y. cucTeMbl. T.—€AMHCTBCHNbIH TCPMO/AMHAMMY. Mapa-
METp, K-Dblii OMMHAKOB IJIA RACCX 4ACTEH M3ONMpORaHMO#H
CHCTEMBI, HAXOIALICHCH B COCTOSHMM PAGHORECUS MEPMOOUNG-
mueckoeo. Eciu T, Tes pasiuunisl, TO NMPH yCTANOBNCHHH
MEKY HUMM TEIUIOBOTO KOHTAKTa Gy/IeT MPOMCXOAUTh 0GMEH
JMepruedt (menaoobateit): reno ¢ doabiuei T. oTnalr JHepruro
Te.1y ¢ McHbuIcH T.; npu oMHakoBo# T. Terutoobmena Mexay
TENAMM HC TIPOHCXONT. TIpH HeM3IMCHHBIX BHen. ycaosusx T.
BCCX TCJI CMCTCMb] BRIPABHMBAIOTER ~— MACTYMAET TEPMOIUHA-
MH4. DJBMIOBECHE (UEPBBIH MOCTYNAT, MM NyNEBOE mada-
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N0 TepMoaHHaMHKH). Ecnm k.-n. Teno A HaxomMres
B TCMNIOBOM PdBHOBECHH C TenoM C, a TeNo B TaxKC HAXOJKT-
¢Sl B paBHOBECHH ¢ TestoM C, To Tella A M B Takke HaXoaATCH
B COCTOSIHHH TEPMOJWHAMMY. P4BHOBECHA. MIMEHHO HODTOMY
MBI MOXeM CPaBHHBATb COCTOSMHSA TEILTOBOro PABHOBECHS
TeA, HE MPHBOA HX B HEMOCPEICTB. KOHTAKT, H BBECTH MOHS-
e T Te1a A W B HMEIOT oMHaKOBYIO T., ecH KaXA0e H3
HHX HAXOJMTCA B TEDPMOJIMHAMHY. PABHOBECHH ¢ Tenom C
(K-pBIM MOXET GBbITh, Halp., TEPMOMETP).

B oTnnuMe OT Jp. GH3. BETHYMH, TAKHMX, KaK QJHHA, BpEMS
H T. 4, T. HE QJUIHTHRIA M A €€ MIMCPCHHS HCENIb3A BBECTH
K.~11. 5TajoH. Mamepenne T. oCyeCcTRIISETCS Ha OCHOBE TEX MIH
MHBIX ypaetterutl cocmofiua, CBA3BIBAIOMIIX T. ¢ Ap. HAPAMET-
paMH: oGBEMOM, aBiieHHeM H J1p. Takas CBA3b H MCTIOIL3YETCA
B MEPMOMEMPAX; B KAYECTBE TEPMOMETPHY. Tella B HHX NpPHMeE-
HSAIOTCA CIHPT, PTYTh HIH pasn. rasbl ¥ TBEpAsie Tena. MaMeHe-
HHe T. perdCTPHpYETCS HO HIMEHEHHAM 00bEMa, JaBICHHS WM
ONEKTPHY. COTIDOTHMBIICHHS TEPMOMETPHY. Tena. YCTAHOBNEH-
Has, T. 0., TEPMOMETPHY. HIKaNa OB/IANACT eyLIeCTB. HeoCTaT-
KOM, T.K. Pa3ll. Tend BeAyT ceOs HeOAMNAKOBO TIPH WIMEHESHMH
T. OaHaKO AOCTATOYHO PA3PCKEHHBIC (HASWIbHBIE) radbl pac-
IIMPAIOTCH OJMHAKOBO MPH MOCT. JABICHHH (MM MEHSIOT JaB-
JieHHe TIpH TIOCT. 06BEMeE). DTO HO3BOAET YCTAHOBHTDL memne-
PAMypHyo WKa4y, He 3aBUCALIYIO OT BELICCTBA.

B TepmMOARHAMHKE B o61lleM cryyae T. ONpencnscTes Kak Hpo-
MIRO/HAS OT BHYTp. 3Hepruu U no surpommu S: T=0U/0S.
Takas T. Bceraa NONOXMUTENbHY, H eé na3. abconwTHOH(T)
unu T. HO TEPMOIMHAMHY, TEMIEpaTypHol wkane. 3a eaumH-
ny V. 8 Mexcoynapoonot cucmene edunuy (CY) HpHHAT Keab-
sun (K). Yacto, ocobenro B ObITy, T. H3MepsIOT MO IKaie
Uenscus (1); 3HAYEHHE ! CBA3AHO ¢ T paBeHCTBOM

t=T-273,15K (1 °C=1K).

Tepmonuuamuy. mkama T. Geina ppenesa Y. ToMcomom
[W. Thomson (nopa Kembeun, Kelvin)] Ha ocHose Kapuo
meopesot. JI18 3TOH ke LENH MOXIO BOCIONb3OBATHLCA JIO-
ObIM TOYHBIM TEPMOAHHAMHY. COOTHOILICHHEM, B K-pOE, KPOME
T., BXOAST TOADKO DKCHEPMMENTANLHO H3MEPAMBIC BETTHYHHBI.

Hanp.,
Uy AN
(&)= (%) o

(p— narsenune, V—o6réM). EcnH yepes T o6O3IHAYHTD K.-T1.
OMHHpHY. T., OTCYHTBIBAEMYIO IO LLKAJle HPAKTHY. TEPMOMET-
pa. To T=T(1) ¥ 3a0a4a CBOAHTCA K HaxoxaeHHI0 ¢-uuH T (1),

M3 (1) cnenyet
(2] (). o

B npaBo# 44cTH (2) CTOAT HEMOCPEACTBEHHO H3MEPHMBIE BEJTH-
ynHb: 06béM V, faBnende p M koa-Bo Temwnotsl . Takam
cHocoGoM MOXeT GbiThb HaHAeH4 TEPMOJMHAMHMY. TeMIN-pa
T kaK ¢-1uA SMIHPHY. TeMM-phl T. TepMoAuMHaMuy. Wkana T.
CORMAZacT ¢ TEMHEPATYPIOH IIKAIOH MICAIbHOIO [430BOTO
TEPMOMETpA, €CIH PA3AOCTH TEMI-P JIBYX OCH. PEMEPHBIX
TOYEK HPHUITHCATL OANO M TO X€ 3HaueHHe. TeMnepaTyprble
JIHana3oHbl GHI. ABNCHUH MCKAIOYHTCIBHO LIHPOKH: TMPAKTH-
qecku oT abe. wyns T. (eM. Huaxue memnepamypn) o 1011 K
o BeLe (BeicokHe T.). AGc. Hynb T. HpHHUHMIHATIEHO HENOCTH-
KUM (BCICACTBHE MPEHbezo HAHANA MEPMOOUHAMUKY).

B kmacend. cTaTHCTHY. uimke abc. T. nponmopudoHanbHa
cp. KHHeTH4. Jnepruu Tena. Ha omny crenenb ceo6onbl, co-
rJlacHO TeopeMe bonblMana © paBHOMEPHOM pacrpe/IeEHHu
KMTIETHY. DHEPTHH HO CTenensM eBoboawl (cM. Pasnopacnpede-
AeHuA 3axoH), UPHXOOMTCH cp. KuMerHd. sueprus (1/2)RT.
OnHako Teopema BonblMaHa He CTpaBedndBa B TOM CIy-
4ae, KOraa MPHXOMHTCH YYHTHIBATH KBaHTOBBIC d¢dekThi. Co-
rnacHo obLeMy CTaTHCTHY. onpeaesieHnto, abe. T., mponopt.
MOMYNIO KaHOHuueckoeo pacnpedesenus Iubéca: 6=FkT (T.e.
IHAMCHATENIO B TOKalaTeNne SKCMIOHCHTH (-LmH pacnpene-
TICHHS).

Crporo onpenenéunoli T. XapakTepH3yCTCs JIHIIL PABHOBEC:
Hoe coctosHHe Te. CyliecTRYIOT, OTHAKO, CHCTEMBbI, COCTOS-
HHE K-PhIX MOXHO TIPHGIHXEHHO OXapAKTEpPH30BATh MECKOb-

KHMH He paBHbIME Jipyr apyry T. Haup., B riasme, eoctosiuel
¥3 JIETKHX M TSDKENBIX 3apAX. YacTHI (3nchp0Hon H HOHOB),
IPH CTOKHOBEHHSX 4aCTHU JHEPIHA GhICTpo mepemaéres OT
NErKHX YacTHI[ K JErKAM H OT TSXEIBIX K TAXEIbIM, HO
ME/IIEHHO OT JNEKTPOHOB K HOHaM H obparno. Ecnu cocTos-
HHS CHCTEMBI %1€KTPOHOB H CHCTEMbI HOHOB GIIH3KH K paBHO-
BECHBIM, TO MOXHO BBcCTH T. anekTpoHoB T, u T. nouos T,
HE COBMajaloIHe Mexay coboil.

MousTHe T. NPHMENSIOT TAKKE AT XaPaKTePHCTHKH Hepas-
HOBECHBIX CHCTEM (CM. TepModunamuxa Hepaeiosectbix npoyec-
co6) HyTéM BBEAeHHS T., 3aBUCALICH OT KOOPAWHAT H BPEMEHH.
B kBaHTOBOH CTATHCTHKE HCNONB3YIOT 00001IEHHOE MOHSTHE
T. Hek-pble KBAHTOBBIE CHCTEMEI MOTYT NaXOMHTLCH B BO3BYXK-
JIEHHBIX COCTOSHHSAX, K-phie POPMANTLHO X4PAKTEPHIYIOTCH Kak
COCTOANHA ¢ OTpHuaTt. abe. T. (cM. Ompuyameavran memnepa-
mypa). 3T0 He HPOTHBOPEYMT TEPMOJHNAMHKE, T. K. MOCHCA-
HS8 CTPOr0 onpenensieT 1. JIHIIb paBHOBEEHBIX COCTOSHHMIL.
Cocrosnus xe ¢ oTpHu. abc. T., paccMaTpHBaeMble B CTATHe-
THY. QHINKE, TEPMOMHAMHYECKH HEPABHOBECHDI.

Jium.: Cusyxuu J. B., Obuum Kypc GH3HKH, T. 2. TepMDu.nHaMnxa
M MOJIEKY.ISpHast HHIHKA, M 979. I'. A. Mrxuwes.

TEMIIEPATYPA KP[I'IEHMSI—TeMn-pa PABHOBECHOIO lie-
pexoaa XHIKOCTH B Nap NpH MOCT. BHENL JAaBieHHH. Tak Kak
xunenue — basoBelil nepexon 1-ro poaa, T. k. ABNACTCH TeMI-
poit dazoBoro nepexoma 1-ro pona. Huxe npusesenst T. k.

HEK-DbIX BEMICCTB MNPH HOPMANBLHOM  BHEML.  JABJIEHHH
(1013,25 rlla).

BeiuecTBo Teums " C Bemectpo Tewne "C
Bonopoa —252,6 Hon 184,35
Anror ~195,8 Tuuepsx 290,0
Aproxn —185,7 Cepnas KHCI0Ta oK. 300
Kucaopoa —182,98 Hatpnit 882,9

10D — 34,1 Linux 906
ALeTon 56,24 | Anromunmii 2500
MeTHn0BbIH CIHPT 64,5 eab 2540
DTHAOBBIN CIIHPT 8.4 Keneso 2750
An0Tnas KHCNOTa 82,6 Ocmuit oK. 5000

Tantan oK. 5500

TEMIIEPATYPA TLIABJIEHMA —TeMmn-pa paBHOBECHOro
(bazoBoro nepexona KpucTasLiuy. (TBEPIOro) BEIIECTBA B XHA-
KOE COCTOSHHC (HJI4BJCHHS) MpPH MOCT. BHEUI. JaBIeHHH. Tax
KaxK n.ag.1eHue — (pasosblit nepexond 1-ro poza, T. .— onuH H3
BHIOB TeMn-pel ha30roio nepexoga 1-ro poaa. Huxe npube-
Jemnbl 3Ha4YeHHS T. H. JU1Sl HEK-DBIX BEILECTB MPH HOPMAaJIBHOM
aapnennn (1013,25 rfla).

Bemectpo T, °C Beinectso Tany “C
Boaopoa —259,1 Hurpoberson 58
Kucaopon —218,7 YkcycHas KHCI0Ta 16,7
Asor —210 Cuuepuu 17,9
Aprou 1893 Heouit 28,4
THROBLI CHHPT 114 Hatbranmun 80,3

0| -101 Hartpnii 97.8
MeTHIOBBLIA CHHPT - 979 Hon 113,6
ALeToH — 9535 a-Kamdropa 178,5
Pry1s — 3886 |Luux 419,5
ITHACHITHKOID - 123 ANOMHAKI 660.4

Meas 1084,5
Keueso 1539
Boabthpam 3420

TEMIIEPATY PHASAl HIKAJIA —cnioco6 MonyueHHA HHCH.
IHAYEHHA TEMH-Dbl NOCPeACTBOM M3MEpeHus Ap. (u3. Benn-
YHHEI, C K-POH TEMH-D4 CBA33HA M3BECTHOH 33BHCHMOCTLIO.
Temn-pa {—BesMunHd NEAAJUTHBHAA (MHTCHCHBHAA), €
B NIPHHLHIE NIEBOIMOXHO H3MEPHTS Ge3 uenonbiobanua T. ur.,
YCTAHAB.IHBAIOIIEH CBA3L {(X ) TEMI-Pbl C M3MEPAEMOH BeJTH-
YHHOH X, H43. TEPMOMETPHYECKHM cBolicTBOM. Tep-
MOMETDHY. CBOHCTBOM MOXET CIYXHTb 3JEKTPHY. CONPOTHB-
JICHHE METafa, TEeNIOBOE PACIUIHPEHHE XKHAKOCTH, MarH. BOC-
NPHHMYHBOCTE NAPAMATHETHKZ H T. . (cM. Tepmomemp).



Yucno Bo3moxHeix T. I1., pa3THyaloWBXCS HO TEPMOMETPHY.
CBOHCTBY H BH/y 3ABHCHMOCTH f(X), MOKET ObiTe HEOr DAHH-
YEHHO BEIHKO.

TIpH BBCACHHH 3ABHCHMOCTH f{x) OOBIMHO 3aJ410T 3HAYCHHS
TEMI-D {{ W {; AJIA ABYX HKCHDPOBAHHBIX (PEHEPHBIX) TOYCK,
B K-PbIX TEDMOMETDHY. CBOHCTBO HDHHHMACT 3HAYCIHA
xy u X, B T.w. Lenncus, Peomiopa u ®apenreiita ;uis
{) NPHHATA TEMH-PA IUIABJIEHHA fIbJA CO 3HAMEHUAMH COOT-
sercTBenio 0 'C, 0 'R u 32 "F, ana {;—TeMH-pa KHUIICHHUS
BOABI IIPH 4TM. J4BJICHMH €O 3HaveHuAamu 100 80 R
¥ 212 "F cooTBeTCTBCHHO, Pa3HOCTD £3—1 ) HA3. OCHOBHLIM
HETEpeaidoM T. L, K-pblil OUpPENENseT BCIMUNHY CAMHALbL
TeMmn-pst 10 jaiHol T. ur. COOTHOWEHME AR HepecHéTa 3Ha-
YeHHH TeMI-pel W3 OJHOH M3 NPHBEAEHHLIX IIKAI B JPYTyio
HMeeT BUI

1°C=1,25; "R=(5/9)(t "F~32 "F).

"OcH. TpeboBaHHE, K-poe, Kak MpPaBUIIO, MPEAbABIIACTCS
k T. lL,— ¥3MepeHHbIE 110 HEH TeMM-Pbl JOIKHBL COBNATATE
€ TQMH-paMM, BXOOSAIKHMH B d)-.'[bl TEPMOJIUHAMHKH U CTATHUC-
THY. $H3UKH, CIyXK4lIMC OCHOBOM MUIA TEILIOHH3. pacuiToB.
Taxas T.m. Ha3. TecpMoOAMHaMU4YecKOH Ona obbriO
BBOJMTCS MOCPEACTBOM unkiia KapHo, B k-poM pabouee Telio
HacanbHOH TEIOBOH MAIHHHB! TIOTYYa€T OT HATPCBATEIIS KO.1-
BO TCMAOTHI Q) { ¥ OTAAET XOJOAMIBHHKY KOJI-BO TEWIOThl {5:
oTnomeHHe Q 1/Q; M KN MaHIHnb N={(Q,—Q3)/Q oka3bl-
BAIOTCA (b-LIMAMHU TOMLKO TEMII-D HAFPEBATEA H XOJIOMIBHA-
K4, HC 3ABHCAUIMME U OT NPUPOABI pabouero tena (Kupno
meoppua), HH ot T. . . IO K- pOM ITH TCMII-Pbl U3MEPEHBI.
TMo3TOMy ‘DM MCMOJIL3OBAHAM KOM-BA TEHJIOTHl B KdUCCTBC
TEpMOMeTpM‘L CBOHCTBY X 1A TOJyYeuHs Oonpcaci. T .
HCO6X0[IMMO 3ajaTb [OMO.IHHT. YCIOBHA KaK Ha BHA d)‘lIMM
T'(x), TAK M HA YUCIIOBBIC 3HAUCHUS TEPMOAHHAMMUY. TEMII-DbI.

COSL]HHMK) TepMO}lHHﬂMM‘l. T. 1. ﬂPel]U.lCCTBOBaHO TIpyMC-
HEHHE Fa30BOTO TEPMOMETPA, FPaAYHPOBAHHOIO 1O ILKAJIC
Ilenbenst, TCPMOMETPHY, CBOMCTBOM B HEM CIYXKHJIO JABIEHHUC
pi. Tlpy TCMH-pax 1{ M {; TEPMOMETPHY. CBOKCTBO X, =p,

H X3=p,, 10 COBP. A4HHBIM, OTHOLICHHUE p,/p = 1,3661 H p=0
opu 1= —273,15 “C. Ilpu nocTpoettHn TepMoaHHaMud. T. i1
V. Tomcon (nopa KenbBun, 1850) coXpaHun pa3Mep e/IMHUIIL!
TeMH-pbl TakuM ke, Kak 110 T. . Llenancus, nomoxus, uto
Pa3HOCTb TEMII-p KHIIEHHA BOJAbI HPY ATM. JABJICHHMH M IJIdB-
JIEHMH IbJa Takxke pasua [00. Bropoe pmomyilesue, ornpe-
JeJHBHIEE 3aBHCUMOCTDL TEMII-Pbl OT TEPMOMETPHH. CBOHCTRA,
€OCTOAI0 B TOM, 4TO OTHOILEMHC KOJ-BA TEMJIOT H TEMI-p
B 1Kic KapHo paBHO oTHolenmio temr-p: 0,/Q,=T,/T|.
B onpenenénnolt TepmoguHamud, T. . KenbBHHa HAaMAM3HAS
BO3MOXHAS TEMII-P4, COOTBETCTRYIoAA =1 B iugs1e KapHro,
HMeeT 3HaucHUe 7y =0 (abC. Hynp), @ B Fa30BOM TEPMOMETPC,
3aMONREHHOM HACaAbHBIM rajoM, p=0 upu T (=0. BTopoi
penepHoil TOYKOH TepMoauHaMuy. T. 1., TCMI-pa HO K-poi
A3MEpAeTCH B KebBUHax (K), CYXKHT ToYKA MIABNCHUS NbAd
HpH aTM. JaBieHuH: 7;=273,15 K. Cps3b 3HaYEHMUI TEMII-PbI
1o tepmomHamud. T. w. 7°(K) 4 no razoBoMy TepMoOMeTpy.
IPanyMpoBAHHOMY mo nikane Liembeus, °C onucblpacTcs
¢-n1oit

T(Ky=1 "C+273,15K.

B CIUIA yacTo noib3yiotcs TepMoauHamuyd. T. w. PaHkuua,
B K-POfi pa3Mep €/IMHHIIbI TEMI-pbl BbIOPAH TAKMM e, KAk
no T. w. Papcureita; 3HAYCHHA TeMn-p 1o wkaic KenbpuHa
R Ho wkaile Pankuma T(R) cBA3aMbl COOTHOLHEHMCM
T(K)=5/9 T(R). TepMOAMHAMHY. LKA MOXKET OBITH TAKKC
BBEJICHA COTTACHO 8MOPOMY HUNUAY MEPMOOUHUMUKI; MOXHO
CTPOTO JOKA34Th, YTO TEMI-Pd 7. ONPCACTACMAA B ITOM
Iydac KaK MPOW3BOAMAA OT JHEprHM & MO JHTpOmMM S:
T=d#(dS, coBnajaeT ¢ TeMN-poi, BBCAEHHON MOCPE/ICTBOM
makna Kapro.

TIpn u3mepeHuu Temu-pbl N0 TepMo/uMHamhd. T. ml. Ha
NPAKTHKE NPUMEHAIOT, Kak Mpasuio, HC UHKT Kapwo, a ogxo
B3 CTPOrHX CJIEACTBHA BTOPOTO HAYAN4 TEPMOIMHAMUKH, CBS-
ILBAIOLIMX  YAOOHO HM3MEPAEMOE TEPMOMETPHY. CBOMCTBO
€ TEPMOIHHAMMY. TEMII-POH: JAKOHB! MACATBHOTO Ia3a, 34KO-
HEl M3Nyu4€HHA abcosromuo uépuozo mega, Kopu saxon s
ROEANLHOTO NapaMarHeTuka, Hatikaucma gopmy.ty 1S TEMNO-

BBIX ()/IYKTyalHH HaNPSXKEHHS HA DJIEKTPHY. COHPOTHBJICHHH
w 1. a. Tcpmomerpsl, ana K-poix T{x) HOmy4e€Ha H3 OTHX
COOTIONICTIHH, Y4ACTO Ha3. HEPBHYHBIMH. B HHTEpBaje TeMI-p
3—400 K naub. BbICOKYIO TOMHOCTb H3MEPEHHA oBecneunBaeT
Ta30BBIA TCPMOMETP, 4 B HHTeppase 400—1330 K— paauan.
TepMOMETp. f{lepBHuHbIE TEPMOMETpPBI BLICOKOH TOWHOCTH
HPEACTARIAIOT CODOH, KAK NPaBHIIO, 'POMO3JIKME YCTPOHCTRA,
HCHDHI'OJHbIE JUIS TIPAKTHY, W3MepeHwid. WX HajHaueHHe —
nepelaTh vepMoaMHaMMy. T. IH. y10GHBIM YyBCTBHTENLHBIM
H CTaGHIILHBIM BTOPH Y HBIM TCPMOMETpaM. [Tockobky
JulR TCPMOMCTDHY. CBOHCTBA BTOPHYHOTO TEPMOMETpA, HAHD.
IEKTPHY, COMPOTUBIHCIIHA MCTAJL1d, HENb3A 3apdHee HaHTH
TOYHYIO 3aBHCHMOCTL T'(x), €10 TpagyupyroT no TepMO/THHA-
Mmuy. T. 1. B YUCIIE TOYEK, JOCTATOUHOM JUIA MOTY4eHHA BCel
1 paAyHpoBOYHOH KpHBOH. Takas Hpouedypa OueHb TPYAOEM-
k4, KOT/J4 YHCIO Ipa/lyHpYeMbIX BTOPHYMHX TEPMOMETPOB
BEIMKO. ECIH, OLHAKO, TCMHEP4TYPHBIC 3aBHCHUMOCTH OAHO-
THITHBIX BTOPHHMBIX TEPMOMETPOB C1a60 OTIHYAKOTCA APYT OT
JPYI'a, MTO MMCET MECTO TIPH HCTIOJIL3OBAHHM B TEPMOMETPax
COTIDOTHBJIENHA IJIATHHLI BBLICOKGH YHCTOTHI, TO Tpoliedypa
CHJILHO YNIPOWIACTCA. B 3TOM Cllyuae M3MEpHETCA M paccyu-
THIBAETCA [IPEAEITLHO TOYHAA CTAHAAPTHAS 3aBHCHMOCTD JIIEK-
TPHY. CONPOTHBIICHHA OJHOTO TepMOMeTpa oT T, a Malbie
TIOHDUBKY 714 TPayHPOBOYHBIX KDMBRIX OCT&JIbHbIX TEPMO-
METPOB BHIYHCIAOT HO PC3YIbTATaM H3MEDEHHH WX compo-
THBICHHH B HeOOJILLIOM UYMCIE DENEPHBIX TOUCK, TCMI-Pbl
K-pblX MO TepMOAWHaMu4. T. 1L onpenesieHs! 3apadee.
Onucauplf  Crioco TPagyYHPOBKH TEPMOMETDOB  JIEKHT
B OCHOBE MEXAYHapoaHo# T. 1., K-past BOCTIPOH3BOIHT TEMII-
Pbl 0 TepMO/MHAMUY. T, II. € MMH. OTKIOHEHHAMH OT HO-
cacaHel. BaxHoe npeuMymecTBo MexayHap. T. uL—eé Hesa-
BUCMMOCTB OT KOHKPETHOrO TEPMOMETPA — HOCHTENS IKabI.
B 1990 McxayHapoaubii KOMHTCT TIO MEPaM W BECHM
TIPHHAN HOBYK) MEXIYHAapPOAHYIO TEMIMEpaTypHYW wiKajay
MTI-90, ocHOBANNYIO Ha HAaHG. TOYHBIX U3MEPEHHAX TEPMO-
JAMHAMHY. TeMn-p. TeMil-pbl OCH. -penepHbix Touex MTII-90
npuBeacHsl B Tabi. B duamasone or cBoero HMk. mpedena,

¥pB1 rouex MTIL-99
Temueparypa, K Bewicctao Tun tourH

or 0,65 no 5 He-3, He-4 (T)
13,8033 H,

17 H, nin He p,(T) n.rm I.T.
20,3 H,unn He p{T) mIR I.T.
24, 5561 Ne T.T.
54,3584 0, T.T.
83,8058 Ar T.T.
2343156 Hg T.T.
273,16 H,O T.T.
3029146 Ga T.nA.
429,7485 In T.3.
505,078 Sn T.9.
692,677 Zn T.3.
933473 Al T.3.
123493 Ag T2,

NEHHE NACKILEHNKIX NAPOB; T. T.— TPO#-
T.H1—TOYKA IUIABIICHHA;

Ps» T—TeMneparypa v
Mas TOYKA; I.T—TdIOBRA TepMoMeTp;
T.3.—T0UK4 34TBEPACBAHHA.

pasHoro 0,65 K, u mo 5 K MTII-90 Bocnpou3BoauTca 1o

' IABJICHHIO HACBILEHHBIX [TapoB renus. B uuteppane 3—13,8 K

HCTIONBIYCTCA F430BBIH TEPMOMETP, a B WHTeppane 13,8 —
24,5 K nonyckaercs NPHMEHEHHC KaK Ta30BOTC TCPMOMCTDA,
TaK M IUIATHNOBOTO TEPMOMETpA COTIPOTHBICHWA. Baiue
24,5 K u pmiots 10 1235 K MTII-90 Bocnpou3BoauTes Mia-
THHOBbIM TEPMOMETPOM, 4 TIDH GoNiee BLICOKMX TEMM-pax —
PALNAIMOHHBIM  NUPOMEmpoM, HIMCPHIOLHAM  OTHOLCHHE
CTIEKTPANbHBIX MIOTHOCTEH CBETOBOrO NOTOKA abcomoTHo
UEPHBIX Tell COTNACHO [laaHka 3aKOHY UBAYNEHUR.

B obnactu Temn-p Huke 0,65 K yaine OpYrHX TPHMEHRAIOT
T. 1., OCHOBAHHLIC N 3aKoHe KIopH A8 Mard. BOCpHHMYH-
BOCTH MEKTPOHHBIX ¥ AACPHBIX TTADAMATTICTHKOB, (PIyKTyalUu-
SX HATIDSDKEHHH HA JNEKTPUY. CONMPOTHUBIEHHH, a TAKXKe Ha
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TEMIIEPATYPHON 3ABHCHMOCTH [aB/1CHUA B TOUKC NNABIICHHA re-
nus-3, st rpadyMpOBKH JTHX M Ap. TCPMOMETPOB OOLIMHO
HCTIONB3YHOT TEMII-PBI NICPEXO/1A B CBEPXMPOBO/ISILEE COCTOAHHE
HEK-PBIX MCTAJUIOR M MHTEPMETAJUIHY, COEAMHEHMH, M3 K-PhIX
CaMyI0 HHU3KYHO TEMI-DY HMeeT nepexo B Bojibdpame (15,5 MK),
4 TAKXKE TeMI-pbl MEPEXO]A XKMAKOFO rens-3 B CBEPXTEKy4ec
cocrosanue (2,75 MK), nepexosia €ro Bo BTOpYIO CREPXTEKYIyHO
tazy (2,18 MK) u nepexon TBEpAOIo reans-3 B aHTH(EPPOMArH.
coctosuue (1,1 MK). Cm. Takxe Huskue mesnepamypol.
: Kpuyenckuit M. P, [MopsaTus u ocosbl r\,pMOJMHdMMKM
1970: Kyunn T., TeMnep.nvpd nep. ¢ aHra., M., 1985,
) | . H. Acmpos.
TEMHNEPATYPHOE MAIYUYEBWE —cm. Tenaosoe us.
uesue.

TEMIIEPATY PHBIE BOJIHbI — 11epHO/IY. H3MEHCHHS pac-
NIPE/IESICHHSE TEMIT-PBI A CPefie, CBA3AHHEIC C IEPHOIHY. Kosteha-
HMSIMH IUIOTHOCTH TEMIOBLIX MOTOKOB, MOCTYMAMLINX B CPCIY.
T. B. UCTILITLIBAIOT EHJILHOE 3ATYXAHUC HPH PACTIPOCTPAHEHHH,
JUIA HHX XapaKTEPHa 3Ma4MT. JHCTEPCHA — 33BUCHMOCTD CKO-
pocTH pacripocTpadeHus oT 4acToThl T. B. O6muno xosd.
saTyxanus T. B. npuGaMkEnno paBeH 2m/A, 1/7le A — AnMHa
T. ». Ans mMomoxpomaTHy. miocko# T. B., pacmpocTpaHsio-
HIEHCS B/IO/Ib TEIUIOH30JIHPOBAKIIONO CTCPXKHA MOCT. MONeped-
HOTO CeueHHsa, A CBA3aNla C MEpHOAOM KoeGamuii T H k0.
TEMIIEPATYPONPOBOAHOCTH X COOTHOIUGHHEM: A =2./TXT; IpH
3TOM_CKOPOCTb TiepeMellienis 1peCHelt BONMHb v=4mx/A =
=./4nx/t. T. 0., 4eM MEHLILC NEPHOM kosicGanni (MCHBINE
JUIHTIA BOTHbL), TeM T. B. BBICTpee PACIPOCTPaHAOTCH U 3aTy-
XalOT Md MEHBITHX PAcCTOSHUAX. 3a I1yOHIY NMPOHWKHOBENHA
110ckoi T. B. B cpeay NPHHHMAKOT DACCTOSHME, Ha K-pOM
KOJICOAHHA TeMN-Pbl  YMEHbILAKTCE B ¢x2.7 pa3i, PaBHOC
A2m= , T. € UEM MeHbllie MEPHOI, TEM MeHblue riyou-
Ha npoHukHoBeHHA T. B. Hanp., TilyOHHa TIPOHHMKHOBCHHS
B HOUBY CYTOUHBIX KONEGaHUMH TEMI-PbI MOYTH B 20 pa3 MEHb-
1He Ii1yGHHBI IPOHUKHOBEMHSA CC30HHbIX KoeOanuit. Hiyuenne
T. B. SBIACTCA OJIHHM H3 METOAOB ONPC/IENEHHA TEMIEpPATY-
POHPOBOANOCTH, TEMIOEMKOCTH M JIP. TEMIOBbIX XdPAKTEPHC-
THK MaTepHasos. Metoa T. n. ocoberno yoben ang niMepe-
HHA X4PAKTEPHCTHK YHCTHIX BCILECTB TPH HH3KUX TEMI-pax.
Crnabo satyxaromwe T.B. B cBepxrekydem xkuakoM He II
NPC/CTARANIOT COBOM  Ko:1e6aHMA TUIOTHOCTH KBAZHYACTHI
{cM. Ceepxmexyuecms, Bmopoi 38yK).

JIum.:Kapc vloy I' C., Erep /I, TeNoNIpoOBOHOCTE TBEPALIX TLH,
Hep. ¢ aHIL., M., 196
TEMI'IEPAFYPHB[E HATPSKEHUS — nanpakenus, Bos-
HHKAIOLIME B TENE BCIE/ICTRHE DA IHYHA TCMI-pHl Yy pa
4acTeH Teld M OrPAHHYEHHS BO3MOXKHOCTH TCINOBOTO pac-
(UHPEHHS (HNIH CXATHA) CO CTOPOHBI OKPYXAIOIUHX HacTei
TCa HilH CO CTOPOIMbI JAp. TCH, OKPYXAtOMIHX AaHHOE (Hamp.,
PACTATHBAIOUIME HATIPAXKCHUSA B HATAHYTOM MCXKY HETIOBHXK-
HLIMH QTIOPAMH UPOBOAE TIPH €ro oxfaxaeHuu). T. v, MOryT
6BITb NPUHHHOA PA3PYNICHHS AeTANICH MAILMH, COOPYXKEHHH
H KOHCTpYKUMiH. 15 NpefoTBPAlIEHHS TAKHX pa3pyUICHHH
HCHONB3YIOT T. H. TCMNEPATYPHBIC KOMIEHCATOPBI (3a30Dbl
MEN/Iy PENbCAMH, 3430Dbl MeXy OIIOKAMH IUIOTHHBI, KATKH
Ha OTIOPaX MOCTA H T. IL).
TEMIEPATY POMTPOBOJHOCTb (xkobduunent TCMHCpa-
TYPOTIPOBOAHOCTH)— IAPAMETP,  XAPAKTEPHIYIOUIHA (KO-
POCTb M3MCHEHHA TEMTI-Pbl BEINIECTBA B HECTALHOHAPHBIX TCI-
JIOBBIX NPOLIECCAX; MEPa TEMIOHHEPLL. CBOHCTB BCMIccTRa. Unc-
JICHHO PaBHA OTHOLICHHIO K03(). TCILIONPOROIHOCTH BEIIECTRA
K TIPOH3BEUCHHIO €T0 Y. TEMIOEMKOCTH (IIPH MOCT. J4BJIEHHH)
Ha TUIOTHOCTb; BBIPAXACTCA B M2/c.
TEMITEPATY Pbl BBICOKME — |) Temn-pet 7, npeBbiLLdio-
LLHE KOMHATHYIO TeMH-py (>300 K). Harpes mcranauy. npo-
BOJHHKOB 2JIEKTPHY. TOKOM TIO3BOIIAET JOCTHIHYTh HECK. ThIC.
K, nmarpes B miaMcuM-—Hpumeprio 5000 K, sickTpHy. pas-
PAABI B ra3zax—OT JECATKOB ThIC. A0 MuinHoHoB K, Harpe
JIA3€PHBIM JTy4OM — 10 MecK. MIH. K, TeMn-pa B 306 TepMo-
A0EPHOH PEAKIMA MOXET COCTaBNATE ~ 107—10% K. B mo-
MEHT 06pa30oBANHA HEHTPOHHBIX 3BE3/T TCMIN-Pd B MX HEAPAX
nocruraer ~ 10! K, a Ha mau. craansx passutus Beenenwoit
BEHIECTBO MOIJIO MMETh €IUE GOMbIIYI TEMTI-PY.

Jun
2 waa., M

B

2) TeMn-pel, TPeBOCXOASIIMC HCK-PYIO  XapaKTepPHCTHY.
TEMI-pY, NP JOCTHREHHH K-POH IPOMEXOJIUT KAHECTB. H3IME-
1eHUC cBOMCTR BemecTs. Tak, Aebus memnepamypa © 5 onpe-
JICAACT IS KAXK/IO0MO ACMIECTBA TCMICPATYPHYIO [PAaHHILY, Bbl-
11e K-POH HE CKA3BIBAIOTCA KBAHTOBhIE YQPEKTHE (B ITOM CIly-
sac T.B. T>»0,). K TakHM XapakTEPHCTHY. TeMu-paM
MOXHO OTHCETH TaKXKE MeMNCPAMypol RAAR:teHIS, PAIT PAHHYH-
RaKoILHe o6NTacTH FBEPAOTrO W KH/KOI'O COCTOAHMIl BEWEETB,
KPUTHH. TCMN-PhI, ONPCAC/SIOINHE BEPX. IPAHHILY COCYIIEETBO-
BAlIMA AP H KUIKOCTH, TCMI-phl, NPH K-pPhIX HaYHHAETCH
auceolHalina MoekyT (T~10% K) uin HOoHM3auus aToMOB
(T~10* K) u 1. 1. Cm. Taxxc JKempemaisiioe cocmosiHie
seujecmsd. 3. H. Acunosckui.

TEMIEPATYPbI KOMITOHEHT [TJIA3MBI — pesnumHet,
XAPAKTEPH3YIOMIHE CP. KHHETHY. SHCPTHIO KOMIOHEHT LI 3MH,
B TepMOIHHAMHY. DaBHOBECHH BCE KOMIOHEHTBI MMEKT EIH-
NyIo TEMI-PY, 9TO COOTBCTCTBYET Makceedaa pacnpedeaenuo
HACTHL TIO CKopocTaM H Bodsymana pacnpedesenuro no Bo3-
GyXAEHHBIM YPOBHAM. BONbIIME Pa3i1HYUA B 3HAYCHHAX BpE-
MEH PEAUKCALIMM /IS PA3HBIX TIO MACCE “YACTHIL IPUBOAAT K
TOMY, YTO DUBMOBCCTIRIC pACTIpeaeieHHs Makcepe1na 1 Bobil-
MadHa JUIA 3eKTPOHOB H TAKCIIbIX 4ACTHI YCTAHABIMBAIOTCA
ropa3/lo GLICTPEC, 4eM NMPOMCXOAHT IHEProOOMEH Mexay HH-
MH M YCTAHABHBACTCH €1MHas Temn-pa. [TosTomy mnuasma
XaPAKTCPH3YETCH OT/ICBHO MOHHOH W 2JIEKTPOHHON TEMII-pa-
MH. Hamip., B OMHOCTBIO HONMIOBANIOH BOIOPOIHON IIA3Me
OTHOIICHHE BPEMCHH YCTAHOBJICHHS O;IEKTPOHINON TeMI-Phl
X BPEMCHH YCTAHOBNCHWS MOLTION W BPESMEHH WX BLIDABHWBA-
HHS €CTh BCTHYHHbI NOPAIKA

1: fr T3m T3 mfni,~1:43:18-103,

T. €. HMEETCH CYIIIECTBEHHOE pa3JIHiHe BPEMENH YCTAHOBJICHHA
TiuT,.

T4K KaK MCTOYHHKH H CTOKH IHEPIrHH CBA3AHBI C pA3HBIMA
KOMIMOHEHTAMH TUIAIMbI, 4 EKOPOCTH nepenoca apoyeccos 1N
91eKTPOMOB H HOIIOB OTJIHYAKTCS Ha MOPAAKH BEJUHHHBL, TO
3nayeHHs T. k. 1. T, 0 T; MOTYT CHUILHO OTIIHYATbCs /YT OT
apyra. B 4acTH4HO WOHM3OBAMHON Mi1asMe obwumo 7 co-
BilaAa€T C TCMN-pOH TAXENBIX HACTHI[ (ATOMOB M MONEKYJ).
MK IOHCHHE COCTABIIAET C./'ly‘l'dﬁ, KOorjia MaccCel TAKENRX Hac-
THL CHJIBHO DAa3NHYalOTCA. B rasoBom palpsaze, Hamp., OCH.
HCTOYHUKOM JMEPTHHU ABISAECTCH JXKOYICR HArpes ’*)IICKTpOHDB,
3ATEM DHCPTHs MEPeIaETCA TAKENBIM HACTUUAM U BHIHOCHTCR
Hd CTEHKH M AICKTPO/IbL. l'Ipu HH3KHX JIABJICHHAX, KOT/4 Ten-~
nonepcroc spdekruscH, T, abbluuo NpeBRIIAET TeMH-PY Hel-
TPpaJbHBIX HacCTHIl TN Ha NBa HOpAjakA. C POCTOM NABJICHHA
3uaucHus T. k. 1. B paspane Cﬁfl}l)l(alOTCH H B Tipeaene ycra-
HARJIHBACTCA JIOKAJThHOE TCpMO}'[MHdMM“l PpaBHOBECHE, Xxapak-
TepU3ylollgecs oOLIeH TeMIT-pOi.

B CHJIBHOHEPABHOBECHBIX CHTYALMSX, KOT/Ia (-1MM pacrpe-
JACIICHHA KOMMOHEHT CUNBHO OTNHUJIOTCA OT pacnpe,r\c:\eﬂui
Makcpeana u Bonbumana, nonstuem T. K. I Takxe MONB3Y-
HTCS, BBOJIA €I'0 COTIACHO yp-HHIO

30, Tu= (0 —u,)2 1, do.

Tle #,— KOHLUEHTPALHUS, ¥,—CpP. CKOPOCTb, f,—(-nus pac-
TPCACICHHA YACTHI] KOMHOHEHTBI . Fciti HMeeTCs 3MauHT,
AHWIOTPONHA (-LMIi PACTIpE/ICIICHAS (HATp., B Mard. none
B PEXKHME PEAKHX CTO.WK}IOBCHMﬁ), YACTO BBOJAT MOHATHA
NpoACIbHOK T, M NMOHEPCUNOH TM MO OTHOWNIEHHIO K BbLIE-
JICHHOMY HANpaBIICHHK) T. k. m. OIlHHKO CIIEAYCT YY€CTh, 4TO
€CiTH -IIMH PACTIPEAENEHHA CHITBHO OTJIHYAIOTCH OT PABHOBEC-
HbIX, TO OHH /&7 THLWb 3HAYCHUA CP. JHEPrHUH XAOTHY.
JIBHXCHHA. OnucaHHE COCTOSHHUS TIIIa3Mbl C nomoupio T. k. H.
YACTO OKA3bIBAETCH HEAOCTATOYHLIM, H I8 KOJIMYECTH. BBIBO-
AoB OGbl‘ﬂlD HCDGXO}IMM KHHETHY. aMajn3i.
Jlum. cM. LipH CT. ) m LY PHOE HAA3MBL.
B. A Pm«.amxuu,ﬂ . Lendun.
TEHEBOW METQN — meton DGHdpy)Kel'lMﬂ OHTHHY. HEOAHO-
pO}]HDCTCH B IIpO3paqHAIX NPEJIOMIIAIOIIHX cpeilax H }.'leli)CKTDB
OTPAXAMONIHX TIOBEPXNOCTeH (HAmp., 3epkal). Brnepsrie Hpen-

moxen B 1857 JI. dyko (L. Foucault) ans oTpaxatowux mo-

BepxHocTed. B 1867 A. Téunepom (A. Tocpler) smoT meron
6bin YCOBEPUICHCTBOBAM MPH HCCIICAOBANMH TIPO3IPAYHBIX HPE-




JIOMANOUIMX cpest. T M. B, TakKAC 1ELIMPCH-\ICTOA0M (01
sem. Schliere — onTHu. HCOIBOPOAIOCTH, CBH.IL, ULIMP).

B T. M. myMoK (IyMCH O TONCYHOLO TLHI LCICBOIO HCTOU-
HHKA CBCTA [ (PHC.) JIHION MO CHCTEMOIT IS M SepRAT
{2—2") HARPAB.INCICA YCPCE HC oMt obLek) () a0 o-
KYCHPYETCS Mil HCUPO3PAUHOH nper pitie (5) ¢ ocrpoil Kpovkoi
(Ha T.H. Hoxt DyKo) TUK 4T0 WOODRUKCING JICTOMINKL
TIPOCHMPYCTCH HA CaMOM KDl HPCLPasibl. Tean B Heceny-
EMOM 00DBCKTC HCT ONTHY. HCOANOPOANOCTCH. 10 BCC wyHe
OT HEro Ny4M 3a1CPRHBAIOTCH Opel Pi1oi. Hpu iaug on-
THY. TEOAHOPOANOCTH () ayun Oy.ayt PUcceHBiarben Cto
H 4aeTb HX, OTKIOHHBINICH, HPOILAET Boitne nper pass flocta-
BHB 3a HCH NPOEKIOHHBIK OOBCKTHB (F ] HLIS OKYIS[. MOKHO
Ha YKpaHe (7) N0IYHHTL M300pakeHHe HeolHopoanocreid (&)
HAH HabmIoAuTh MX BHIYQIbHO. MHOLAd BMECTO TOUCHono
HCTOUHHKI CBCTA M 10K DYRO IPHMCIAKO T OIITHUCCRH CONPS-
KEHHBIE PCWTKH  (pacmpor). UCPCKPLIBLONLLE x0T A1yHaM
B OTCYTCTBHE HA HX IyTH lcotHopouocteii. Hpumensiores
TAKKC PEUICTKH CO MICHAMH B BH/IC JBCTHBIN CBCIO(ILIBTPOB,
HO3BOIAFOHIMC HAUASLICC OTPCILI I 1 XaPAKICD OUTHY. HCOT-
HOPOAHOCTER. TTOMYUICHHE MCHEC KOICIPACTION KaPiWHbI 301
HIMEHEHHA OMTHY. ILTOTHOCTCH OOBCKTA BOIMOKMO O3 Hepe-
KPBITHSE Tyuelt HowoM Dyko ui peniérkanit. 1Tpocseuisanne
ODBEKTY JIBYMA ONTHY. CHCTCMAMM, VCIRHOBTCHHBIMA 10O
YIROM APYT K PYIY. MOZBOJSCT MOAYUNTL  C1CPCQUKOIEY.
KAPTHHY PACIIPCAL.ICHASL LICOUIOPOIHOCTEH B ofLeKTe.

T. M. TIpHMERSIOT  (PIT HCCICIORAIIAY  PUCTIPCAC. [EUMH
IIOTHOCTH BOSAVHILHGIX OTOKOB, OOy iiiixest 1P o&1eka-
HUH MOAENCH B OPOIUHUNMUHCCKIN DIPYCAX, MCHOITINIO LTS
TIPOEKLIMM Hal JKPUH HIOGPAAKCIIE (1O IYHACMBIX 1§ BI ¢ 01 THY.
HEOOHOPOAHOCTCH) B MY 36IPBROGHIN Kdaepdn. 1 TCICBHS. CHC-
TeMaX NPOCKLMH B GOIBIION IKPAll 1 1p.

Jhum.: Bastioe Ho AL Pacrposiie ousweckie npudopsl, M., 1966:
Bacwabes JI AL TeneBrie weroan, M 1Y6N oL Buaoc,
TEHER 3OPEKT — 803HUKHOBCHUC XAk 1CPHbix MEITMY-
MOB MHTEHCHBHOCTH (TCHEH) B YIll. Paciipe (e iCHHL 9acTHIL
BRUIETANOIMX MY ¥3IOB KPHCT MG, pernCiku. 1. . Obr1 0b-
HapykeH B 1964 A @ Ty inioneim i uvsabieiyo b JloMeem
# K. Bpépxancrom. B paborax Tyasmiops 1enn sabiakaincs
B MOTOXAX HACTHII-— NPOAYKTOB SACPIUBIN PLAKIME Hd KPH-
CTANNY, MMILCHH., OO.IyuCHHON YCKOPCHILIMI HaCTHIAMM,
B ombrrax floMen M BbEPKBHCTA HCTOMHIKOM 3UPSK, HACTHIL
GBUTH Q-DAAHOAKT. AIPK. BRCACHNDIC 5 y3.hd KPHCTULIHY. Pe-
WETKH METOAOM Gounoit e, Bee 1oceyione
IKENCPHMCHT B! JIPOBO;THIINCE 110 LEPBOI CXeMe.

| JList NOIOKH 1L IO 3UpsA, “acTHIL
(NMPOTOHOB, -l Gusiee TwE-
JIBIX HOHOBY, MCNyC V0B
KPHCTALLIMIL PCIMCTRUL 15C BUC 1Al 8-
HCHHA B KPUCTALIC DKIBIIOLCH [10-
CrynmupiMu. Beriact wacrun noianpap-
ACHUAX  KpHeTasictorpadud. occi
R TLIOCKOCTel  «OITOKHPOBALD  H3-1A
PUCCCAHUS NX KICKTPUY. 1I0.ICM aTOM=~
HBIX S7CD, OOPAIVIOUIMA YIH O MK
TIOCKOCTH. B ML pacnpeiie;IcHiH
HACTHIG,  PEVHCTRHPYCMBIX  Bile KPH~
crasa. NABTTHLLNOICE  MMMIMYME
HHYCHCHBHROCTH —«1¢HU o KpH-
CTadpIorpadiy. o WoIrlockoCt et

(pre. 1), Y pasMepbl occBoR TeHK
OIPL CHRIOTCH COOTHOTHCHHC M
Yoz A et Ed
Puc. ). OfpasoBuime CiAC s, —HOMVINMPHEL  fCHH 2,0,
TeHH, E—RUPAT B WCPTIN ABRYIICHCH

5 @uomricckast AHHKAONCAHSL 1

YACTHUBL, Z2¢—3aPAN AP aTOMA KPUCTAILIA, d— Paceros-
HHC MUKy COCCAHMMH aTOMamu BAOAb ocH. [y mpoToHoB
¢ &~ 1 MoB Beamunsa Yo~ 1" . MHTCHCHBHOCTbL YuCTHIL B LEHT-
pe Teun ;uia Se3edekTHOrO KpueTaania npumepro 8 100 pas
MEHBLIIC. YeM Ha nepHdepun (puc. 2).

Pue. 2. Viiiopoe  pacnpeaelicie
HUCTHLL, BBILACTAIOIMX M) KPHC147-
12 8 00.TUCTH TEHH.

° g 4

T. ). OTHOCMTCH K TPyNNe 1. N. OPHCHTAIMOHUBIX SBICHUH,
HaB.TI0AEMBIX 11DH OBJIYICHHH KPHCTAJUIOR NOTOKAMM HaCTHIL,
JIBa OPMCHTALMOTHBIX  HPDCKTA ~— KANUAUPORANUC  3APARCCH-
1oty ygemny W T, 3.— JONOAHAIOT [PYr ApYyra: mepBblii oT-
HOCHTCS K HACTHIIAM, IBHKYIUHMCA B OORACTAX KPHCTLIA
€ MOHIKCHEON TAOTHOCTBIO BEILECTBY, HTOPOH —— K HaCTHIIAM,
OK431BLIMMCA B MEETAX, M€ ILTOTHOCTh BELIECTBA MAKCHMANb-
13, B akenepumenTax, caszanibix ¢ T. 3. ONPEAensioT BCPOAT-
HOCTh HOTIAAAHHA B OUPCACAEHHBIM 0BPABOM OPHEHTHPOBATI-
HBIfL ICTEKTOP HACTHULI, BBIICTAIOMCH W3 y3)Ia PEETKH, TOT-
N4 KaK B OKCNICPHMENTAX MO KaHATHPOBAUKIO H3MEDHIOT
BCPOH IHOCTD  HOTAIMAHHA OPHEHTHPOBAMHOTO TIV4Ka HACTHIL
B /PO ATOMA KPHCTU A,

T. 5. MoxeT nabatORaTbCA H B Y. DACHPCICICHUA YACTHLL,
HCTILITABIIHX pC',\ep(lNl]’)}]OHCKOC p‘dCCC“HMC Ha 60.‘“)![]”" yron
HPH CTOAKTIOBCIMM ¢ SADAMH KpueTanna. Tk Kak NPHLETLHBIC
PACCTOAHNSA, COOTBETC IBYIOLIIHC PACCEHTTHIO 1 OOTRNIUC Yribl,
HARHICIBHO  MEHBIIC  AMIUTHTYAB  TCIOBBIX  KouicBaionit
ATOMOA B KPHCTLULIMY. PCMIETKE, TO MOMHO CHHIOTL, YTO
PACCCHITHBIC YACTHILLL HAYHHAIOT ¢BOC IBHKEHHE NDAK THICCKH
108 PCINETKH. PErHCTPAUHS YITU PACTIPCACICHAA pac-
COHIMIBIX HACTHI{ B BOJIBIIOM TEICCHOM YIJIC. HAlp. ¢ No-
MOMbBIO S0epholt fiomoepausieckolt JMyapcir, KOIBOISCT T10-
AYMHTBL CHCTeMY TCHC-—HOHOrpammy (pue. 3). TlgrHa

Pue. 3. AoRo1 puMMa MOHOKDHC Ll BoStb@pamil.

H THHMH HA HOHOFPAMMC TIPHHIMNHAILHO OTUTHUIILL OT IATEH
W MAHE, NOMYHAEMbIX NIPH H3YHCTTHH KPHCTAMLIOR JIMdpakiL.
MCTOIAMM (POIneenoepaifies Mamepud.aos, Jermponocpadiua
steamponospagug). M3-31 Maaoh aonisl BonHw A¢ bpoins
1akEapix wacTHn (A~ 107'2cM JUIS UPOTOHOB ¢ IHCPIMCi:
& ~1 M»oB) jmudpaxil. SBICHHS NPAKTHYCCKH HC OKa3bIBAKY1
BAMARNS Ha obpazosanue Tenel. HabnogacMele naToa u am-
HHH ABJISIOTCA PC3YJIRTATOM HUCTO KODHYCKYJISPHOIO Xapak-
1epa ABHKCHHS HACTHLL B KPUCTANIC M COOTBETCTBYIOT
POCEHCHHIO € NAOCKOCTHIO (POTOUTACTHNKN KPML 1215101 Pad
occll M naockocTed. Kak ©NCacTsMe HTOro, ICMCHTIM
MOHOIPAMMbI HE CBOHCTHCHIbI Of DuHMHCHHS 1jd pa3pentitio-
HIYIO COCOOHOCTD, NPUCYIITHE AHBPAKIL KAPTHIUM (ROSTH 30E
PA3MLITHE TISTCH). PaclpefiencHue HHTCHCHBHOX 4 THIL
B NpCAENUX OAHOH TellM, OCCBOH MIHM ILIOCKOCTHOW, cupe-
AENACTCH TAKMMH QAKTOPAMH, KK COCTAB M CYPYRTYPA KpH-
CTA/NA. BHIL M 3HCPIHS HACTHL, 'YCMI-Pa KPHCTALTA THH
H KOJI-BO JICHCKTOB. .

TEHEW
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TEH3O0OATUYMUK

OcHoanHbIH Ha T. 5. MeTOX HOHOTpadHH HAEN NpH-
MeHeHHe B QH3nke TBEpAoro Tena. OH HCMOJB3yeTca B TexX
061acTaX HeenenoBaHHA, Ta¢ AU(PAKIL METOMBI HEIPHEKTHB-
HbI: H3YYCHHE CTPYKTYPbl TOHKHX MOHOKDHCTRJUIMY. TIEHOK,
MOCJIORHOE HECIENAOBAHHE CTPYKTYPHI KPHCTalla BOJH3H €ro
TIOBEPXHOCTH H H3MEpEHHE PacTpe/ic/enHs AeEKTOB H NpH-
MECIIRIX aTOMOB HO IJIyGuHe KpHCTasia Ge3 pa3pymienus o6-
pa3lia, OHPEZEICHHE NOTOKEHHA HDHMECHOTO aToMa B Aueiike

KPHCTAILA.
Ha 6aze T. 5. pd3pd60TaH METOJL H3MEpEHHS BpeMeu Hpo're-
KaHHs AAepHbIX peakimil B oWamasone 107 18—10717 ¢. Mpn

0O6TyUeHHH MOHOKPHCTAJUTHY. MHIUCHH BHICTPLIMH yacTHIAMH
00pasylowasca cocTaBHAas ANCPHAA CHCTEMd CMELNAETCA H3
Y3112 KPHCTAJUJIHY. PelIETKH MOJA ACHCTBHEM HMMYJIbCA HacTH-
1bl. TIPOAYKTHI PE4KLMK HCIYCKAOTCS HA HEK-DRIX PACCTOSHH-
AX OT Y3JI0B PEINETKH; 3TH PACCTOANHA ONPEAENAOTCA CKO-
POCTBIO COCTABIONR CHCTEMBI U H BPEeMEHEM NMPOTEKAHHA AEpP-
HOW peaxunn T. TIpu cp. cMeweHud vt>107° cM cTenenn
3aHPETA Ha JIBAXKEHHE 3aPAXK. NIPOJYKTOB PEAKIHM B HaNpasJie-
HHH KpHCTAJIOrpady. OCK (HIH IJIOCKOCTH) ociabeBacT, uTo
oTpaxaercss Ha popme TeHH (puc. 4). TTo u3MeHeHHIO GOPMEI
TEHH ONPEAEACTCA Cp. BEJHYHHA CMELICHHA HCTOYHHKOB Yac-
THIL H HAXOJHTCH BpPeMs NMPOTEKAHHS SAEPHOH PEaKIHH T.

/
L0 ===
08
06
041
0.2
0 I el L
-2 -1 0 1 2 -2 4 0 1 2 ¢,rpaa

Puc. 4. Cxema METoa U3IMEPEHUA BPEMEHH NIPOTEKAHUS ANEPHbIX PEdK-

LmH, OCHOBAHHOIO Ha 3(QeKTe TEHEH: Cilepa -—CpeaHee CMELERHE CO-

craBHOH sJIEPHOH CHCTEMEI H3 Y3714 KDHCTAJUIHYECKOH DeléTkH 3a
Bpems €€ xu3RH vT< 109 omM; cnpapa —ut> 107° oM

Metoa n3MepeHns T Ha OCHOBE T. 3. ABJAETCH NPAMBIM:
CDaBHMBAETCH BPEMS XHIHM COCTABHOH SIEPHOH CHCTEMBI
C BpEMENEM TIpORéTa €l MEXATOMHOIO PACCTOAHHS B KpH-
crajre. OTcIoNa ciiellyeT ero NPHMEHHMOCTh K4K B CIydde
BO30YKICHHA H3ONMPOBAHHBIX YPOBHEH JHEPIHH COCTABHOH
A/1epNOH CHCTEMBI, TaK H B YCJIOBHSIX NIEPEKPbIBAIOTIHXCH YPOB-
HeH. DTHM METOIOM HCCIEAOBAIHCh BPEMEHHEIE XapaKTepHC-
THKH HDONECCA JIeJICHHA TSXEMBIX sacp. BHepBble H3MepeHa
JUTHTENILHOCTD NIEJIENHA BO3OYKIEHHBIX A€ ‘g ypaHa u mparic-
YPanosuiX 3aemenmos B AHANa3oHe T~ 10 ¢ ¢. Hdau-
HBIE N0 UTHTELHOCTH JIEICHHA HCHOJIL3YIOTCS zuu TIOJTYYEHHS
HI(OPMAIMH O BLICOKOBOIOYXKIEHHBIX COCTOAHHAX AAEp NMPH
60b1HMX APOPMALHAX, COOTBETCTBYIOLIHX BTOPOH MOTEHI.
AMe apyropboro Gapeepa aencHus (cM. Jeaenue adep).

MAum.: Tynunos A. ©., BrusHHe KPHCTAJLIHYECKOH pelJeTkH Ha
MEKOTOpbIC ATOMHEIE H sfepHble npouecchi, «YOH», 1965, T. 87, b. 4,
c. 585, Kapaman C. A, Menuxos }0. B, Tynuunos A. d.,, 06
MCMONL30BAHKH 3(b¢be|(-ra TeHeH JUIA M3MEPEHHA BPEMEHH TPOTEKAMHA
AnepHbIx peakuui, «JUYAS», 1973, 1.4, ¢. 456; Menukosn
Tynunon A. ., }OMnnan O. A, Hcnonsiopanne hdexTta Teﬂeﬁ
TIpH M3yuenHM SOSPHBIX DEaKIMA H nenenus, » kn.: Mr1ors Haykn
o TexHuku, cep. Tlyuky 3apsKEHHEIX YACTHI M TRepaoe Teno, T. 1, M.,
1990, c. 94. FO. B. Menuxos.
TEH3QIATYHNK (ot sat. tcnsus—HanpsaxEéHHBIA H AaT-
4HK)— MEXAHOSIEKTPHY. NIpHGOp, Npeobpasyiomui degopma-
yuro TBEPIOTO Tesa, BHI3BAHHYIO NPHIIOKEHHEIM X HEMY MeXa-
HHY. HANPAKEHHEM, B 3JICKTPHY. CHIHAN; NPEACTABNAET COGOH
YYBETBHTENLHBLIH 3JIEMEHT TeH3O0MeTpa—Hpubopa, Hc-
TOJIL3YEMOTO JUSI H3MEPEHHs BEJIHUHHEI H PACNPEreNIeHHS A¢-
(opMaunn b TBEpabIX Tesax. Tlpununn paboTtel T. ocuosau na
HCNIONIb3OBAHWH 34BHCHMOCTH 3. CBOHCTB TBEPAOTO Tena 03

nNedopMalHi, HAIIP. men3opezucmusiioco fdexma, CBI3AHHO-
ro C H3MEHCHHEM 3JIEKTPHY. CONMPOTHBIICHHS METAJIOB HJH
MOYNPOBO/HHKOB B 101€ BHeNl. AeGopMallud. BeICOKHM 3Ha-
4yeHHeM TeH3ouyBcTBHTENnbHOCTH K (K=AG/0g, 108 o—yA.
JAEKTPONPOBOAHOCTD, AG’—HEMCKCHHC ya. 3JeKTponpoBoa-
HOCTH HEPBHYHOrO Npeobpa3oBaTeis B Noje AeOpMALHH,
£— OTHOCHTejbHAs AeOpMalds), NPH BLICOKOH €€ aHH30-
TPONHH, 0BJIaJ410T HOJYNPOBOAHHKH, YTO ONpelesseTcs npe-
OGPHEOBHHHEM 3HEPreTHY. CINEKTpa HOCHTe:1eH 3apsajad NpH
HamnpasJienHo# AcGOpMALHH. B 34BHCHMOCTH OT YPOBHS JIETH-
POBaHHS KPHCTA 114, Pabodei TeMn-pal, THIId HPOBOIHMOCTH,
OPHEHTAIHH YYBCTBHT. DBJIEMCHT4, BECIIHYHHBI }]eq)OPMaLIKH
TEH304YBCTBHTENILHOCTL K NOJIYHPOBOIHHKOBBIX PE3HCTOPOB
MOXET H3MEHSATHCA OT HECK. JECATKOB 0 HECK. COTEH. B me-
Tannax (cnaaBax MeTanioB) K Mand M JOCTHIaeT HECK. CaH-
NHI, ONHAKO CYIIECTBEHHBIM NPEHMYLIECTBOM MCTAa:LIM4y. T.
sBJIAeTCA Doflee BBLICOKAS TEMIEPATYPHAA CTAGHIBHOCTL MX
HapaMeTpoB. IlonynpoBoanuxoBeie 1. XapakTepH3yloTcs Go-
Jlee CHIIBHOH TeMNEPaTYPHON 3aBHCHMOCTBIO KaK yA. COMpO-
THBJICHHS, TaAK H TCH30UYBCTBHTEJIBIIOCTH PE3HCTOPOB, MO3TO-
My NPHMCIAKT BBICOKYIO CTENEHER JIETHPDOBANHA TEH30DE3H-
CTOpOB YyBCTBHTEIEHOTO IEMEHTA (BBLIPOXICHHBIH
l'lDJ'lyl'lpOBOJIHHK). CXEMHBIE METOABI TEPMOKOMIIEHCAITHH HIIH
CTaOH.IH3aLHIO TeMI-pbl. TeH30PEIUCTOPL! HA OCOBE METAILIHY.
CIL14BOB  WITOT4B/IHBAIOT M3 KOHCTAHTAHA, HMKETb-MOJHO-
neHopo# ¢oabry, cunasos Fe—Cr— Al Ni—Cr— Al u ap.
PazpaboTanbl METO/IbI H3rOTOBJIEHHS TEH3OPE3HCTOPOB C MO-
MOLILIO TOHKOIUEHOYHOH Texmonornu. TcnaopeadcToph! Ha-
HOCATCA Ha H3OJHMPYHOUIYI TMOMJIOKKY, HANbIJISEMYK) HCHO-
CPENCTBEHHO HA HCCNENYEMYIO TOBEPXNOCTE, Manas TOJ/ILIHHA
TakHx TeH30pe3ucTopoB (15—30 MKM) — CyLLUECTBENHOC Hpe-
HMYIIECTBO NPH H3MEPEHHAX NeOPMAlHH B JHIIAMHY. PeXH-
Me B 06.1aCTH BBICOKHX TEMH-p, I/IE H3MEPEHHS AeOPMaIlHH
npe/icTaBsIoT cobol cnen. obnacTs HeenenoBaHui. TToMiMo
T. ¢ TCH3OPE3HCTHBHBIMH YYBCTBHT. 3/IEMEHTAMH B obnacti
6ouiee BBICOKHX TeMI-p (500-—600 “C) Henoab3yroTes EMKOCT-
HbI¢ H HHIYKIHOHHBIC T., € MOMOULBIO K-PBIX H3MEPSAKOT [1g-
dopMalHH (HCPCMELIEHHS) A0 HECK. AECATKOB MM. Kak npapu-
J10, MPOBO,/IAT HHIHBHAYAJIEHYIO xa:mGpom(y KaxJoro AaTyH-
Ka neopMALMH. DN.-OHTHY. TEH3IOMETPHI PETHCTPHPYIOT
€ TNOMOLNBKD OHTHY. CPENCTB OTHOCHTE/IbHBIE HCPEMELIEHHSA
6430BBIX TOYEK HIH TOJOC, HAHECEHHBIX Hd HCCIENYEMBIH
obpasew. Takuc Tcm3oMcTphl (Ha 6a3¢ Ta3epHOM OHTHKH) HC-
TIOJIB3YIOTCS JUTA H3MePeHKs AcopMALiil HDH OYeHb BLICOKHX
Temn-pax (6onee 2500 “C). B cnyyae npumencnus T. B H3-
MEPHT. CHCTEMAX C HCIOJb3OBAHHEM BBIYHCIHT. CPEICTB TeM-
HEPaTypPH4s 3aBHCHMOCTh HapaMeTpoB T. MOXeT ObITh yuTeHa
B Tpoliecce MANIHHNOH 0OpabOTKH MAHMBIX H3MEPCHHIA, 4TO
HO3BOJIIET NPOBO/IHTh W3MePCHHSA ACPOPMALMIA B COOTBETCT-
BYIOLIIEM AMAHA3OHE TEMI-Pp (HPH KOHTPOJIE TEMI-PbI C HEOO-
XO/IMMOH TOMHOCTBIO) €3 CHHXEHHA TOYHOCTH 3KCIEPHMEHTA,
TakuM xe 06pa3oM MoxeT ObITh ydTena W xaxywascs aegop-
MallHsl, K-pas ONpPCIENsAcTCS palIHdHeM 3MadeHHA Koodduum-
€HTOB TEHJIOBOTO PACIUHPEHUS YYBCTBHT. 3JICMEHTA T. u MaTe-
pHaza WccaenycMolt KoHCTpyKUuH. TIpHHHMas BO BHMUMAHHE
Pa3’il. BPEMEMHYIO CTAOHILHOCTL MAPAMETPOB DA3HBIX THHOB
T., HEpHOIMYECKH NPOBOJAT MOBTOPHYIO KaTHOPOBKY 4yBCT-
BHT. 2JIEMEHTOB MeXaHOIEKTPHY. HpeobpazoraTeeH.

B. B. Koaomoey.
TEH30P — a6cTpaxThbifl o6beKT 7, HMEIOLMH OnpeseN. cHe-
TEMY KOMIIOHEHT B K&)KJ'(O}I pancma'rpundewou CHCTEME KOOp-
JIHHAT, TAKOH, YTO TPH NPEOOPA3OBAHHH KOOPAHHAT €0 KOM-
HOHEHTBI NMPEOOPA3YIOTCA MO BHOJHE OHPENIEN. 3AKOHY. Kax-
Jlasg TOYKa X #-MEPHOTrO NMPOCTPAHCTBA 3a}]aeTcu B BRIOpaNmOi
CHCTEME KOOPIHHAT nabopom n umcen (x', x2, .., x"). Tlepe-
Xoa ot DHHOH CHCTCVH KOOPHKHBT K upyrou 0jHa4aeT Hp606~
pajoBamre (x*, ... xm—(x'", .., x'*}. Byacm PacCMAaTpH-
BaTh HPCDG 33OBdHHH 06.'13113!011!“5 C'Ieﬂ CBOHCTBAMM:
) x"=e¢'(x', .., x"), i=1, .., n, A @' —INEHPEPLIBHO
nu(b(bepeﬂunpyemue ¢-unn, 2) skobHaH npeobpa3oBaHHA,
det || ox'*/éx | #

Hpocreuwnmu npuMepaMM T. sBusIOTCH CKAJNAP, K-phii
HE€ MEHSAET CBOCrO 3HAYCHHSA IPH MEPEXOJIC OT O}lﬂOﬁ CHCTEMBI
KOOPAMHAT K Apyroi, W BexTop (a), xapaxrepmymluuum
B JAHHOH CHCTEME KOODAMHAT 1 KOMIIOHENTAMH at, a?, .., a"




a B ApyToi (lllrpnxomlHHnu) CHCTEME KOOPARTELT KOMITOHCH-
Tamu a'L @'t L @ CBSNAMIIBIMK C KOMILOHCHTAME B NEPBO-
HA4aTLHOW CHCTEME KOOPTHDAT Chei. 06pisom:

l'lycn, T, —omia 3 Habopa d-1nif OT UCPCMCHHBIX !
x” (wmlo BCPX. MEUICKCOB PABHO F. A THCIO HHK. HHICKCOB

paBHO s). 2TU »” 'Y BeMMUMH ABNNIOTCS kKoMroHeuTamu T
PAHTA (HOPAIKA. BAACHTHOCTH) £ § NPH YCTOBHU. WTO CLO
KOMUOHEHTBI B /Ip. CHCTEMCE KOOp wHaT. X0, . X" jlaioTes
cnen. ¢-noi
N S R i
<y Y ) i
T/A "t CAf ‘ ‘"\lﬂ\r/"‘;\vad[ a4 l])

(BCC HHJICKChl IPUTHUMAIOT 3HaMCHAS 01 | 10 #). 31eCh 1u ja.1ce
TPEAHO1ATACTCA, WTO HO BCTPCUAIOIIIMCS ABAKAL (01U pas
BHU3Y H O/ P13 BBCPXY) HIL/ICKCAM TPOM3BOMICH CyMMUpO-
BaHHC OT 1 (0 /1, HpHUEM B iPOHIBOARBIX BRI A6t unjcke
k cantactes nukHHM. Tukod T. Ha3. KOHTPRBAPHAHT-
HbIM DaHTA /' H KOBAPHANTHBIM panra s. Bepx. HILiekehl
ABAAIOTCS KOHTPABAPWIHTHLIMHE HILICKCAMI, & HUANMC — KO-
BapHanTHRIMB.  Fcian HMECT TOIBKO KOHTPUBAPHAHTHRIC
(DEPX.) HILICKChI, OI1 13, KOITPIBUPHATITIBIM] CCIH OH HMECT
TOABKO KOBAPHAIITHBIC (11M%.) HILICKChI. Ol HA3. KOBAPHAHT-
HeM. T., HMCIOIIMI H KOHTPABAPHAHTHBLIC H KOBAPHAHTIILIE
HHAGKCHI, Ha3. cMerianhbiM. W (1) Busno, «1ro npyu nepexosie
0T OIroif CHCTEMbE KOOPAMHAT K APYTOH KOMIOHenTh T
HPeoOpa3yloTCH AMHCHTIO H OTHOPOIHO. Fen obnacThio onpe-
JETICHIIS OUHCAHHOLIO BLIE OOBCKTA SBIACTCSH TOIBKO O/HI
TOYKA B KaXJOH CHCTEMC KOODAMHAT. TO €10 0DbIUIo Ha3.
npocio T. Ecin ke ¢ro obnacTh onpencicHns — Hek-pas o0-
JIACTh #-MCPHOLO TIPOCT PAHCTBA, TO CI'O a3 TECHIOPH LM
nonem. TCOpH, HIYIAIOULN TEHIOPHBIC TION. HAY. neriop-
HBM QHGANRI0M,

[oBOPHTL © TOM, 4YTO HeK-pus (3. pBethanid semeten T,
TOI'O HIAM MHOFO PUHIA, MOXKUO TO1KO, UMCS B BILY OHPCICIL
Zpynny IPCOODILIOBAHUI KOOPAKIA T B NPOCTPUNCTRC. B K-POM
9Ta BCAMUMHA PACCMUTPHBACTCS. TIpH HroM ccin Beanyuny
MOKRO CaHTaTh . OTHOCHICIBRO uek-pol 1 pYIn npeod-
pazonaitiil, TO o1 ABAACTCH T A1 OTHOCHTRILHO R0l
IPYINIbl 9TOH TPyNNbI.

T. o.. T. paira 0, 1. e. T.. UMCIONMA TOILKO QY KOM-
TIOHCHTY € O/IINM B TEM 3K 3HAUCHPCM BO BeN KOOD, (MHATHBIX
cHeTeMax. SBIACTCs CKaApoM. Tipumepnl ckasspos B duiu-
KE— MACCA, TCMT-Pa. Ripsid. KpuBH3la npoctpancisa. T, pau-
ra 1 spascres pek ropom. [IpHMepul BeK 10pos B TPEXMEPHOM
CHILA, HATPAOKRENTOCTH
MEKTPHY. U Marll. 00Ici. Her-puie T. panra 2 rakke umeior
CTICL,. HA3BAHUS B | COMCTPUH H B (PUIMKC: HABP.. mehipuucckud
mei3op B TCODHH PHMUHOBBIX TIDOCIPAHCTE W B 1¢OpHA OT-
HOCHTEAbHOCTH, T. ianpskennit (v, I[un[)qu((’uuu Mexanuie-
ckoe) w T. deopyuayui B Mexauuke cnionoi cpeibl. T
QWDICKIMPUNECKOl  IPOIMHACMOCNT B LICKTPOIHAMUKE
CIVIOWHON CPC/IbL, HICHIOP DHCPOUN-UMNY Abcd B TCOPHK OT~
HOCHTENHHOCTH, T.». LCKNPOMAchNiio o oty B LICK TpoIHHR-
MHKe, -

Jeiictenn main temsopamn. Tak kax T, sa;unorces ceoumu
KOMNOHCHTAMU B padjl. CHCTCMAX KOOP/Hnar, TO k[cﬂC]‘BHH
Hal T. OMpENeTsiOTCA (-naMU, CHAIBIBAIOLIIMMH B KaXKOH
CHCTEMC KOODAHHAT KOMIOHEHTH! pe3yabrata JeHcrnng vepes
KOMHOHCHTHI T, a1t K-PhiMy 1pou3Bo,Br1es AeiicrBHg. Am ch-
pany. jcieTBus Ha t T. anusioTes 0HoBICHHCM cOOTBeTCTRY -
JOUIMX JICHCTBHI HAT BCKTOPAMH W Mahpuliasts.

a) Caokedne B sprantanne T Cymmoin apyx T
An B¢ xomnoncutamu 47y B'/K ) ,’ UMCIOHIHX O;UI0 1 TO

i, 1y

Jyeeed,
KE CTPOCHHC, T. ¢, O/HO U TO KC MHCIO KOITPABAPHIUTIILIX
H KOBADHAHTHBIX MH/ckeon. Had. T. S ¢ KoMironertamu

2)

3)

6) CnéproiBaime eMeniagaoro T, CBépTosanuem oMo
MAHOTO T. Hd3. ONepPANHs PHPABHUBAHIS OJU10T0 KOH IPaRa-
PHAHTHOUO HIACKCH HEK-POMY KOBUPUAHTIOMY HIJICKCY ¢ NO-
CICAYIOUINM CYMMHPOBAHHCM 110 YTOMY HHAckcy. B pesymb-
TATC OSUIOLO CREPTHIRAHMA paHr T. yMcHbIaeTes Ha /sa, Ecan
YHCTIO KOHTPABAPHAHTHBIX HHAEKCOB COBHA/IICT € MHCIOM KO-
BAPHAHTEHIX HHCKCOR, TO NPH HONHOM CBEPTLIBAHHH 110 Beem
HIACKCAM NONYUae Cs HHBAPHAHT (CKaaap)

B} ¥Ymuoxcnue T. TTpon3BejeHUCM (BHCUIHKM IIPOHM3-
peilchueM) jByx T. A4 ®W B © KOMHOHCHTAMH

AN en b” Y (Uh(Tl- Mok T pasi. ctpoeng) Hay. T. O =A4B
¢ k()Mﬂ\)ll(,lHd\ﬂl
Crlotlont — 4909 BL 4 %)
Bpeipdyedy Bpeedgded,

Tpouspeckne T. ACCOUMATHBHO H AHCTPHOYTHBHO OTHOCH-
TCABHO CIOKCHUSA, HO, BOOGUIC FOBOPA. 1CKOMMYTUTHUBHO,
1. K. TIOPSAOK CHIC/OBHHUS WHACKCOH B (ac (4) sniscres
CYUICCTRCHHBIM,

BuyTpedHum uponissecunemM Byx T. Au Buas. T.,
nostydacmuid 1yrém cBEpTiu TeH30pa O |P-m1a (4) | HO oaHOMY
WIH eck. umickcam. B obuiem cnysae Moxuo obpasosars
HCUK. TAKHX BHYTPCILIHX HPOH3IBC/ICHHIA.

T s, dCCONMHPOBAHHBIM ¢ TCII30POM l'. " ec-
S0 MOKET ObITh IHONYHCH M3 HEFO 10 mu\ummw ik
OIYCKAHHEM HCK-POI0. YHEIIZ HHICKCOB TIDY, no'vmum BHYTD.
FPOU3BeICHIE Bri@ g T"‘ v j, W Ty T vae gy—

dynname HTdnbllblM meTpuucekud T. a gi=g GV
{g=det | gall #0. G*=GH — anrebpany. JOTIONIHCHUE
i B onpereantete g). T., Panr K-poro BosibLIC CAHHHII,
MMCCT HCCK. DA3/THUHBIX dCCOIMHPOBAHERX T.

T.. noztysemibie 3 JaHHoro T. B PE3ymLTUTe HEPECTAHOBKH
KAKUX-HHOY)(b Bepa. (TMB0 1MK.) HHACKCOB, Ha3. HIOMCpa-
Mu Tannoro T. MuoxecTso H3omepoB T. A Beeria CojepXut
A. s geakoro T. KOHTPARAPHAHTHOTO MOPAIKL 7 H KODAPH-
(HTHOTO TOPA/K § MOKHO HONYYHTH £ls! H30MCPOH. HO, BOOG-
uie ioBops. He Bee 9TH T, Oy)yT pasamuiieimi. Ecan muoxe-
¢TBO M30MepoB T. COAEPKUT €MHCTBCHAKIH T. 4, To A na3
C"MHCT{)H‘!H}:JM T.

IIpi paccMOTPCHHH LPSIMOYTOIIBHBIX KOOP/MIAT MOXKHO HE
padituATh KOBAPHAHTHBIC M KOHTPABAPHAHTHBIC HHACKCLL.
T. K. B oToM cIydac MeTputt. T. gy HmeeT maub. npoctoid Bua
{C/AMHHYITAS MATPUIG).

HMpusuak vensopa. [las Toro 4rodul 0ObekT X Ope1 T,
HEODXOAHMO M AoCTaTOUHO, 41006 Ans kaxaoro T. 4 wek-
POro onpeACISHHoro HURCHPOBANKOIG pallly ¥ THUA BHCINTICE
upouspe/ichue X4 M Kakoc-uubyab BHyTpCHUCE TIPOM3DBE/IC-
Hue 06bekTa X ¥ A 66110 T. onpe/ic1€HHOr0 HUKCUPOBAHHOTO
PAHTA M THIIA.

JTum.: Pawcacknit IT. K., PHMABORY TCOMQTPHH § TCHIOPHBLA
anac, 3 wan, ML 1967 Knanaescknit Ho AL Duevenna rensop-
HOMU HCHHCICHUA H €10 HPMIOKCHnS K MexalMke, M., 1934
yrew H-AL TedopKel# apam3 i PuIvkos, nep. ¢ annit, M
Cokoabnnkon Tewaopubiid  allaans. TCOPHA U UPHAMCHCINA
B TCOMCTPHE H B MCXAHHKC CILIOWMBLIX ¢ped, uep. ¢ i, M., 1971
Bexya M. . Ocpopb 1CHI0PHOIO AIKAIMIA M TEOPHE KOBIPHALLLOB,
M., 1978 O H Asaros.
TEH30P UHEPLIMU —cMm. B cr. Mosenm unepyui.

TEH3O0P 3HEPTUU-UMNY.JbCA (T3W)—mensop sropo-
TO paHra, ONHCLIBAIOUINK TIIOTHOCTL W 1I0TOK JHEPIHA M UM-
NyThea HOMCH MATEPUH, ONPCAEASIONINA  B3aHMOMCHCTBHE
ITHX nosieit ¢ rpaBuTam. noneM. B knaccuu. Teopwu TIU
0% (x) BHIpaXkAeTCA YePC3 BAPHAIMOHHYIO TIPOMIBOJHYK) TIO
MCTPHUCCKOMY TCHIOPY £, (X} B TOUKE X NPOCTPaHCTBA-BPCMC-
1M O HIBAPHAHTIONO OTHOCHTEIBIG 3AMEH KOOPAHIAT (DYHK-
IMosana neicTeus S

i 88
NN
e g{y)=det || g ()l ny=0,1,... D=1 (D— pasmepHocTsb
poCTpancTBa-BpeMenn). Tersop, onpenensemui no ¢-ne (1).

OUCBHTHO cuMMeTpiucH. B yp-ruax Daniteins TON sxonur
B K4YCCTHE BIICII. UCTOYHUKA FPABUTAL. TTONN:

o (48]

TEH3OP
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1 1
G (Rov— 3 80 R)= =0 (x), 2
rac R,,— Puunu mensop, R=g"' R, — CkanspHas KPHBH3Ha
(MCIOTbL3YCTCA CHCTEMA €IHMHHL, B K-poit ¢=1)

B miockOM NPOCTPAHCTBC-BPEMEHM CUMMEMPUs CHCTCMBb
OTHOCHTEJILHO CIBMTOB (WJTH, HHAY€, CYHICCTBOBAHHE HHBADH-
ANTHOTO OTHOCHTCIILIO 3aMEH KOOPAMHAT M 3dBHCSILIErO OT
METPHKH OYHKIIMOMANA AEHCTBHS) NPHBOJUT K JIOKAJIBIIOMY
COXDANEHHIO MCPTHH W HMIYJIbca (cM. Hémep meopema):

2,0™ (x)=0, 3)

rae &, =&/tx,.

Criesictenem (3) sBisieTcs, B YACTHOCTH, COXPAHEHHE BEKTO-
pd TMOIHBIX PHEPTHH H HMITYJIbCA CHCTeMbL. Benwunna

Pr= | 8%V,

(=const
riae d V,—2.1eMeHT 00BEMa THIEPNIOBEPXHOCTH MOCT. BpEMe-
HM, HE 3aBHCHT OT BbIbOpa TIHIEPHOBEPXHOCTH, T. €.
dP¥{dt=0

J1ns MenpepbiBHOTO pacnpeaeieHHs MAaTEPHH C IITOTHOCTbIO

I I

p u HOTOKOM pu* /g TOU maércs BrIpaxenneMm

v =puru’,

rje u* —4-CKopocTh.

B xeanmosoi meopuu noas B HpOCTEHILHX crydasx ¢vobon-
HOTO ¢Kaispnoco noif (a), cBo60IHOro (GepMHOHHOrO MO
(Aupara noas) (6) B HAnea— Muaaca noas (8) TOU B cran-
JAPTHBIX 0003HAYEHHAX HMCIOT BHJL

a) 8" (x)=0" 92— (1/2)g" g,y 2% ",

6) 6" ROy 3 ).

B) 0%( (G**)*(Gup)"
rae (prcxcu'mpﬂoe none, Y -—¢epMHOHHOE  IoJie
H Gi=0,A3—-3,4% +/“D‘A” A{— Ten3op Hdl‘lpﬂ)l(CHHOCTH
nons ﬂﬂra-Mu'l'lcd IIPHHHMAKOLIETO 3HaYeHud B JJu aazed-
e €O CTPYKTYPHBIMHM KOHCTAHTAMH f™°

Yepes TOM Takke BbIPAXAIOTCA TOKH, CBA3AaHHBIE ¢ AD.
TIPOCTPAHCTBEHHBIMH CHMMETPHUAMH. TeHSOp MOMEHTd HM-
nynbca MP u mumatan. Tok D, COXpaHeHHe K-pbIX OTBEdaeT
COOTBETCTBEHIIO CHMMeTp"ﬂM CHCTEMbBI OTHOCHTEJIIBHO '10-
BaNbHBIX Bpan(eHm{ H PACTSXEINHA, CICA. 06pd30M CBA34HbI
¢ TOU (1)

~(G2y(emy

M= X0l X0,
. 5
D,=X"8, +g;vg‘,,,d,,q,

rfe d, pABHO DA3HOCTH MEX/Y KAHOHHY. pPa3MEPTOCTHIO
(CM. B CT. Anomadsuas pazmepiocms) v NIOPAAKOM TEH3OPHOTO
no1s ¢q. COXpaHCHHE MOMENTA HMIYJIbCa TapPaHTHPYETCH
cummetpuanocteio TOH. Coxpaschne e juiaTal. Toka
B crydae, Koraa d,=0, JKBWBATIEHTHO YCIIOBMIO HYJIEBOTO
cnena TOU

TN noHycKkaeT MOMHGHKALIME, HC HADYIIAIOMIHWE YCAOBHS
coxpanenus (3). Moanpunupopannsle TOU oTiHYAIOTCH Ha
JIMBEPreHUAIO aNTHCUMMETPHYHOro 3-Tensopa:

A R LA L U @

Tpu ycaoBMH IOCTATOMHO 6bICTPOTO yORBaMHs N*Y Ha Gecko-
HeyHOcTH HOBBIH TOU MpUBOZHT K TOMY %€ BEKTOPY MOJIHBIX
IHCPIHH W HMMHYyJbca CHcTeMbl. Moanduuuposanteie TOH
MOTYT BO3MHK4Th NMPH JOGABICHHH K JIEHCTBHIO HJICHOB, HC-
4E3aI0IMX B N;I0CKOM NMPOCTPAaHCTBe. TTpHMepoM MOIH(HIIH-
poanHoro TOH MoxeT cnyxuth kaHowns. TOIU
;
om=%

8q.,

g8 g™,

ABJIAIOIMIACH COXPAHAIOIINMCS TOKOM TCOPHH, OTBEYAIOIIHM,
COTJIACHO 1epBoii TcopecMc HETep, CHMMCTPHAM OTHOCHTENILHO
C/IBMFOB B [POCTPAHCTBC-BPCMCHH (¥ — JIATPAHXHAH TCO-
pun). Kasonna. TOH » obiueM citywae He SBISETCS CHMMET-
PHYHBIM, H €TI0 ¢BSi3b C TCHIOPOM MOMENTA HMITy.IbCa HC
CTOJIb IIPOCTA.

HHorxa nosesso paceMaTpHBaTh Kongopmusiit T3, nomy-
varomuiics w3 (1) ¢ nomolubio (4) u YIOBJICTBOPSIOIHA YCiI0-
BHIO HYJIEBOTO CACHA (Vyonp)h=0. st moneit STur: a— Miica
H 6e3MaccoBbIX (JepMHOHOB B pa3sMcpHOCcTH D=4 KoHdopM-
wbiit TOW cosmamacT ¢ TOU (1), uto cBssano ¢ kondopmitoi
UHEAPUANIHOCMBI0 COOTBETCTBYIONIMX TeopHi. B ciydac 6e3-
MACEORATQ CKAAAPHOTO HONS B D-MEPHOM TIPOCTPAHCTBE-BPE-
MeHH KoH(opMHbIT TIH umeer B

1 D—
Bl =0"— 03¢

2

av

o 2
0, (g7 2 — g™ ) .
C HHM CBA3aH COXPAHSIOIMACH JIANIATALL TOK D% = x¥ 610",
CymecrsoBaune kosdbopmioro T3U o3Havaer, uTo Teopml
MOXeT ObITh ce;1aHa KONMBOPMITO HHBAPHANTHON T06ABICHH-
€M K JACHCTBHIO HJIEHOB, HCUCHIIOIIHX B TLIOCKOM NIPOCTPAH-
cTBe. B ciyvae ckajafpnoro HOMHA 3TO AOCTHIAETCH CIel. MO-
nubHKanHed HYHKUHOHAA IEHCTBHS:
AS=[d"x -2 Ry?
SN s(n i R

B npHCYTCTBHM Tp4BHTAll NONS (B MCKPHBJICHHOM mnpo-
cTpaHcTBe-Bpemern) TOM MaTCpHH yXe He yYAOBJETBOPSET
YCNOBHIO IOKANBLNOTro coxpanenns (3). BmecTto 31010 M3 yp-
N TPABHTAIL. NOJIS H TOXIECTBA Bosbku (CM., Hanp., Kpusus-
16l 1MEHIOP) CIEAYET YP-HHE

v, 0

o, )

rae V,—xosapuamiian npoutsodnas. Oriamune (5) ot (3)
TIDHBOIHT K HAPYIUICHHIO COXDAIIETHS JHCPTHH H HMIYJILCE
TONbKO no:1el MatepuH. Tonusiit xe T DU MaTepun u rpasu-
TauMH, onpefensemblit cornacHo (1), paseH Hy1I0 B CuUlly
Yp-Hui JBHXCIHS

U 6Sma_ 1 (o n ) aonn (6
o bk w;(R 3% R>+G =0 ©

W
Oonu=

v

H COXPANACTCH ABTOMATHYECKH.

'IT0 CBOWCTBO SBIISETCH OOIMMM TS TEOPHH, 00:1a/latolnx
noxanbhol cummetpueii. CotiacHo BTOpoH Teopcme Hétep,
HOJNMbIA TOK B TAKWX TEOPHAX paBed Hymo. boiec Toro,
OKAJBIBAETCA, YTO HEBOZMOKHO MOIHHUMPOBATHL TpaBHTAIl
44CTh BbIPAXKCHHS (6) Tak, 9TOOBI HOMHBH TIU GbuT OTIHYEH
OT HYAS W YIOBIETBOPAT Bbl yemoBHsM coxpadenns (3). T. o.,
B NPHCYTCTBHH I'PABHTAIl. 110JI3 HET COAECPXKITCILHOrO MOHS-
THS Hoqmoro T3U.

B Mek-phix cmel. caydasix OKa3bIBAETES PAIYMHBIM BBECTH,
HCIIO/b3YS MpeoOpa3oBaHHE (4), NCEBOTEH30D IHEPIHH-HM-
Nybca TPaBHTAN, MO:AS, SBIAIOMHACH TEHIOPOM TOJIBKO OT-
TIOCHTEJILHO JIMHCHHBIX Mpeofpa3opannit koopaunar. Tak, ec-
JIM MATEPHS COCPEOTOYENA B OIPAHHYCHHOW 0BnacTH mpo-
CTpaHETBA M TNa OCCKOHEYHOCTH IPOCTPAHCTBO SBJIAETCH
TIUTOCKHM, CHUMMETPHYHBIH TICCBIOTCHIOP HEPIHH-MMHYIbCA
HONy4aeTCs MO/IH(UKANHEH TPaBHTANl. 44aCTH TeH3opa (6).
Hamp.,

(—g)r= ‘“‘”(R"V —r"‘)+(.n . a

MA€TCA CIICA. BHIPAKCHHCM:

—& e v
[](m(, (g™ g —g™g™)

Tak kak " He ABAAETCA TCH3OPOM, KOBAPHAHTIIOC TMOHATHE
MUIIOTHOCTH JHEPTHH W HMNYJIhCA HE ONPEICieHo (HaHp., npe-
00pa30BaHHAMH KOOD/IMHAT /" MOXeT GblIb CAETAH PaBHBIM
HyI0 B T000# jtannoit Touke). OQHAKO BCKTOP NO.THBIX THED-
THH H UMIYJIbCd CHCTCMBI

apy

e m

i
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M) gy, = [ nHodS
s

rne §', — BCCKOHEUHO YIaNCHHAS NOBEPXHOCTh, COXPAHAETCH
BO HPCMEHH M HC 3dPHCHT OT BhIOODE KOOPAHHAT HPOCTDAH-
CTBEHHO-BPCMEHHOH «TPYOKHP». B K-POH COCPELOTONEHA MaTe-
pus. T. o., HeeBaOTen3op (7) onpeAcnseT pa3syMHOE HOHATHE
NOJHAIX HEPIrUM H HMIYJIbcd. OTMETHM, OIHAKO, YTO 8 TEO-
PHHM TDABHTAIIHH HCHONL3IOBAHUC HEKOBUAPHAHTHBLIX OOBEKTOB
THHA (7) HDHHOCHT Mai10 NOJb3bI.

B xBantoBoit Teopun Hons TIU CTAHOBHTCA OHEPATOPOM,
TEHEPHPYIOLIHM OOLLIEKOOPAHHATHBIE Hpeobpa3oBanus. Ilpu
HCHOTIL30BAHHH ODINEKOBAPHAHTHOH OTHOCHTE!bHO Hpeobpa-
30BAHHA KOOPAHHAT PETYNAPH3ULMH (HAHD., PAIMEPHOH WM
pery.sipusamn 1o IMaynu — Bu:siapey), B cuily onepatop-
HOTO 4HAIOra 3akoua coxpauenus TOM (3), onHOBpPEMEHHbIC
nepec « # ana koMnoneut T3H B kpan-
TOBOH Teopun He HepeHopwupymTcu (cm. Heperopmuposku
B KTIT) v coBrajlatoT HO GOpPMeE ¢ KIaccHueckHMH TTyaccona
cxobkasiu. B wacTHocTH, oHeparop 8 He mproGperact ano-
MaJIbHBIX DA3IMEPHOCTER. B HEK-phbIX Cllyvasx, ONHAKO, OKa3bl-
BAETCH HeOOXOANMBIM HCMIONB30BAThL PErYIAPH3ALMIO, HAPY-
oy o61Iy10 KOBAPHAHTHOCTb, HO COXPAHSIOIIYIO ApY-
TR CHMMETPHMH  TEOPHM,  Hamlp.  KHPalbHYIO  MJH
JTHAATAHOHHYIO, NMOCKOJBbKY OJIHOBPCMCHHO COXPaHHTL BCE
CHMMCTPHH Ma KBAHTOBOM YPOBHE He ynaérca. Ilpumepamu
MOTYT CNYXHTh TCOPUH KHPAJILHBIX (hePMHOHOB (CM. Kupaib-
nocms) co cnunamy 3/2 u 1/2 B npocTpancTBax D=4k+2
k= H3IMEPCHHA, HMEIOUIHE IDABHTAL. AHOMAITHIO
(cM. Anoata.iuu B KBANTORON TEOPHH NO1A). B YTHX TEOPHAX HA
KBAHTOBOM YPOBHE 34KOH coxphauenus (3) mMoaumduimpycres,
H B NCPCCTAHOBOYHLIX COOTHOHIEHUSX TIOSBNAIOTCH JONONHH-
TeJbHbIE craraeMbic. Tak, Ana TIU $epMUOHOB €O CIIHHOM
s=1/2 B D=2 BRINONHAIOTCH CNCH. HMEPCCTAHOBOYHBIE COOT-
HOLUIEHHS, OTIMYAIOMIHECS OT KJlaccHy. ckobok ITyaccona une-
HOM, CO/ICPXKALIMM NPOH3BOAHYIO TPETHErO NOPAA

[64+(x). 04+ (x)]=104  (x)+ 8. o (x)] 2, B(x—x)+
'*’I;;; 38 (x—x). (8)
e x, ={x, + )/ \/Efkoopuuuan,l CBETOBOTO  KOHYCA

B JIRBYMCDHOM IIPOCTDAHCTBC-Bpemend H {0, =(0; ?62)/\/2.
B TeopHsx, MMCIOMIMX TP4BHMTAL. AHOMANMIO, BOIHHKAIOT
TPYAHOCTH TIPH OITMCAHUH MX B3ZUMOMCHCTBHA C | DABUTAUHCH
¥ OObIMHO HAK/AIBIBAKOTCH YCIOBHA COKDAIUCHHA 4HOMATb~
HbIX 4/ICHOB B NIEPCCTAHOROMHBIX COOTHOLICHUSAX (8) ANA HON-
Horo TOH.

Haub. u4acTo  BCTPCHATONICHCS  AHOMUIIHEH, CBA3aHIION
¢ TOM, BnACTCH AHOMAITHS, OTBEHAIOIUAA NADYLICHHIO KITAC-
CHY. MaC myu. B HepeHOPMUPOBAHHOMH
1eOpUH MACHITAOHAS HHPAPHARTHOCTb HAPYHIACTCS 34 BHCHMO-
€TbI0 KOHCTAHT CBAIH OT TOYKH HOPMHPOHKH, ONDENENAEMO
dema-gynryuerr (B). Umecrea cnen. d-ma aas cpeanero ot
JAWBEPIEHUMM JMITaTAll. TOKA, PaBHOIO creny TIU:

)2 log z

@r Dy =)= LB . &2}

TAe Z—CTAaTUCTHY. CyMMa TEOPHH, £ ~— KOHCTAHTBI CRA3H,
> —CHMBON YCPC/HCHHS MO BAKYYMY.

B keanumonoit xposodunamure (9) CBOIHTCH K YTBEPXK/ICHHIO

0 cBsi3n cnesa TOU H INICOHROIO KOHEHCaTA:
@ =328 (G (@),

Hcnonbays H3OTPONHOCTL PACTIPEENEHHA JHEPTHH H HMITYJib-
€a, MOKHO TAKKC CBA3ATH IJIOTHOCTh 3JHCPTHH BaKyyMa
8 KX/ e Benu4HHOI [JIFOOHHOrO KOH/ICHCATA:

=<0y = (g) <( ) (le)a>.

Jum.: Jasnaay JL LT uchLuuH E. M., Teoprsa noas, 7 w3, M.
1988; Bonowun M. b, Tep-Maprrpocan K. A, Teopus kanub-

POBOYBLIX BIAMMOUCHCTBHR 3 ICMENTAPHRIX 9acTuu, M., 1984; Mnux-
con K., 3r06cp X.-b., Kauropag rcopHs HOIA, uep. ¢ aul
1—2, M., 1984; Alvarez-Gaumc L. Wiltten L (;mvndlmndl
anomalies, “Nucl. Phys. Ser. B.”, 1984, v. 234. p. 269.4. 4. fepacusos.

TEH3OPE3UCTUBHBIA  DOOEKT

{NbE3IOCOHPOTHBIIC-

CTAJII0B IO JHCTBHEM BCECTOPOHHEIO CRATHA (DAETHKEHHA)
WM OHOOCHOR Aedopmanuu. OcobeHno senuk T. 3. B noay-
nposodnukax (0TkphiT Y. CmuTom B 1947 1 Ge n Si [l D). rae
OH CPA32DN ¢ H3MEHEHHEM DHEPICTHY, CUEKTDA HOCHTENEH 3apa-
na HpH Ne¢opMAlliH, B YACTHOCTH C H3IMCHEHHEM IHPHIbI
3ANPEUIEHHON 30HbI H DHEPIHH HOHH3AUHH HPUMCCHOLY YPOS-
Heil; ¢ OTHOCHT. H3MEHEHHEM DHEPI'HH OTA. JOJHH B MHOCO0-
AHHHBLX ROAYRPOSOONUKAX; C DACIIENNEHHEM JIbIDOYHBIX 301,
K-pbi€ B OTCYTCTRHE J6pOPMALIMH BLIDOMJIEHBL: C MIMEHEMHEM
Ipermuenois Maccol HOCHTENEH 3aPAIA (CM. 30HHAH MEOPUS).
BcE 9TO NPHBOAMT K MIMEHCHHIO KOHIEHTDALHH M 1006udic-
Hocmu nocume et 3(1‘1)."0{1.

Jluneitupit T. 2. (Manble /ehopMaiuM) OlIUCHIBACTCS T. H.
TEH30PUMH I TAETOCOTPOTHBIUCHHR Hypys HAH NHCIO-
COHPOTHB.IECHHS T4y, CBAIBIBAKOIIHMH OTIOCHT. H3MCHC-
1IHe HPOBOAWMOCTH AG/S, (G, — IIPOBOIHMOLTE B OTCYTCTBHE
AchOpMANHKE) ¢ TCHIOPOM JIEPHOPMAUHH u; HIH TEH30POM
YNpYroro HaHpPSXCHHS P!

Aq:u

= Z Plapys Uy = Z Topro Prs-
Oy 1. 7.

YUUTLIPAs CHMMETPHIO OTHOCHTENBHO MEPCCTAHOBKH MH/CK-
COB G M u (P), 0BBLIMHO HCHOMB3YIOT MATPHYHAIC OBOIHAYCHHSL,
BBOJIS BMCCTO J1BYX 1ap HH/ICKCOB 2, B M ¥, § COOTBETCTREHHO
B4 MHOEKCA /1 H m, HpoGerajoume 3nascHus ot | jo 6.
TeH30pHBIM 0603HAEHHAM a, [3 Wi v, &, paBubiv 11, 22, 33,
23,13, 12, cOOTBETCTHYIOT MATPHYHBIC OOOIHUUCHHA /M UIIH
l‘ 2, 3, 4.5, 6 (em. (6]). TIpu orom n,ﬂ-cr,, (n=1-6)
My (M, 1=1—0). Ty ;= r=1—6. n
n,,\,ﬂ—(l/Z)n,,,,, (Y#£8, m=1—6,n=4— 6) um.,fu,,, (m=1 43
g ={1/2)u,, {a#B, m=4—6), Py=P, (1 . B ky6uu.
KPHCTAJUIAX OTAHYHbLL OT () TpH xomnonem bl ;mcmconpo-mw
SIEHHS M1 W ITE3OCONPOTHBIIEHHS T, CBA3AHHbBIE [Pyl ¢ APYTOM
COOTHOILEHHAMH

Ty 4 2mg =y +2m5) (S0, + 28020
Ty =Ry =0no = mig) (S10~502), (1}
Taq =Migg Sag,

rAe S,,, — KOMHOHWCHTbI TEH30Pu KO, YIPYrocTH.

B co6cTB. MOTYHPOBOAMHKAX OCH. MCXAHH3MOM, OTBETCT-
BeHHBIM 33 T. 9., ABJISETCA M3MCHEHUC KOHLEHTPAUHH HOCH-
TCIeH 3dpA/ia, BBI3HIBACMOE HIMCHEHHEM \IIMPHHL) 3anpenigu-
HOH 30HLI. B HpuMecHbIX HOsnynpoBosHukax T. 2. ofbrtHO
BbI3bIBAKOTCA HIMCHEHHEM CIICKTDA HOCHTened 3apsga B pe-
3yJIbTATE PACHICH.IEHHS BLIPOXICHHON 30ubI (IPH OAHOOCHBIX
AeGOPMAILMAX, HIMEHAIOIMK CHMMETPHIO KPHCTA/LIA,

B MHOroJONMHHBIX NOIYNPOBOJHHKAX BBHIDOXJIEHHE CHH-
MACTCA B Pe3yNLTATe CMEIIEHHA [O.THH (H3ODHEPreTHY. no-
BEPXHOCTEH — DJIMHCOH;10B) OTHOCHTENBHO /IPYI ApYT4 TipH
neOpMALMAX, HAPYIIAIOLIMX HX OKBHBANEHTHOCTR. C0OT-
BeTcTBeHHO B n1-Ge, ra¢ YIIHNCOMABL B HMIYJIECHOM 1IpO-
CTPaHCTBe PACIONOXCHR HA ocaXx [111], Goabmioi snnseTes
KOMIIOHEHTA M 44 (Tag); B 7-Si OHH pacnoaoxennt Ha ocsx [100]
H GONbIIAs KOMHOHEHTA 117y — 1y 5 (13 — 1) 2). DTH KOMIIOHEH-
Thi ONPCAEIIAIOTCA 3HAYEHHAMM KOHCTAHTBI AepOpMall. NOTeH-
nMama Z, W COOTBETCTHCHHO paBHbl [2, 3}

K 2. RT (n-Go). @)

Maa= T
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W RT (n-Si).

rae k=, /p,—koxp. AHHIOTPONHH NOABHKIOCTH HOCHTENCH
J4pAfa [NA ONHOTO IKCTPEMyMd (JOJHMHLI) 30HBI (p; —1o-
JABHXHOCTh BJAOJIE OCH BPAILUCHHA AILTHNICOMAA. L 7110118])&5 3
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B monynposoaHMKax ¢ BBIPOMICHHBIMH 30HAMH THINQ
p-Ge i p-Si T. 5. oOycIoBNCH pacnienyieHuem pasCHTHOU
30HBI B TOUKE p=() CNEKTPa ABIPOK & (p) M U3MCHCHUEM CTICK-
Tpa BGaH3M IkcTpemyMa. Bomsino#d T. 2. nab.arogactes npu
BCCX OJHOOCHBIX AedhopMatnax [3].

IMpu GoabimHX AChHOPMAIHAX. KOTUA OTHOCHT. CMEtleHHe
MOTMH B MHOTOAOMWHHBIX MOJYTPOBOAHHKAX MM PACHICTLIC-
HUC BHIPOKNCHHON 30Hb] B TOUKC p =0 CTAHOBATCH CPABHHMbI-
mH ¢ kT, T. 2. ¢TAHOBUTCA HEJIMHEHHBIM 110 j1c(p)OPMALIIHI; TIDH
JAOCTATO4HO GONbIIHX AehOPMALHAX, KOT 14 BCC HOCHTEIH «Ilc-
PCTEKAIOT) B HUXK. IKCTPCMYMBI, COTPO THHIICHHE NPAK THYECKH
«HBIXOIHT HA HACKIIIEHHE? (TICPeCTaéT MEHATRCH). [pu npormc-
K060i nposodusocmy GOIBILIAR HEIWIHNHA ACG/C 0BYCIOBICHA
WIMCHEHHEM (IEPEKPBITHS BOJHOBBIX (D-1HH, BLI3BIBACMbIM Hi-
MCHEHHEM CTIEKTPA HOCHTCICH 3apsiad.

Jlum.; 1) Smith C. S., Piezoresistance in germanium and silicon,
«Phys. Rev.os, 1954, v. 94, p.42; 2) Morin F. I, Geballe T. 4.,
Herring C., Temperature dependence of the piczoresistance of high
purity slhwn and germanium, «Phys. Rev.os, 1957, v. 105, p. 525
DBup T L, Oukye T B, (MMMupnu wsedgopMatinonisie xpipex-
Tst B (10Ut POBOIHMKAX, M., 1972, 4) Tarosckunit B. A, Musen
W. 1., DIeKTpOTCIIOMETPH COLpoTHBICHHR, 2 Mo, JI., 1972; 5) o~
nakona A, JL, OHIMUCCKHE IPHHHALILI PabOTH uonynpuunnuuxnm.lx
JATYUHKOB MEXAURMCCKHX RETMIHIL «Axyer. xo», 1972, 1. 18w Loc |t
0) Hait k., GusuyeckHe CBORCTHY KPHCTAILIOB H MX ONHCALIHC UpH
UOMOUIM TEH30POB H MATPKL, fEp. ¢ atuli., 2 M3, M.,

F.E. Iuxye,
TEH3O0PE3NCTOP (o1 sat. tensns — nanpsAkéaHblil i pesu-
CTOP)— PE3UCTOP, HIMEUAROTIHIT CBOE MICKTPHY. CONPUTHRIIC-
HHE BCIEACTBHC ACQOPMALMM, BLI3BIBACMOM NPHIOKCHHBIMH
K HEMY MEXaHHY. HaTIpsKeHMAMH, OCH. XAPAKTEPHCTHKOH MaTe-
prana T. sajsercss Kodb. TeH3ouyBCTBHTE/bIOCTH (k). oupeiie-
JISEMBIH KK OTHOHIEHHC OTHOCHT. M3MEHCHHS D;1¢KTPHY. CONpPO-
THBIICHHA K BETMYMHC OTIOCHT. AepopManHi. [l METAIOB
{HHXpOMa, KOHCTAHTaHd, CITaBon W4 OcHoBe Ni, Mo,
P() k=2—14 (onpcAcafeTcs B OCHOBHOM TOSIBKO H3MCHCHHEM
rcom. pasmepop T.); ans noaynpopoannkos (Ge. St u fap.)
k=100—200. Mctannuy. T. H3TOIOBISIOT U3 TPOROSIOKH HITH
$o1BrH B BHAE pewiCrkH, NomynpohoyEnkosoie T.—n Buje
MAACTHHOK (UTHHA 1 —10 MM, mimpinta 0.2—1.0 MM, ToaMHA
20—60 MKM) HTH HTHTAKCHATIBHBIX (UIEHOK (CM. Dnuniakcud ).

T. HCTOB3YIOTCS 11, OOp. B KAYECTBC UYBCTBHT. LICMEHTA
H3MEPHT. TPCOOPA3oBaTCACH (TeHI0MATIHKOR), HPHMEHACMBIX
JUTA M3MEPEHHA MCXAHMY. HAMPKCHHUA, nedopMarii Taépasix
Te1, 4 Takke B NpcoOPA3OBATENSX /IH.ICHUE WM MEXlMY.
HATIDAKEHHS B 3JISKTPHY. CHTHAN, HAHP. B MHKPO(OHAX U 3BY-
KOCHHMATETAX.

Jhem.: Waesnuckas J1. C.,
HMKOBBIE TCH3OMaTYMKH, M.—JL., H. Hoosmaporos
TEHIOPHLIA AHAJlIrB—Mz\TeM. TEOPHN, WIYYAIONTas
OOBEKTHI CIICIL. PO/Ia — TEM3OPHbIC MOJA (cM. Teusop).

Heobxoaumocts npuMeHCHHA T. 4. BO3HMK4CT, KOTda Ans
H3YYCHHA TOr0 HUIH HHOTO (pH3. HBICHHA (OTHOCHTENBHO
K-pOrO MMEETCA HOJMHAA CHCTEMA HCHPOTHBOPEHMBBIX JIAHHbBIX
I8 CO3AAHNA aBCTPaKTHBIX MO/ICICH B MATCM. TEPMHHAX)
TIPMXO;IMTCA HPHBNCKATL MCTOA KOOPAMHAT. Koop/AMHATHBIH
METO TMO3PONAECT HAPAMETPH30BATh MOJECIbL MPH TMOMOIIH
KOHEYHOTO MJIM OeckomnedHoro 4YHela napamerTpoB (KOop/u-
HAT), K K-PbIM MOXII0 [IPHMEHSAThH TC HITH HIIBIC MATEM. OTepa-
LMK, BbIBOABI, MOdydentble B PCIYNLTATE YTHX OMEPALHIl Haa
NMapAMETPAMH, JOJIKHBEI HMETh 0OBEKTHBILIA CMBICT H Xapak-
TEPH30BATb CHOWCTRA M3YYAEMOT O ABJEHUH, HE JABHCHMBIE OT
HCTIONK30BAHHOTO HAMM CTIOCODE NapaMETPH3AIMM, T. €. KuK
TOBOPST, 3TH BLIBOABI JO/KHBI ObITh HHBAPHAHTHBIMH OT-
HOCHTETBIIO BHIOOPA CUCTEMbl KOO IHHAT.

TPy W3yHeHHH KOTIKPETHBIX 38jlad BbIGOP CHCTEMBl KoOp-
OMHAT He Beerga Gespadanued. Yacro Smarojaps y/auiomy
BetOOPY KOOPIMHATHONH CHCTCMBI 3HAYMTCI(BHO YIPOIAKTCS
BBIK/IA/IKH, COOTHOILCHUA TNPHOOPETAIOT MPocTyio GopMy,
M 9TO OBJIEr 44€T YCTANORIEHHE HCKOMDBIX CBOHCTB M3YJdCMBIX
obbekToB. Onna M3 1. 3a/ay T.a. COCTOMT B TOM, Ur0OH
HAHTH KPUTCPHH, TIO3BO/ISHOIIHE BBIYBUTL MHBAPHAHTHOCTH
TEX MIIH HHbIX BBEIPAXKEHHH, COCTABICHHLIX IIDH TTIOMOIM 1APa-
METPOB CIeIl. CHCTEM KOOP/THHAT.

B ¢u3uke Haine Bcero pacCMaTPHBAKOTCA TEHIOPHMIC M0IR,
3ABHCAIUMC OT TOYKA TPEXMCPHOTO e68KAUDOBA APOCIAPANCINGa

”(YJMAWI)K()H A H.. Hoaynporoa-
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(B MCxal{MKe. TCODUH YIPYTOCTA, NIEKTPOIMHAMHKC M T. jL.)
1MBO OT TOUKH HETHIPEXMCPHOTO TICEBAOCRKITHIOBA NPOCTPAH-
CTBA (¢M. Muikogckooo npOCIHpancingo-apestst) (B TCOPUM OT-
HOCHTCIILHOCTH, TCOpHM HOAS H 1. 4.). OmHAKO 1. H. TeopeMa
O CYIICCTBORAHHH JJOKAIbHAIX TOMCOMOP(H3IMOB B MHOI'OMEP-
Hpix OBIACTAX 1O3BOJISET CTPoMTL T.4. Ha MHOrOOGPA3HAX
(eM. Muocooipasue) 1106010 (KOHEHHOI0) UHCIA HIMEPEHHH.

Du3. TPUMCDAMH CKaJIAPHBIX TIOJEH, T. €. TEH3OPHBIX NoJel
patra 0, SBIAIOTCH: TeMI-pi HCDABHOMEPTIO HATPETOrO Tend,
UOTEHUMAT] HEOAHOPOAHOIO JL.-CTATHY. HOJA, MIOTHOCTH He-
OHOPO/IHOTO TETA, jlaBJICHUE B HEO/JHOPOIHOH 1'a30BOA cpe-
ne. B kauecTBe NPHMEPOB BEKTOPHBIX TOJIEH, T. C. TCH3OPHbIX
Tostel PaHTA |, MOXHO PACCMATPUBATB YEThIDEXMEPHBIHA Bek-
TOp 3)1.-MdrH. IO MIH YCTHIPEXMePHBI BCKTOP ILIOTHOCTH
TOKd.

Hall TeH3OPHMIMU NOTAMM MOXHO OCYIIECTBIATH TC Ke
aareOpany. AEACTBHA, YT0 M HAl TEHIOPAMH, HMCA B BUJLY, 4TO
BCE TEH3OpHbIE MONIA GCPYTCA B ONHOH M TOH Xe ToUKe,

B T.a. B ocH. u3yqaroTca qudhepeHIl. Onepaiyd a1 Ted-
30PHBIMH HonsaMH. TIpH 3ToM Tpebylores Takue 06oGIneHus
ITHX OMEPalMi, K-pble HPH IIPUMEHEHHH K TEHIOPHBIM MO1AM
COXPUHSAIOT HX TCH30PHYIO CTPYKTYDY.

YacTHble TIPOH3BO/IHBIC KOMIIOHEHT TEH30PIOrO NOjs 1o
KOOPJMHATAM x' yxe HC ABAsOTes, BOOOIEe rOBOPA. TCH30D-
HBIM 10JieM. DTO CBA3AHO ¢ TEM, 4TO IPH MEPCXOAC OF OQHOM
TOUKH K APYIOi M3IMEHAIOTCR HE TOMBKO KOMIIOHEHTB! TEH30pa
{18 NpOCTOTHl HHOTIA TEH3OpHOE ToJsic ByAeM 11a3bIBaTh
TCH30pPOM), HO H JIOKaIbHAS KOOPAMHATHAS CHCTEMY, B K-POW
OTIPCAETIIOTCA ITH KOMIIOHCHTBI. nO')TOMry P43HOCTE MER Ty
«3HAYEHHSMM» TeH3opa B Toukax (x'+dx'. . x"+dx%)
H (x',..x") He Moker ObITh OTpeaereHa kak OECKOMEHHO
Ma.10¢ TIPHPALLIEHHE TCH3OPHOTO 10,18 HIIK ero IHGACPent a1
Bumecto 3toro B T.a. onpenenserca ab0CconoTHBIH Ju(-
tdepeaunan DT tenzopa T ¢ audepeHIMpyeMbiMH KOM-
MOHEHTAMM, Y/IOBIICTBOPSIOLINI HOCTY 1ATAM:

1) abc. auddepenumast DT SBIACTCA TEHIOPOM TOIO KC
panra, uro u 17

2) MMEIOT MCECTO Clle/1. HpaBr:a AudipepeHipoBanns

D(A+B)=DA+ DB
D(AB)=(DA)B+ A(DB),

tae (AB)— BHCl. npouwsBeicHue vensopod 4 u B. Ecan Ten-
30p T 3a14€Tca B piemanosost npocmpanchiae qaddepennnpy-
CMBIMH KOMIOHeHTaMH T§t s, TO KOMIIOHEUTRL €ro a6e. jnd-
depentnana DTG ',,: onpeieAsioTea YP-HUAMH

T4,

DT = i —dx
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HbIE ¢ METPHY. TEH30POM C.1efl. 0bpa3om:
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Ot™Merum, uTO caMu cuMBonsl Kpuctodipeas He spasioTes
TEH30PAMH.

HaxoxacHne KOBAPMAHTHOW HPOH3BO/HOW Ha3. KOBAPHAHT-
HbIM  AutepeHUHpOBaHHEM. KoOBApDHAHTHAS [POU3BOAHAS
TCH30PHOTO NOAA 0Gpa3yeT TEH3OPHOC II0Je, HMCHINCe Ha
O/IHH KOBAPHANITHBIA HHACKC GOMBIIC, MEM HMCXOATOC IO,
Hanp., ecau f;(x', ..., X")—KOHADHAHTHOC ICHIOPNOC MO3e
paHra 1, T. ¢. KOBAPHAHTIIOC BCKTOPHOE T10.IC, TO KOHAPHAHT-
Has TIPOMABO/IHAS ITOTO TEH3OpA




HOOABISCICH  KOMIDHANIHAIM - TC30POM  panid 2. Eomm
il b)) — KonTpasapuaHTHOC TeH3OpHOC TOMe paHra |,
T. ¢. KOHIDABAPHAHTHOE BEKTOPHOC TMO.T€, TO €10 KOBAPHAHT-
HAs TIDOHIBO, as

i

i
it 'H’

(8%

1 ABTHCTCS KOHTDABAPUAHTHBIM TEHI0pPOM panra | W koBaph-
ATIRIM TelsopoM panra 1. TIpasnita KoBapuaHTHOTQ jtHbe-
DCHIIHPOBAHIS 18 CYMMDI H 1IDOW3BCACHHS TEH30POB COBIIA-
10T ¢ HPABH.IAMH 06h1HOro ANGGCPCHINPposAHNA. KosapH-
AaHTHOC Juddepennypopanue TePECTAHOBOYIIO co
CBL‘p]'I.IH‘(lHHCM.

B nckapTOBbIX MPAMOYr. KOOPAMHATAX (roe cuMBoan Kpu-
crodhests pusabl 1YMO) H UIS CK2JIIPHOTO N0JIS KOBWaPUAHT-
Hasl IPOWIBOINAS COBHAIAET C OORIMHOM.

Konapuattiioe AudipepeHiiuposaic Ha pUMAHOBBIX MHO-
roo0pasusx HekoMmyraTusio. Hanp., ans moboro ekTopa
€ KOMIIORCHTAMK 1, Boobuic TOBOPA, f,Flh . T.K
M=t = R, W1 e Rix—Tenop Pumana — Kpucrodpena
(Kpreaesitol m('um/)) PHMAHOBA NPOCTPAHCTBRA.

JLoIS PUMATORA 1POCTPARCTRa ¢ byl /1AM. METPHY. TCH30POM
s BBUTO-NIAIOTCA COOTHOHICHHA gy ;=g %=0, g ;=0 (Tcopema
Puyan), 1ac g=det ] g ). T. ¢ hyHoam. Tenzops! BeayT cebs
KaK KOUCTAHTHI OTIOCHTCIBHO KOBAPHAITHOIO AH(depeHin-
POBAHUS.

Buaxuylo poas v T.a. mrpacT monsrdc unpapHanta. M-
BAPHAHTOM HA3. BLIDAXKCHHME, COCTABICHHOC M3 BEJIM4MH,
3ABUCANTMX OT BbIOOPA CHCTEMbE KOODAHHAT, K-POE HC M3MEHH-
€1 CBOCTO 3IUMCHHS M CTPYKTYDY TIpH 3dMCHC OJHMX KOOp-

SHAT JIPYTHMH.
T.a. Obl1 HOCTpOCcH B 19 H. B OCH. UTAI. MATCMATHKAMH
Puyusr . T. JleBu-Uuanroii. Beicrpoc passuiue TCH3IOPHONO

ana'nra B 20 B, ObLIO CTUMY/IMPOBAID CO3NANHEM A. DiiH-
HITCHAOM 0BINeH TCOPUM OTHOCHTC.IBHOCTH, MATCM. annapa-
FOM K-POH SBISCTCH TCHIOPHOC MCHHCIICHHE.

Trn: Koann 11 EL, BekTOPHOC HCUHCIIEHHE M HAMATY TE30PHOTO
remesems, 9w, M., 1965 Pawenek it Il K., Pamanosr reomet-
Pl i TCIOPIBLIA arams] 3w, M. 1967 Mak-Konbea AL,
Buelienue B re)OpHBIR aitanns, nep. ¢ adi., M. 1963 Cxoyren
A-AL Teusopnsib (um W3 suis QMIKKoB, Tep. ¢ alti, M., 1963;
Cokodvankos Tewsopubtit a3, Teopus M npaMenenivs
B ICOMCTDRI 1 1 MCXUIKE CHLIONITRIX cpey, nep. ¢ ama., M., 197];
Bexya M. Ho. OcioBu!l TOmopROro anaiiia ¥ TeOpuH KOBAPHANTOR,
M. 1978, C. H. Asaxos.
TEOPEMA CPT— yTBCPX/ICHHE O TOM, HTO PEJIHTHBHCTCKH
HIBAPHAHTIGA KBAHTORAS TCODUH 108 ¢ 0ObIMHOMR cps3bio
MEKAY CHHHOM YaCTHI M MX CTATHUCTHKOM ABTOMATHUCCKH
HITBAPKAHTHI OTHOCHTC1LHO TPOU3BCACHUS Tpeodpazopantii
OTPAKCIHS IPOCTPANICTB. KOOPIMHAT £— —r (P-mpeoBpasoba-
HUC). vopaienin epesteniu (— — ! (T-npeobpa3oBanne) u 3ups-
BOG020  CONPRNCEHIA —~—3MEHD] YACTH]] AHTHYACTHUaMH (C-
peodpaonanne). STy TcopeMy uas. Takxe Jliogepca—

Muayan  teopemoit [ JTioaepe  (G. Liders), B. Mayuu
(W Paul (1952—55)].
T. 0., 1789 1106070 ABUKCHUA K.-J1. YBCTHL CYITICCTBYCT «CHM-

MC!pH‘HI(‘C JBHAKCHHC AHTHYACTHID, ABJIAKOIIECCH (qcpkanb-
HKIM H300DakeHHCM» TICPBOTO M OOPUUIETIHEIM OTHOCHTC b=
1O HCTO MO BpeMern. MMeeTes UPHHLMNWAILHAS PA3NULUA
MLy 1PCOOBAHHCM HHBAPHAHTIIOCTH OTHOCHTENIBHO KAKIO-
TO W3 OUYMX NMCKPETNBIX IpcoBpas’oBandil Mo OTACILNIOCTH
napeBoBatneM CPT-uHBapHAHTHOCTH. MHpapHaHTHOCTE OT-
nocureabtio (-, P- u T-npeobpa3zoBanni HAKIAabIBACT OF-
PAHMUCHHSA Ha 3HAYCHHA KOHCTAHT BIAWMOJCHCTBHA B JIArPAH-
*uane. Hanp., P-HHBAPMAHTHOCTL TpeOGyeT paBCHCTBA KOH-
CTANT BIMMOACHCTBHA (PePMHONOB ¢ MPOTHBOMOJOKHBIMH
Kupa.asioentgane, 4 CP-UNBAPHAH THOCTh — BCIICETBCHHOCTH
KOHCTAIT HIaHMONCHCTBHA. M3 9KCTICPHMEHTA H3BECTNO, MTO
Akckpernbic C-, P- 0 T-cMMMCTPHM Hapylsensl. Jlarpamku-
ay crangaprod SU(3), x SU ) x U(l)-monemn (em. Kean-
Mosad XponoduiaMuKa, 31eKmpocaaboe e3aumoocicmaue) e
0BNAIACT  COOTHETCTRYIONIMMH  CHMMETPHAMH M ¢ TOYKH
IPCHMA COBp. TEOPUM  CKOpEE HYKI4cTes B OOBACHCHUH
DAKT CPAHHHTCILIO CaGOro HapyUIEHHA MCKPETHEIX CHM-
MeTpHH.

Cratye CPT-HHBAPHAHTHOCTH COBCPILIEHHO HHOH, OCKOJIb-
Ky OCHOMoH CPT-veopeMbl CIyKaT TpeboBanus cren. (uwacr-
HOMH) TCOPUH OTHOCHTENLHOCTH, JICHCTBHTE:ILHO, YETHOC YHMC-
JI0 OTPAXEHHH KOOD/MHAT Munko8cKoeo ApOCmpancmea-epe-
venu (PT) GopMallbHO CBORMTCS K MOBOPOTY B HEM (Ha
MHHMBIH yron). TootoMy cywecrayronme GH3. TeopHd, MH-
BAPHAHTHBIC OTHOCKHTCIIBHG Jopeiye npeodpasosaiu (1. e. Ho-
BOPOTOB B HPOCIPAHCTBC MHHKOHCKOT0), OK43bIBAKOTCS 4BTO-
Marudcckd CPT-nuBapuaHTHeIMU. (TToCTPOHTE upuMep Jo-
KaJbHOH KBAHTOBOH TeopuH mons, He obuanarowed CPT-
MHBAPHAHTHOCTHIO, OCTATOMHO TPYAH0.) T.0., 3Kcncpum.
HpoBepka CPT-TeopeMbl HO CYLUECTBY SBJISETCA HPOBEPKO#
PCIATHRUCTCKOM MHBAPUAHTHOCTH U JIOKATBHOCTH B3AHMOACH-
CTBHS.

CPT-WHBAPHANTHOCTD TIPHHOAMT K CIICA. DABEHETBY [Lis
MaTprunbiX ieMentoB S-marpunnt {a|Stb>=(h|S|a), rne
|@>. | h>—cocTositng CP-conpsxEHubIe IO OTHOMCHUIO K CO-
CTOAHUAM @), |h). OTCIORA HONYHAROTCH TIPCACKAIAHHA pPa-
BEHCTBA BPEMEH XKH3HM M 40C. 3HAYEHHH MATH. MOMEHTOB
qactuil B anrudacTun, M3 CPT-rcopeMp Takke cielycT pa-
BCHCTBO MACC MACTHU M dHTHHacTHi. Bee crneacteua CPT-
MIBAPHAHTHOCTH TIONTBEPXKAAIOTCH C OFPOMHOH TOHHOCTDBIO.
HauJy4IHas fO4HOCTH B H3IMEPEHHH DAa3HOCTH MACC HaCTHIl
M AHTHYACTHIL JIOCTHUTHYTA JUEA HEHTpaiblibiX K-ME30HOB:
|y o—Mgalim »<6-107 12 PapencTBO anomatrnsx maonum-
HOLX MOMENINOE JIEKTPORA U HOIMTPOHA HPOWEPCHO ¢ TOUHO-
¢Thio ~ |0 ™ '2. PaBCHCTBO BPCMEN XM3IHH (T) HACTHI M AHTH-
‘ldLTHll ¢ naub. TOUHOCTLEO HPOBEPCHO LTS MIOOHOB:
(T, =T, )T, <(3+3)-107° (1= #/I", T —coorpeTcTByIO-
nas umpm{a pactana).

Muni: Mareioc T, PeiaTHBHCTCKAA KBARTOBAS TEOPHS BIAHMO-
HeHETBHH 11EMEBTAPHBIX HACTHIL, nep. ¢ anrn., M., 1959, Bepecren-
xuit B. B, Jlnprwnn E. M., Mutaescknit JI. I, Kvasropas 2aex-
rpoIHLAMKKE, 3 B3, M., 1989. M. H. Bucoyxui.
TEOPUS UHOOPMALU CTaTHCTHY. TpOLec-
Cax HCPENAMH unhopyayiie B YCXH., HDHPOJIHBIX H COUMATBHBIX
cucremax. Ocu. moHaTHA T.w.—Mcpa Koig-pa UHOOPMALHH,
HPONYCKHAs CIIOCOBHOCTH KaHana cBasy, 3h¢d. koaupoBaHuc
coobuicuuil — Gty BBeacHbl B 40-x 1. 20 B. K. HleHsoHom
[1]. T.n. sBASCTCS HO CYWICCTBY CTATHCTHY. TCODHMCH CBS3H,
WM Tcopuedl Hepenaun HHPOPMALMH, OjiHAKO OOUHH Xapak-
Tep ef NOJOKEHHA TMO3BONACT MCCICIOBATh TAKAKC MPOIECChI
noaydeHns, obpaboTku M xpaHenUa MHOOPMANHH.

T.H. TecHO CBA3UHA € TEOPHUCH KOOWPOBAHHS, B K-poi pac-
CMATPURAIOTCA 00uIMe MPODICMBl YCTATIOBNCHHS COOTRCTCT-
BHSL MCXKIY COODMeHUAMU A CueHasami, NPEICTABIAOIHAME
oTH cooBuieHus (CM. Takke Koduposanue ungopmayuu), a TaK-
Ke ¢ TeOpHCH 0OPAaGOTKH CHIHATOR, B K-PYIO BXOAHT KBAH-
TOBAHHC H BOCCTAHOBJICHUC KBAHTOBAHHEIX CHIHAJIOB, d TAKKE
KOPPEISI. H CHCKTPANIbHbIH dHAIW3bI CHTHATIOB.

Meroap T. M. UCTIO:L3OBAIHCH ¢ PA3HOH CTCTICHBIO TLIOA0-
TBOPHOCTH BO MH, HPWKJIAIUBIX OBJACTAX, BKIO9dA HHPOp-
MATHKY, 93LIKO3ITAHUC, KPHITOrPaQHIO, TCOPHIO YTIPABJICHHA,
obpaboTky n3obpaxennd, TCHCTUKY, TICHXOIOTHIO, DKOHOMH-
KY, OPFdHH3AIMIO 1IPOM3BOJICTBA, OJHAKO OCH. 3HAYEHHE OHH
MMCIOT 1155 TCOPHM CHCTCM CBA3H. BoanukuoBeHHe T.H. CTH-
MYJIHPOBAIIO TAKKC UCCICAOBAHHA B OB14CTH TEOPHH BCPOAT-
HOCTCH.

T.H. PacCMATPUBACT TOHATHC «HHDOPMALIHHD TOTBKO € KO-
JIMHECTB. CTOPOUBL, 0€IOTHOCUTCILHO K ¢ NCHHOCTH M JdXe
eMpiCTy. TIpH (aKOM TO/AX0ME CTPAHKITA MAIMHOUMCHOTO TEK-
CTd MAKCUMATBIO COOCPKHT BCETOA TPHMEPHO OIMHAKOBOC
KO.J1-BO MHGODPMALIMH, ONPCIEISICMOC TONhKO HHCIIOM 3HAKOB
# npoGenon (T. ¢. CMMBOJIOB) HA CTPABMIIC H HC 3ABMCAINEC OT
TOrO. 4TO MMCHHO H4 HCl HATIEHATAHO, BKIIIOUAA ciydait Gec-
E€MBICJICHHOTO, XdOTHIECKOT 0 nabopa CHMBOJIOB. Ana Moacu-
DOBAHHA CUCTEM CHS3H TAKO#H MOIXO/, IPABOMEPEH, OCKOTBKY
OHH TIPEIHATHAYEHB 1T 6¢301NG0UHON NepCladn No KaHamy
CRA3H UHPOPMATIMM, NPCACTABICHHON JIIOOBIM HAGOPOM CHM-
BOJIOB. B TCX XK€ CUIYHasiX, XOIHMd CYUCCTBCH YHET LEHHOCTH
H eMbiCTa MNOPMALNH, KONMYECTB. TOAXO]A HEHPHMEHHM.
10 OBCTORTCIABCTBO HANATACT CYIUECTBCHTBIE OPAHHHYEHHS
Ha 06.14CTH BO3MOXHBIX TIpuaoxkennil T. u. Heyder ero npusén
Ha PAHHHX ITATTdX DASBHTHA K NICPCOIICHKE NPHKIANKON 3HA4H-
atoctat T.u. [1]
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OCH. CTPYKTYPHAs CXEMid CHCTCMBI CBSI3H, PACCMATPHBacMag
B T.u., npuncaena Ha pue. 1. Undopmanuio B BHae cooblue-
HHH CO3MaéT HeTOo9HHK cooObmennid. CoobiueHns Hpea-
CTaBRASIOT COBOH CjloBa HIH HAGOPBI C10B, 3dHHCAMHbBIC
SykBaMu Hek-poro aidasBHTa. MCTounMkaMH coobuieHHH
MOTYT ObiTh HCIOBCYCCKAS PEYb, TCKCThI Ha JI0OBIX ecTecTs.
HAH HOPMATBHBIX S3bIKAX, JAHHBIC CHCTeM cBopa H 06paboTku
WHOOPMALIMH, A TAKKE HCK-DBIC MATCMATHY. MOJCIIH — Be-

POSITHOCTHBIC TPOLRCCH], CO3/AOIIME  HOC/ICAOBATCIBHOCTH

Wetounmk Aapecar

coobensi

Coobuienne Momexu  Coobwsnue
" Kanas i
peA: conan [ Moneminx
Turkan Curnan
Pre. 1.

6ykB. [lepenaTynk HpeobpasdyeT nepcapaeMoe coobiieHHe
B CHTHAJ, COOTRETCTBYIOLIMHA U3, UPHpOAE KAHA A CBA3H.
KaHan ¢BA31—IT0 cpesia /IR EPEelddH CHIHAIA OT nepeaT-
YHKa K OpPHEMHAKY. TIpH IPOXOX/ICHHH CHIHA/1A HO Kalaiy Ha
HCTO MOTYT BO3ACHCTBOBATDL 1OM €X H, BHOCHLIHC HCKAXCHHA
B 3HAMCHUS HHGbOpPMALl. HADAMETPOB cHrHanma. [TpHEMHUK
BOCCTAHABIIHBACT 110 MPHHATOMY B OBIIEM CI1yMA€E C HCKAKEHHU-
SIMH CHTHATY HCXOQHOE COOOHIcHHC. BoccTaHOBICHHOC €006-
INCHHE OCTYNACT aApPEeCaTy—HEK-POMY JHIY HIH TeXH.
verpoiieTay.

HCTOUHHKH COOOHICHHH, DACCMATPHBAEMBIC B TCODHH HH-
(HODMAIIMM, MMCIOT CTATHCTHY. XAPAKTEp, T, €. TIOABJICHHE Ka-
KAOTO U3 BOIMOXKHBIX COODINCHUH (MOJHBIA Habop K-pbIx
TIPENOIATACTCS  3APAHEE WIBCCTHBLIM) OHPEACAACTCH COOT-
BETCTRYrOWEA anpuopuol BepoaTHocTbio. Cornacito MlenHo-
Hy [1], cuntactes, yTo deM GOIHLTC AHPHOPHAR BCPOATHOCTH
JAHHOIO COOBUICHUS, TCM MEHBIIC HCOHPCCIIEHROCTH OTHOCH-
TEABHO €ro JICACTBHTCBHOIO MOSBACIHA H, C/1€/10BATENBHO,
TEM MEHbUIC HHPOPMALHH OHO Hecdr, EciiH BEPOATHOCTH NO-
ABJICHUS COOOLICHHS — CAMHHIA, T. C. €O IIOABJICHHE JI0CTO-
BEPHO, TO HCOMPEICAEHHOCTH HCT W CHHTAETCS, 4TO COOOIEHHC
HE HeCCT HHOOPMALHA,

Jl1a OlUCHKH kosI-Ba WHGpOpMalmu B coobuicHHH B T.u.
HCNONB3yeTCH NoTapHdMUY. Mepa, BBeIGHHas P. Xapran [2],
BCPOSTHOCTHAS MHTCPIpPETAlHS K-poit Obl1a siaHa B paboTax
Wennona [1]. Eci¥ BEpOATHOCTh MOSBICHHA COODLICHHMA
X CeTh p(x), npuueM Q<p (x)< |, TOKonuuccTBo undop-
MALHR [(¥), COACpX)AILEECH B COODILCIIHH, OHPCACIAETCA
h-2100:

1(x)=—logp(x). (4}

®-aa (1) onpeaciseT KOM-BO HHGOOPMALMH € TOYHOCTHIO 10
OCHOBAHHA J0TApHGBMA, T. €. ¢ TOYHOCTBIO /IO TTOCT. MHOXH-
rest. Kak mpaBH.1o, B Ka4eCTBe OCHOBAHHUS J101apH(Ma BHIOH-
paeTCst UHCIO 2 M CAHHHUEH KO.1-Ba WH(OOPMALMH ABIACTCS
GHUT, 4TO COOTBETCTBYCT MCTIO.Th3YEMOI B BLIYHCITHT. TEXHHKC
JIBOHYHON CHCTCMC CHHC.IEHHA.
[pu 1r060M OCHOBAHHM JIOTA-
pupMa /(x)20, I(x)=0 npu
pxy=1 u [{x)»oc wpu
p(x)—0 (puc. 2).

Ecmu x u x;—coobweHus
OT j1BYX HC3UBHCAMBIX HCTOUHH-
KOB € BCPOSTHOCTAMH HOSBJIC-
HHa p(x,) ¥ p(x2), TO BEpoOAT-
HOCTb WX COBMECTHOTO HOSABIIC-
s p(xg, va)=plx,)plxs),
a4 COOTBCTCTBYIOUICE  KON-BO
HHGOPManHK

Iy, xp)=I{x)+1(x;).

3TO aJUMTHBHOE CBOHETBO JIO-
rapuOMHUY. MCpbl CAYXKHT OC-

-logp

HOBAHHCM 718 BelGopa €€ B KA4CCTBE Mepbl KOJ-BA HHpOp-
MallHH, T. K. COOTBCTCTBYCT MHTYHTHBHBIM HPE/ICTABICHASM
0 CYMMHPOBAHHM KOJI-Ba HH(POPMALIMH, COAEPKALICTOCH B He-
3dBHCHMBIX COOBILICHHAX.,

Jas coobuienmni Ay, ..

Y CO3/1dBACMbIX HCTOYHHKOM C BC-
n
POATHOCTSMH P, ..., P, [PHUCM ): pi=1, llcuuoH BBET cp.

MEpY KOJI-Ba HH(bOPMHllM)i prCj]l-‘lCl-‘lMCM Nno MitOXECTBY co0b-
HEWHH

— = Palogp,. 2)
Jlorapudm 3ncch, kak ¥ B -nc (1), obwiuno Gepéres Ho
ocHoBaHH 2. ®-mus [/, xapaxTepuiyromas HHbopMail.
¢BOHCTBA HCTOYHHKA cOOOILIEHHH, HA3, 3HTPONHER. T. K. IO
hopMe OHA COBHAMACT C dHmIponueli B CTATHCTHY. (H3HKe,
XapPAKTCPH3YIOLIEH ANPHOPHYIO HEONPEACIEHHOCTh HAXOX]Ie-
HHA CTATUCTHY. CHCTEMBI B COCTOAHHAX Xy, ..., X, HMCHILHX
BCPOSTHOCTH P, ..., Po. OUEBHANA HPAMas aHATOTHA d-J1bl (1)
JUIS Koll-Ba HHdopMmanus B coobinedun u ¢-inl bojabumana
ATA $u3. JHTpOIHH S

S=kIn W+const,

rae k—nocrosHHas Boibumana, W—mepmodunamuneckas
gepoamuocms. B camoii T. H. W €8 HPHIIOKCHUAX ITd aHAJIOTHA
€ M3MKOH HE MIPACT, O/IHAKO, CYLIECTBCHHOH POJH.

Ecnu B d-nie (2) JMIUb OJiHA W3 BEPOATHOCTEH PABHA €/IHHH-
e, & OCTAbHBIC — Hy/H, HEOHPCACIEHHOCTH B IMOSBJICHHH
coobHicHni wet w H=0. Ecir coobuicnns paBHOBEPOSTHBY
piL=..=p.=l/n, ¥ HCONPENCICHHOCTL B TOM, K4KOE H3 HHMX
MOSIBHTCA, MakcHMaIbHa, To H=logn. 310 3HaUCHHC 3MTpO-
(M SIB.INETCA MAKCUMATHHBIM H PABHO B JTOM CIYHAC KON-BY
MHPOPMALIHH, HOYHAEMOMY OT KXI01'0 OT/L. COOBIICHHA.

JIIA HCTOYHMKA, CO3AAIONICIO JIBd COODUIEHHA X, H X4,
K-pBIC MOXHO 3aKOHPOBATH B JABOHUHOM KoJ¢ Kak 0 1 1 co-
OTBETCTBEHHO, HPH BCPOATHOCTAX COOBICHUA p W ¢=1 —

H=—plog:p—qylog.q.

IpaduK SHTPORHH LTS8 3TO-
TO ciydas MApHBCACH Ha
pHC. 3. DHTPOHHA MAKCH-
MAaILHARA, KOT;Td dNPHOPHAS
HEOMNPENENEHHOCT  MAKCH-
MallbHA, T.¢. IPH p.g=1/2.
Mpu oM H=1 &ur, uto
COOTBCTCTBYET OTHOMY j(BO-
HYHOMy cumBOJYy (Bykse),
HCIIONb3IYEMOMY B KOjlax
Co0BLICHHH.

EC/H HCTOYHHK €034a8T YCThIPe COODILEHHS X 1. X3, X3, Ng,
TO HX MOXHO 3aKOAMPOBATH B jBOHYHOM Kojc Tak: 00, 01, 10
n 11. Ipu p,=..=ps=1/4 oHTpPONIME MAKCHMAJIbHA,
H =2 6UT, ITO COOTBCTCTBYCT /IBYM [BOHYHBLIM CHMBOJIAM,
HCHOJIB3YEMbIM JUIA KOMPOBAHMS coobluenuid. Boobue 1as
HCTOYHHMKA, COMAIOIETO # COOBLICHMH, MAKC. 3HAUEHHE DHT-
pori H=log,n, 4TO COOTBETCTBYCT MHH. YHCIY JIBOMHHBIX
CHMBO,/IOB B KOJOBBIX CJIOBAX OIMHAKOBOH JLIHHbLI, 06pazy-
IOIHX PABUOMEDHBIE KO/bl H HEODXOUMBIX IR KOAUPO-
BaLMS 1t PABHOBCPOSTHBIX COOBLICHHHA.

LEcnH coobeHus He sBISIOTCH PABHOBCPOSTHBIMH, TO JUIS
IKOHOMHH Cp. BPEMEHH HA MX flepe/iady MO K4AHAIY CBAIM
HPCANOYTUTENLHO HCIOJIb3OBAHHE HEPANDHOMEPHBIX KO-
10 B, 00pa3oBanHbIX HOJCC KOPOTKUMH KO/IOBBIMH CIIOBAMH
i 6os1ee BEPOATHBIX CoODIICHHA H GOlee AIMHHBIMH —— T8
MEHEE BEPOATHBIX COOBLICHHHA. JIjIS 71 KOMOBBIX CIIOB. HMe-

0 176 V2 374 ip

Puc. 3,

©OwHX /4, ..., [, CHMBOJIOB, CPC/{HAA AJHHA cJI0Ba (CO0b-
LICHHA) OHpesieNsacTea (-0
"
L= Z 1ipi.
L

Tac p;— BCPOATHOCTH MOSBIICHHA COOTBETCTR. ¢JIOB {coobiie-
Huit). DHTpomus 3amalT WMX. TpaHuuy s L, T.e. L= H.
VYMeHblicHHe L, T.e. npubnmkedue L k H W KaK CI€lCTBHE
YMEHLUICHHUC CP. BPCMCHI TEPE/1aH COOBILICHHI, BOIMOXHO 3a



4T HPUMCHEHHSA IPONETYP YO PCKTHBHOIO KOAUPOBA-
BHA. IDPCKTHBHOCTE KOAUPOBIHUA XAPAKTEPHIYETCS BEIM-
yHHOH N=FH/L, a Bemunna p=1—" Ha3. HW3O6BITOYHO-
cTh10. 3. KOTMPOBAHHE, OOCCTIEYHBAIOINCE MHH. 3HAYEHHE
H3GLITOYHOCTH, MOXHO OCYHIECTBHTb € NOMOHIBO k0108 [lch-
HoHa, P. ®ano, [l. Xabdmena [1, 3] (8 ciyuae u=0 ko Ha3.
OHTHUMAJbHBM).

Ko Xadpmena crpoures cieit. odpazom. Coobnienns (yuc-
JI0 K-pblX KOHCUHO) DACTIOIAratoTes B 1abnmie B cronben
B HOPS/IKE YObIBANHA HX BEPOATHOCTCH. [1Ba MOCACIHUX COOO-
HICHHA ODBEHHAIOTCA B OIHO C CYMMADPHOR BCPOATHOCTBIO,
H JAJIEE 110 TOMY KC TPABHAY CTPOMTCA cAci. cTosbell Tabin-
UBL 34TEM B TOJYHETHOM CTONGIE /(BA MTOCTEAHHX COOBIICHUS
BHOBb OOBCAHNAIOTCA B OIHO C CYMMAPHOH BEPOATHOCTBIO,
€TPOHTCA HOBBIH cToAben Tabauunt 1.1, Tponece Hpo1os-
AETCH 10 Tex. MOP, 1OKd B MOCIIEAHEM TOCTPOSTTHOM cTonbne
HC OCTHUHETCS jIByX COOBINEHMI. BepXHEMy M3 HHX TIPHITHCBIBA-
eTcs Ko10B0e 1080 0, HibkHeMy — |, J{u/tec paccMaTpHBAETCA
MpEeANOCIICAHHH CTOJIDEN, B K-POM ISl 00bEAHHSBIIMXCS CO06-
LIEHHA H2 BTOPOM MECTE KOJIOBOrO cjloBa cTaBuTea O suis
Bepx. €oobinenus n | — i vuxHero. Ecnn coobmenns He
OOLEAHHATIHCE, TO OHH COXPAHAIOT KOJ0BbIE CIOBA TPEAbILY-
mrero ¢roJibua. ITpolece KOAMPOBATIHA NPOAOTKACTECA 10 TeX
Nop, MOK4 KOOBLIE CNOBA HC OYAYT NMPHIUCAHK BCEM HCXOJ1-
HEIM COODINEHHAM B TIEPBOM CTODIE.

TlycThb, HaMp., MCTOYIHK CO3AAET YCTBIPE COODIIEHHS X |, X 2.
X3, X4 C BEPOSATNOCTAMH py = /2. p,=1/4, py=p,=1/8. Tlpo-
ecc mocTpoenus koda XahdpMeHa 11 31010 ¢layvas — obn-
CIAHHCHHE COODILIEHHH W KOJMPOBAHME —HOKa3aH B Taba1. 1

Taba. 1.

Taba 2

xi Kox
x 0 0 0
X3 10 10 f « !

H Tabi. 2 COOTBETCTBCNHO. LA INOCTPOCHHBIX KOIOBBIX CIOB

coobulennii 0, 10, 110, HH cp. juinna crosa
L=1/2-1+1/4-241/8-341/8-3=7/4,
YTO pPaBHO 3HAYCHHIO ODHTPOTIHH JUIS DPACCMATPHBACMOTO

HCTOYHHKA: H= —1/2log,1/2--1/4log,1/4—1/8log, /8 —
—1/8log, 1/8="7/4. H3GpITO4960CTh KOAHPOBAHHA =0, u¢h-
DeKTHBIIOCTL M =1, T, €. HOCTPOCIHBIN KO — ONYHMATLHBIA .
HcHonbiosanue 5. KOAHPOBANUS. OJIHAKO, IOMYCTHMO
TONBKO TIPH TNONHOH TAPAHTHH OTCYTCTBHS ONIMGOK [iPH KOJIH-
POBAHHH H ACKO/MPOBAHHH COOGLUCHHI, T.K. B 9TOM ClIywae
omubka B BOCCTATOBJICHHH OHOUO COOBINCHHA MOXKET No-
BI€Yb TOARJICHHE OLIMOOK NPH BOCCTAHOBICHHH MHOTHX 110-
CTIEAYIOILHX COOBINCTHIA.

K Haub. paxHpiM mpoGiemam T. u. OTHOCHTES COrTaco-
BAHHC MHPOPMATL, CROUCTB HCTOMMHKA COOOUICHHH H Kamama
cessn. [lponyckHas cnocoBHocTh KaHala CBS3H
C onpenensercs KaK M4kC. KOJ-8O HHOPMALHH, K-pOE CIO-
©ober nepeaats Kaiad B CHMHHIY Bpemend. Enunnneii H3-

our/c.

TycTh HCTOYHHK CO3RAET COOBUICHUA B BUAE CIIOB, 3A1IHCHI-
RaeMbix GykBamu aibasuTa A, ={a,, ..., 4, }. [Ipn BeposTHO-
CTSX TOSBJICHHS 3THX OYKB p,..., p,, Ha OJHY OykBYy npuxo-
ASTCR B CP.

MEpEHHS NPONMYCKHOH CHOCODHOCTH KaHATA4 CBS3W ABNAETCH
l /

H=7¥ pilog:p;

OuT muopManmn. OcuoBuas Teopema Meunoua nas
kKaHana cBA3sH Ge3 myma dopmyiupyerca cien. o6-
pa3oM.

TlycTb HCTOYHMK COOOIIEHHHA XapaKTCPH3YETCs SHTPOMMCH
H (OHT/6yKBa), & KaHAA CBAIH HMEET MPOTYCKHYIO CHOCOG-
HOCTE C (BuT/C). Tor/1a MOXKHO 3aKO/HPOBATH COODILECHA TAK.
4TOOLI MCPCAABATE CHMMBOJNbBI N0 KAHANY CBA3M CO CP. CKO-
pocrbio C/H—g (BykBa/c), rae £—CKOJIb YTOJHO MAJIOE YHC-
0. Tlepcaasars OYKBBI CO Cp. CKOPOCTBIO, MPCBbILIAOLIEH
C/ H, HeBO3MOXHO. [IOCTHXCHHE BEPX. TPU4HHIBI 15 CKOPOCTH
nepeaady, ykasnibacMol Teopemoit [llenHoHa, ocymecTsnser-
Cs 34 cyéT NpUMCHEHHs mpoueayp 2Gd. KOAUPOBAHHS.

Tpu nepeaaye CHI'HAIOB N0 KAHATTAM CBH3H HAa HHX BOIMOX-
HO [ACHCTBHE pasJl. TIOMEX, NIIYMOB, K-pbic MOTYT TIPHBECTH
K MCKAKCHHUAM BOCCTAHABJIMBAEMBIX coobuichui, TTycTs, Kxak
H parnee, HCTOYHHK COOOWEHHIT co3AalT CNOBY, 3uTMChIBAEMbIE
Dykpamy aidapnta A, =lay, ..., 4,} TpH BEPOATHOCTAX HX
LOSIBJICHHS P, ..., Pm. [IYCTb Jailee BCIEACTBHE NEHCTBHMS TO-
MeX CJIOBd, BOCCTAHABIHBAEMbIC MPHEMITHKOM, OKA43bIBAIOTCS
JanueaHnbiMl B asidasdre B,={b,..., b,| K-pblfi, B nact-
HOCTH, MOXCT COBNAATH C aTaBHTOM HCTOMHHKA, MPHYEM
BEPOATHOCTH TOSBAENHA Oyks andaBHTa B, DABHBL /i, ..., Iy
Torjia ko-BO HNPOPMALIMH TIa BHIXOAE KAHAIa CHAIH OTHOCH-
TEALHO €ro PXojd, TMPHXOJAILIEECS HA OJHY NEPEAUBUCMYH)
GyxBy, oupeaenserca ciesl. ¢-noH:

nom
By, An)= Y ¥ pijlogs 24,
IERWENY Pibj
rae p;; ((=1..... n j=1....m)—BEPOSATHOCTH COBMECTIIONO
TIOSBJIENHA GYKB BXOMHOTO H BBIXOAHOTO aNd)aBUTOB.

TponyckHas CcNOCOGHOCTL KaHaNa CBA3ZM ¢ LIYMaMH
C,, ONPeJICIIACTCH KdK MAKC. KON-BO Hrpopmainuu (B, A.,).
K-POC MOXHO Tepe/laTh 1O KaHajly cBA3HM 1a 1 c. Makcumym
MAXOAMTCH /UTA BCCX BO3MOXIIbIX MCTOMITHKOB, K-pPble MOTYT
6bITh HCTIOTIBIOBAHL! Hd BXOJE AAHHOTO KaHANA CBATM.

Teopema Mlennona N9 kanaga CBA3H € MyMa-
MH (POPMY.IHPYETCH CIEA. 0GpA3OM.

MyeTs H | —cp. KO-B0 HHPOPMALIHH, CO3/IdBAEMOC HCTOH-
HHKOM B €HHHIY BPEMEHH. T.e€. NPOH3BOAHTEILHOCTE HCTOH-
HHKa cooOlleHHH, nimepsemas B Out/c. Iycts mamee C,,—
UPOMYCKHUS CMOCOOHOCTh KAMATd ¢ LIYMOM, TOXC H3IMEPSR-
emasi B 6ut/c. Toraa ecan H, < C,, TO TAKOH CHCTEMBI KO/IH-
POBAHMA TE CYMIECTBYET,

T1ponycKHAA COCOBHOCTL KaHANA € IMYMOM CYLIECTBEHHO
JABHCHT OT JISHCTBYIONIMX HAa CHITAIBI MoMex. Pacemorpum
JIBOHYHBIA CHMMETPHUHBIH Kanajl, Nepegatoltdii 1BOHYHbIE
Sykebl 0 M 1 ¢ BCPOATHOCTLIO NPABWILHON HEPCIAYH & M HC-
KAKAOLIHA X ¢ BEPOATHOCTBIO 8= 1 —&. [ponyckuas enocob-
HOCTb T4KOTO KAaHAJIa NPH IICPendyc OJIHOH OYKBHI B CCKYHIlY
oHpenessercs ¢-nok

Cu=1+zlog,e+3log,d.

tpacmx 3aBueumoctn C,, or & npuscnés Ha puc. 4. Ecnm
3 =1/2, T.€. ecJIH BepoAT-
Cy HOCTh HPABMIIBHOH Mepe/iaim
1 6YKBbI paABHa BEPOSTHOCTH €l
HCKAXKCHHA, TO TIPOHYCKHast
CMOCOBHOCThL Kalldfid ¢ Iny-
vom C,,=0.

Teopema [enHoHa ang ka-
HaJ1d C LIYMOM HE YKd3biBAET
KOHKPCTHOTO cnocoba Sopb-
6n1 ¢ nomexamu. Ilpocreii-
HtHi cHoco® 60pbOBI ¢ mOMC-
XaMH, COCTOMIIAA B MHOTO-

\2r

L L
0 /4 /2 4 1%

Puc. 4.
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KPATHOM NIOBTOPCHHH coobuieHnit, HedddexTupen, T. k. Tpeby-
er GOIIBIIMX 3aTPAT BpeMeHH Ha Hepenaty. bouburyio apdek-
THRHOCThL ODECTICUMBACT TPHMCHEHUC KOJOB, NO3BOJISAIOIIHX
o6napyXuBaTh H HCNIPABNIATE ONIKOKH nepenayn. [Tomexo-
YCTOWUHBOCTDL KOOWPOBAIHS HPH 7TOM obccneudBacTes
CricI. BBCACHHEM H30LITOMHOCTH, T.C. BBCIACHHCM B coofllc-
HHe n0DABOMHBIX CHMBONIOB, K-DbIC HCHONL3YIOTCA 178 00-
HAPYKCHUS ¥ HCTIPABIIEHHS OMIHOOK B NPUHSTOM COOOIICHHH.
K 4mc1y K010, 0OHADYKHBAIOUIMX H HCHPABMIAROLIMX OTIHG-
KU, OTIOCATCS KO bl X IMMUHT a (¢M. Koduposanue ungop-
Mayuu).

Jum.: 1) Wennon K, PaGorel 10 1copud uudopMawin v kubep-
HeTHKe, mep. ¢ awri., M., 1963: 2) Xaprau P.. Iepenaua nugop-
MaltiH, [nep. ¢ anrn.], B ¢6.: Teopns HHGOPMAIIMHM K €¢ [IPHIOKEHHS,
M., 1959:3) Ctparonosud P. JI., Teopus uuhopmannn, M.. 1975;
4) Ilonnapckuii P. 1., TepMouHHAMEKA HHQOPMAIIHOHIIBIX [IPOUEL-
cop, M., [981;5) Hukonuc /. C.. IHITAMHK2 HePaPXHYECKHX CHCICM,
1ep. ¢ anri., M., 1989, B. H. Kunuun.
«TETUIOBASL CMEPTh» BCEAEHHOW —runotcsa, Bul-
apuHyTas P. Knmayauycom (R. Clausins, 1865) kak-3kcrpanons-
HS 4MOPOCO NAYAAd mepmodunasuky Ha Beto BecacHmyro.
Cornacuo Knaysuycy, «3Hepruf MHpa NOCTOAHHA, YHTPOTHA
MHpPa CTPEMHTCS K MakcumyMmy». T.e. Bcelewas jmomxma
anﬁTH B COCTOANMC TMOJIHOTO pasioreciid ﬂl(’[l\f(){’ull(l,\{ull("
K020 (COCTOSAHHE (TCMNOBOH cMEPTH»). OMHAKO JKCTPANOIN-
U BTOPOrO HAYATA TEPMOIHHAMHUKH, YCTATNOBJICHHOrO B N1ab.
yCI0BUAX, HA BCHO Beenennyto HeoGoenoBauna. Beeaentan we
SBJIAETCH OOBIMHOH JAMKHYTOH W30 IMPOBAHHOMR CHCTEMOR, JUTS
K-pOil (hOPMYIMPYIOTCSH 3aKOHBI TEPMOTHIIAMMKH.

JAns paccMOTpeHHs 3BOTIOIMH BeencHHOR (B 4acTHOCTH.
TEIIOROH) HEOOXOJHMO YHCCTh NCPEMEHHOE IPABMTAIL HOJC
(eM. Kocmoaorus). A A ®puaman joka3an, 4to Beencnuas,
3AMONNCHHAA TATOTCIOIAM BENIECTBOM, HC MOXCT GbITh CTa-
HHOHAPHOH, a IOJKHA PACHIHPATLCA HIH OKHMAThed. B aTom
cllywae W3 BO3IPACTAHHA OJHTPOMHM INE eie/lycT CTPCMIICHHA
CHCTCMBl K TEPMO/ITIAMHY. PABHOBCCHIO H  MPAJIOKC
«T. e» B. He BO3MHKACT {cM. Takxke Dumponid Beedennoi).

Jhem.: Tauaay JL A, Tudmun B M., Teopua nong, 7 w3a., M.,
1988; TonmMeH P., OTHOCH TCULHOCTE, TEPMOJHIIAMHKA H KOCMOS10THH,
1iep. ¢ aurit., M., 1974, 1. 10; 3eapnosuu . b, Hopukos U. 11,
Crpoenue 1 3sononua Beenenuoi, M., 1975 Beitnbepr C., Tpasuta-
LUMA ¥ KOCMOAOIHA, NEP. ¢ anri., M., 1975, HA. H. 3ydapes
TETIAOBAAA ®YHKLMSA (tennosas dyuknus [M66ca)—To

KC, UTO JHmMAAbNUL.

TEMAOBHUJAEHHWE — nonyuenne BUIHMOIO  H306pakcHus
Te Ho ux TemnosoMy (MK-) nityuenuto, coOCTBCHTIOMY HiTH
PACCCAHHOMY; HCTIOIB3YeTCH JUIS OTpe/ienerus GopMsl H Me-
CTOMOTOKEHHA CTaBOHATPETHIX U 3UMACKHPOBAHHBIX OOBCK-
TOB. B T. Y. HAXOJAIIHXCA B TCMHOTE WIIH B ONTHYECKH HCTIPOT-
pauHbIX cpeflax. B mocrnenneM ciy¥ae B cpeic co3TaéTeA MC-
KYCCTB. TCTIOBOH NMOTOK, PABHOMCPHOCTE K-POTO HAPYLIAETCS
CKPLITHIM O 17123 00BCKTOM (AC(EKTOM CPE/Thl), HT0 IPOABIA-
€TCA B BH/I¢ 1IePCTIASIOB TEMI-Pbl HA BHEILL. 11OBEPXHOCTH cpc-
bl Tlocneanece OTKpLIBACT IITHPOKHE BOZMOXHOCTH NS Hepas-
PYUIAIOUHX MET0/0B KONTponsa. (eobeHHOCTh HAdiNO/ICHHA
B jitbHeH MK-06.14CTH CHICKTPA COCTOMT B OTCYTCTBHH HEH3-
TYHAOLLETO (POHA — BCC OKPYKAFOHHE TENId WMCIOT COBCTBEH-
HOE MeNA080€ u3Ayuenue, CPABHEMOC MO WIOTIIOCTH HCNYCKa-
€MBIX HMH (POTOHOB (IIPH KOMHATHON TEMI-PE M JUIIHHC BOTHBI
HATYMCHHS A = |0 MKM) ¢ COMNEYHbIM CBETOM Ha JUTHHE BOJIHBI
0,5 Mkm (npumepno 10'® doronjem? -¢). Ecnn 6bt uetoncuec-
KHii 10123 Obl1 YYyBCTBHTEICH K HIIoBoTHOHOMY MK-u31yyce-
HHIO, OH BbLT Obl OCNETIEH HIIYyYCHUCM OKPYXKAIOLUIHX Tel.
Kposme Toro, Obl1o bl HCBOIMOXHO HAGRIOAATL pailHAlL
KOHTPACThI. TOCKOJBKY jldkKe Pa3HOCTh TeMn-p 1 0,2 "C co3aa-
€1 (npu A =10 MxM) korTpact ~0,3%, & MHHHMAJIEHO HAGIIIO-
JIAeMBIR [HA30M KOHTPaeT cocTaBnAcT | —2%. IToyromy pas-
pabaThIBAIOTCS CNel. NPHEOPH — TEILHOBA3OPHL (HJIH TCPMO-
rpacbl), BOCIPOU3BOAAIIME HA JKPAHE M PETHCTPHPYIOUIHC HE
4BCOTIOTHBIC 3HAUEHHA FHCPTCTHY. SPKOCTH 1I4TPETOVO TCIId,
A NHITL H3MEHEHHS SPKOCTH OTHOCHTENBLIO CP. YPOBHA. DTO
TIO3BOTSET JOCTHYb BLICOKOTO KOHTPACTA B U3ODDAKEHHH NPH
BECHMA MAMLIX PAIHYUAx B TeMIT-pe (j10 0.01—0,001 " C) mex-
Ay JeTanaMu 0OBekTa HAGMIO/ICHHA TMHO MCK/LY 00BEKTOM
u poHOM.

B copp. TennoBH3OpaX HCNOILIYIOTCS BHICOKOYYBCTBHT.
npuéMHHKH MK-n3nyuenus (cMm. ITpuérnnki onninieckooo ii-
Ayyenun), NpeobPA3YIONIHE CTO B WICKTPHY. CHIHAN, K-phbli
YCHIHBAETCs, 06pabaThIBACTCS H BOCIPOM3IBOIHTCS Hil IKPUHC
HILHKATOPd. O6BIMHO 3710 OXNAKAACMbIC (POTOIICKTPHY. [IPH-
éMHMKM. ONHAKO KaK NCPCNICKTHBHAA AJTBTCPITATHRA paceMat-
DHBAETCA BOIMOXKHOCTH HCNOTLIOBAHUA HEOXILKAACMbIX Ma-
TPHI, TOCTPOCHIIbIX HA NHPO3ICKTPUY. IPHEMHHKAX WIIH MIK-
pobo:toMeTpax. [lupod.weknipuku SBNKKOTCA TUKKC OCHOBOI
A8 CO3TAHHA MHPOBU IHKOH O B—TCACBH3. TPYOOK ¢ MH-
HIEHBHY, 4yBCTBHTENbNOMH K UK-nyuam.

Henocpeacrs. nabnioacuue MK-uaryucuus c1laboHAIPCThIX
061cKTOB 6¢3 MPCOOPAIOBAHHA €0 B IAEKTPHY. CHTHATT MOXKET
OCYIIECTBIATECH CEHCHOMIMAKD. doTorpaduy. IMysILCHAMU
(u1s TcMH-p obbekTa He Huke 150 'C) ambo (naa Hoec
HU3KHX TEMTI-P) ¢ MOMOWBIO IRanOpopatfinn K14 TCMHEPATY-
POMYBCTBHT. MCHOKUX KPUCILLIOR.

HHTEHCHRNOCTD TCIIOBOMO HAMYHCHHSA TETi, JIOCTHIAIOLICTO
TIPHEMITHKA  H3TYUCTIHS, OTPEIETIASTCA HC TONbKO TCMH-DOM
TCId M €0 HIIYHaT. CNOCOOHOCTBIO, HO H OCTIABACIHCM, BHO-
cHMbIM _aTMochepoil.  «OkHa»  mpo3pawiocTH  aTMouhepbl
B MK-0614CTH CTICKTPA HAXONATCH B AHAMAOHAX 3,5~ 5.5 MKku
H 7.5—12 MKM, TIOITOMY B 3THX JAHATA30HAX OOBIMHO 1 pubo-
TAIOT COBP. TCIIIOBH3OPBI.

T. NIpHMEHSETCA B BOCHHON TCXHHUKC I8 HAOMIOICHUA, pad-
BEIKH H MPHUETHBAHHA, B MCIHUMNC ANA JHATHOCTHKH Paii.
3a60.1CBARMIA, B HABHUTALHH, 1€ONOIMY. H JICSIOBOM paiBeilke.
9KOTOTUH, JACHEKTOCKOTHH, IPH HAYY.-TCXH. HCCICIOBAHHSAX
TCMNA0PBIX NPOLECCOB H T. 1.

Jum.: Nesntun HU. B.. Undpakpacuan rexnnga, JL. 1973 M-
POWHHKOD M. M., TeOPCTHUCCKHC OCHOBE ORTHKO-)TeKTPOLRNIY
apudopos, Jl., 1977, Jaodn Jx., CHCrems! TelTOBMIGHHA, TICD.
¢annr, M., 1978; Kpuxcynop M. 3., llagaaxo [. A, Teniosu-
s0psl. Crupapounuk, K., 1987: ['occopr XK., Huppakpaciuas iepao-
rpadus, nep. ¢ gpana, M., 1988, M. M. Mupouson

TEIJIOBOE HU3JIYUYEHUE (TemucpatypHoe HimyueHue)
BI.-MATH. HUIYYCHHE, HCHYCKACMOC BEMICH ' BOM H HOBHHKIO-
uiee 3a CHET Cro BHYTP. MHEPruu (I OTJIMMHS, HALP., OT JTIOMH-
HCCLICHUMH, K-Dasi BO30YX/IICTCA BHCIN. HCTOMIMKAMA IHCP-
thn). T. K. UMCET CRAGNGHOR CHOKIMD, TONOKCHUC MAKCHMYMiL
K-pOFO 3ABHCHT OT TEMT-Pbi Beuicctda. C ¢€ NOBBILICHUCM
BO3PICTACT OOIIAs YHEPIHS HCIYCKACMOro T. M., & MaKCUMy™M
nepeMentaeTes B 001acTh Mabix AtHs Boan. T, u. ucuyckact.
HATIP.. MOBCPXHOCTD HAKATEHHOIO MCTAILTA. 3CMHAR aTMocpe-
pPaH T. A

T. n. HOIHMKACT B YCTIOBHAX /ICTATLHOIO PABHOHCCHN B Be-
1ecTBe (CM. JIentaabioeo pusrogecus npuiqui) 18 Beex 6e3bi-
Jyqat. npornecees, T. ¢ 18 pa3il. THNOB CTOJIKNOHENUMI ac-
THIL B TA34X W ILIA3ME, JUIS OOMCHA IHSPIHAMM TICK TPOHIIONO
H KoNebaT. [IBWXeHUH B TBEpABIX TCax U T. 1. Pamimosccnoc
COCTOSHUC BEUICCTBA B KAXIOH TOUKE MPOCTPANCTIA —CO-
CTOSIHHE TOKAIILIOIO TEPMO/IMIAMHKN. paBHOBecHS (JITD)—
TMPH ITOM XaPAKTEPH3YETCH 3HAUCTIACM TCMI-PhL. OT K-poit
3aBHCHT T. u. B JanHOH Touke.

B ofllcM cyuac CHCTEMb] T, jU1s K-POH OCYLICCTBIACTUS
mHuib JITP U pasil. 7ouKK K-po# HMEIOT pasil. 1emi-pol, T. o
HE HAXOOMTCH B TCPMOJHHAMMY. PABHOBECHHM C BCHIECTBOM.
BoJiec ropAYMe TeMd HCMYCKAKOT OOThLIE, YCM LOTTONKOT.
a Gonee XONOAHBIE — COOTBETCTBEHHO Ha000pOT. [TpoHCXOANT
TIEPEHOC HIJTYYCHHA OT BONIce rOpAYHX Tel K 60MCe XOIO/UIM.
JIng nonaepkaHHA CTAUMOHAPHOrO COCTOSHUS, TIPH K-POM
COXDAHSACTCA PACTIPE/IENEHHE TCMII-Pbi B CHCTCMC. HCOBXO/H-
MO BOCTIOJIHATL TOTCPIO TEIMIOBOH DHEPFUM  HIIYUAIONTM
60os1eC TOPIUHM TEJOM M OTBOJHTH €€ o1 Dousce X0d0HOro
TCId.

IIpn NOJHOM TCPMOJWHAMHY. PABHOBECHH BCC HdCTH CHC-
TCMBbl TCIT HMEIOT OOHY Temn-py u Jucprug T. ., ueny
€MOI0 KaXk:IbIM T€IOM, KOMIICHCHPYCTCA YHEPIHEH mornoua-
emMoro 2TtHM TedoM T. H. ipyrux Ten. B 9Tom cayude jerahn-
HOC PABHOBECHE HMEET MCCTO U juls watydaT. mepexojios. T. k.
HAXOHTCH B TEPMOJTHHAMHY, DABHOBECHH C BCHUIECTBOM M HU3.
UIAVHENUC M PUBHOBCCHOIA (p(lBHOBeCHLIM ABNACTCH T. u. afi-
cotiomno uépho2o me.aa). CuckTp PABHOBCCHOTO W3ITYHCHUA He
3ABHCUT OT HPUPOABI BEHICCTBA W onpeaenseTcs [imika savo-
HOM NIIVUCHILS .




Jns T. u. Hew€pnmix Test cnpaBeIHB Kupxeodia saxon ui-
AYHenyA, CBAZLIBAFOIGHI UX WCNYCKAT. W morsouiat. cnocod-
MOCTH C MCTTYCKAT. CMOCOOHOCThIO aBCOTIOTHO UEPHOTO TCa.

Mpx Hamwann JITP, npaMenns 3akoHbl wiaydenus Kupx-
roda u [TraHKa & Mcmyckaduro  noraotexnro T, w. B Tazax
H TLTA3MC, MOMKHO H3YMaTh TIPOLCCChl TEPCHOCA HAJTYYCHHS.
Takoe paCCMOTPEHHC LIMPOKO HCTIONb3YeTCA B dCTPOMH3HKE,
B YaCTHOCTH B TCOPMH 3BE3/IHBIX aTMOchep.

Jum.: TInank M., Tcopus TelJOROIO HiiydClHs, TEp. ¢ HeM.,
1935 Laubswesnd M. A ATOMHAS M MOICKY.IHPHAR
chekTpockoums, M., 1962; CoGoues B. B.. Kypc rcoperuyeckoii
acTpotuank, 3 wai. M., 1985 M. A, Evacany.,

TEIIOBOE PABHOBECHE—CM. Pagnosecie mepsoduna-
Muyeckoe.

TEIVIOBOE PACHIMPEHUE — u3McHeHHe Pa3MepoB Tena
UPH HarpcBaHHK. T. p. MPH TOCT. TABJIECHHH p KOMUYCCTBEHHO
XaPAKTEPHIYETCH M300APHBIM KOM. pACIIMPCHHUS (K0, 00b-
émuoro T. p.) a=V"YdV/dT), tac V—obbém tema (TBED-
JOTO, XHIAKOTO HITH raaoo6pa3H0r0). n]’)'dKTM‘-lCCKH 3ItaveHHC
o onpeaesiseTes d-10i

_y
Wr-n'
rae V'm ¥—o6bEM Teaa npu Temi-pax T'm T COOTBCTCTBCH-

HO (T>T). Ans TBEPOBIX Te1, HAPHNY ¢ o, BBOOAT KO3th.
mreiiHoro T, p.

o, =1"Ndl/dT),.

TAE /—Hay. JUIMHA Tela BROJb BHIOPAHHOTO HAMPABIEHHS.
B ofuiem crryyac aMM3OTPONHBIX Tl o=, 4o, + %, HPHICM
Pa3THYNC HIH PABEHCTBO NHMHCHROrO koad. T.p. a,, .
4, BOIbL KPUCTAU10Tpadud. occll x, p, = OHPCHCHACTCH CHM-
MeTpHCH KpHCTanTa. Haup., Ans KpUCTA110B ¢ KyOMY. CTpPYK-
TYpOH, TdK %¢, KAK H /118 M3OTPONHBIX TCI, X, =%, =% =%,
a3,

JIna OONBIIMHCTBA TeJl &> 0, HO CYIMCCTBYHYT HCKITIOUCHHS .
Hanp., Bojia upu Harpese ot 0 j10 4 "C npu aT™. fapicoun
cxkumaetca (x<0). 3apucuMoctb o oT T HaHG. 3AMCTHA ¥ Ta-
308 (@18 wdeatsnaco caza a=1;T) y KHAKOCTCH oua npospiIn-
ered citabee. Y HCK-puix TBEPALIX Tl (KBApPLA, MHHBAPA U JID.)
KO3, 2 Ml ¥ IPAKTUHUCCKH TOCTOANEN B IMPOKOM HHTCPBiJle
T.Tlpn 7-0 x03d. a—0.

T. p. Ta30B OGYCIOBNEHO YBCIWYCHHCM KMHCTHY. JIICPIUH
HACTHI( 333 NPH CTO HATPEBE M COBEPIUCHHCM 3a Cuft ITOH
3HEPTHH PabOTbl IPOTHB CHIT BICIN. JABJCHHA. Y TBEPABIX Ten
H kHAKocTeH T. p. CHU3AHO ¢ HCCHMMCTPHYHOCTBIO (AHTPAMO-~
HH3MOM) TEHJIOBBIX KoncGaHHI ATOMOB, Onarogaps ucMy
MEXAaTOMHBIE PUCCTOAHMS ¢ POCTOM T yBC.IHYHMBUAROTCA (CM.
Konebanus Kpuema.aauueckoti peuiémKi). JKCIepiuM. onpeiee-
HHE 2 U O, OCYUIECTBIACTCH METOMAMH aunmatomcTpuu. T. p.
TeT YUHTHIBAETCH TNPH KOHCTPYHPOBANMU IPHOOPOB, MAIIHI
H YCTAHOBOK, PaOTAIOIIMX B NEPEMEHHLIX TEMHEPATYPHbIX
YCIOBHAX.

Jum.:. Tnpmdeasnep Ik, Kepruce Y., Bepa P, Moaeky-
NSpHAs TEOPHS TAI0B K KHAKOCTEN, NCp. C anra., M., [961: Honnko-
a2 C. U., Tewnonroe paciuupenuc tecpisix reil, M., 1974,
TEIUIOBOH BAJIAHC ATMOC®EPBI— cooTHolenue
npHXOMa M pacxogd sueprin B aTMochepe 3eman. T. 6. a.
SBJIAETCA COCTUBISIONRH meni06020 baianca 3emn. Cncun-
dukoit T. 6. a. ABTAETCA MHOTOWIORHOCTD, K-pas obecneunBa-
€T CIbXKHOE pachpefiesnienne (CTPATHGUKAIINIO) TEMN-Ph B am-
socepe 3eM U (CM. Takke Ammocdiepa eepxnsd).

Tlpuxonsiiee Ha Bepx. Tpanutly at™Mochepnr (H~ 1000 kM
HAJl OBEPXIOCTRIO 3eMiH) WaNlyucHHe ColHia 11pekie Boero
NPOXO;TAT CaMblif  BepX. ca0i  aTMOChephl — TepMacdepy.
B tepmoctepe Ha BhicoTax Gosee 100 xM mpoHcxoauT Mpak-
THYECKHM [ONTIOE NOTTOMICHAC ATOMIBIM W MOJCKY.IAPIBIM
KHCTIOPOZOM, & TAKKC MOIEKY.ISPHBIM a30TOM COINCYHOTO
H3IYueHHA C ANMHOA BosHbl MeHee 0,1 Mkm. brarojaaps stomy
TeMH-pa B TepMocdepe pacTéT ¢ BhicoToM: 01 x200 K npu
H=90 xm 10 =~ 1000 K npu H =600 kM.

Ha BbicoTax Menee 100 kM cBS3b NOFIOLLCHMA CONHCYHOTO
H3TYMeHHs CO CTPUTHGHKAIMER TCMIT-Phl B aTmocdepe cTalo-
BUTCA MeHee 3aMETHOH. MHH. TeMII-pbl B aTMocdepe oTMeYa-

IICH HA YPOBHE Me30uay3bli Ha meicore Hx90 kM. Huke
ITOrY ¥YPOBHA pacroiaracres c10H Mezochephl, B X-POM Temr-
pa pacteéT A0 270 K npH yOBIBUHHH BBICOTE 10 YpOBHSf
cTpatonaysu (712350 kM), PocT remn-pbl B Mesocdepe 1pouc-
XOAMT UAPATACABHO ¢ NPAKTHYCCKH TOMULIM  HOUTODICHACM
MOICKY TAMH  KHCHOPOIA CONHCYHOIO WANYMCHHA C JUIMHOR
BOINL McHee 0,2 MkM. [TpH yMCHBILCHUM BBICOTHI B CTPATOC-
(hepe MabNIOTACTCS KUK yBCIMICHHE TOIIIONICHAS CONIEHHOrO
WAIYMCHHR ¢ JUIMHOH BO.NIBI Mehee 0.3 MKM MONCKY. [aMH
030114, TAK H PAAKALL BRIXOLAKHMBAHUC MOSICKYTAMM [IBYOKHCH
YIACPOIA.

Ha npIicoTax 25-—30 XM 1IPOMCXOIHT MPAKTHYCCKH MOJHOC
TOLAOMCHKE O301OM COTHCHHOTO MATYYCHHA C THHOH BO.IMLI
MeHblIe (.3 Mim. Jd1ee ¢ yMRUBIHCHHCM BRICGTH NPOHCXOART
YMCHBICHHE Temn-pht 10 220 K Ha yposue TPONONAYIH.
Pacnpesic ienue TCMIL-phl B TPOTOCHEPE ONPENCTACTCA €& TCH-
AOBBIM  H3AWMOIEHCTBURM € TIONCTHIAION(EH MOBEPXHOCTHIO
M KOHDCKTHUBHEIM HCPEHOCOM CKPRITOIO M ABHOTO Teina 1o
BBICOTC ¥ 1O YOpH3IOHTATH. CKOPOCTH W HATIPABICHHS 1ICPCHO-
CH TENNA B CMOAX, PUCHONOKCHHBIX HA PA3HBIX BRICOTAX. MOLYT
ObITh CYIICCTBCHHO DA3NHYHBIMEU. Tponoctepa nporpesacies
3a cubT KOMBCKTHBHOTO ¥ TYPOYICHTHOTO TEILTOOOMCHA,
TIOLIEHUS JUIHHHOBOTHOBOTO W.(YYCHHS HOBEPXHOCTH 3eMITH,
4 FIKKC 33 CHET NOCNONICHHS TEIUKL BhUICHSIOUEIOCK 1PH
KOH/ICHCAIUMH B aTMOCepe BOTRHOTO Mapa.

Cpenncroaosoif riodaasHbi T. 6. a. onpeerscTes pasHo-
CTHIO NOFNOICHHONH ATMOCHEPOH ICPTHH (COJIHEUHOTO U3
JYUCTIHS M HAIYYCHHSA UOBCPXHOCTH 3cMIM) M H3IYUSHHOH
AHCPIHH (K MOACTHIAIOLICT MOBEPXHOCTH 3CMIM M B KOCMOC).

VX0;t80148 B KOCMOC DHCPTHA TCIIOBOrO HATYYCHHA [UTaHe-
1bl, paBHasg 235 Br M %, COOTBETCTBYCT TCILIOBOMY H3lyue-
HiLK0 (. arm. cmos ¢ Temir-poit 253 K. Takyro TeMi-py HMccT
BCPX. FPAHHIA 00JAKOB, DHCTIONOKEHEAA H BHICOTAX OT 4 10
7 KM HA MOBEPXHOCTHIO 3eMin. AjibGe1o cueTeMbl 3emus —
aTMoc(epi ONPEACTACTCH B OCH. OTPAKCHHEM KOPOTKOBON-
HOBOH PAIMALIMK OT TPONOCHCPHBIX 00IAKOS.

BaxueicH xapakTepuctikoit T. 6. a. ABiscTes napmiko-
abiit 2fifierin cueTeMbl 3emist— aTMochepa. YBCIIHUCHHE KO-
Bd OONAKOB B Tpornocfepe BCAET K VBEHMYCHHEIY aTnbeno
oicTeMbl 3eMin—atmocicpa M TAPHUKOBOTO  IHPCKT:
B cucTaoc Bpems cyToK WPHCKT yBenMuCHHA anbbeao mpesa-
JIHPYCT 1101 NUPHHKOBBIM H NPHBO/IMT K YMCHBINCITHIO NPUTO-
Ka OMEepraK B cueteMmy 3emas —atmocdiepa. EMHOC BpemMs
CYTOK HAJIHYHC OO/1aKOB PCIKO YBCITMUMBACT TADHHKOBHIA (-
(eKT ¥ yMCHBLINACT MOTEPH SHCPIMH CHCTCMOM. JICIHHKOBBIC
NEPHO Wbl Ha 3CMIIC. TIO-BH;IAMOMY, 64 00YCI0B.ICHB] YBCITH-
qcHMCM a1b0e0 CcHeTeMBbl 3eM.18 — aT™Mochepa, HPOHCICA-
UMM 33 CYET BRIOPOCA ICHCTBYIOIIUMH BYJTKAHAMM I CTPATOC-
thepy 60.1B10H Macery wacTHIL BYJIKaun9. ne1na. Bed yrenmun-
BAIOLLEECS CHMIAHHC NPHPO/IHOIO TOTLTHBA MOXCT NPUBECTH
K 3HAYMT. YBCIHMMCHHIO B dTMOCHCPE COUEPKAHUS JIBYOKHCH
yrieposa. Pocy kOHICHTPALIME JTOr0 1a3d B-aTMoctiepe npH-
BCUCT K YBRIMUCHHIO HAPIHKOBOIO 3(hCKTa, YTO MOXCT N0-
Bl1eYb 32 COOOH NOTCHICHHE KIMMATA 3eM.TH.

Jum. M. P cT. Jenaneoi Garanc 3es. A1 Hakmitonos.
TEINJOBOHU BAJJAHC 3EMJIN — Sanance mepruu temwio-
BBIX M PAajMall, NpoleccoB B aTMocdepe U HA NOBEPXIOCTA
3eman. OcH. UPHTOK JHEPTHH H CHCTCMY aTMocdepa — 3eMan
OBYCNORICH CONMHCUHLIM M3TyYEHHCM B CHCKTPAIBHOM [IHATI-
30He o7 (.1 10 4 MKM (KOPOTKOBO.IHOBas pannauns — KBP).
On xapakrepusyeres cp. ouepruci KBP, raaaroned na eamn-
HUUIYI0  ILTOMAAKY WA BCpX.  [paiie  amstocdepot
Jemanu—uncoasnuci—E, B armocdepe uacts, ol
anepruy (1) — k£,) noroumae res obiiakaMHu, a)po30neM 1 rasi-
MM, H4CTh (£,) pacceuBacIcd M OTPAKAETCH B KOCMOC (CM.
puc.). (ITpu pacemoTpenun T. 6. 3. 0OBIYHO OIICPHPYIOT yepen-
HEHHBIMH N0 BPEMEHH K 110 NOUCPXITOCTH, LXMATHIBAFOLIEH
3eM:b0 B Opencnax «TMoc(ephl, MOTOKAMM YHEPTHH uepc3d
CIMHHHMHYIO TUIOIA/IKY: IPeHeOperator TOAMMHON aTMocdepsl
[0 CPABHEHHIO C PaIMycOM 3cwm.) Jo nosepxHocTH 3emiun
J0x0/MT acTh KB, pasras £,. Yactn KBP ( OTPANACTCS
HOBEPXHOCTHIO 3eMiIH W YXOJMT B KOUMOC (T. 0., [ —F3
norouiacTes 3emaéin). OGuit Hotok Hueprun KBP. yxons-
t1Hit B KOCMOC, pancH AFq. 1e A —adbfiedo CHCTEMBL ATMO-
chepa — 3emirs.
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MNomumo KBP » T. 6. 3. cymecTeennyio poJib HIpdeT Ten-
JIOBOE H3ITYTEHHE aTMOCHEDb! W HOBEPXHOCTH 3eMUIH (JUTHHHO-
BO.IHOHas paguauns— JIBP, jnuHbl BoMH 0T 3 a0 45 MkM).
[loBepxHOCTBIO 3eMIH MOTIOUIAETCS IPOTHBOMIIYYCHHE A1~
M()Ld)k,pbl (uacrs JBP Amoubepu. HanpaBlieHHas K 3emiie)

1. DHeprus KBP u [IBP, noraoméunas nopepxnoctoio 3eM-
Jm. DACKOZYETCA MA TEI0OOMER ¢ HIKEASKALUMMH CHOSMH
cymnu u rugpocdepsl, TYpOYIEHTHBIH Te1000MeEH ¢ aTMocde-
PO#, MCTApEHHe BO/Ibl U JIbJA C MOBEPXHOCTH 3eMJIH, CO3/laHHE
OKCJHMY, LIMPKY/SIMH. TIEPEHOCALIEH TEMIO M3 HW3KOLIHPOT-
HBIX B BBLICOKOIUHPOTHbIE paiioHbl 3eMJIM, M Ha TENJIOBOE
H3IYHCHHE TIOHCPXMOCTH 3eMITH C IO TOKOM DHEPrHH Fy,

Yacre KBP (£, — £3) 1 n0or10méHHas 00.1aKkaMH, 4TM. 1a3d-
MH H a3po30:1eM 4a¢Tb JIBP, Hany4€nnod TOBEPXHOCTLIO 3eM-
M (F3). a Takxke BblJIeNHBITAACA B aTMOCdepe TIPH KOHICH-
CAIAK (APOB BOMB! JHCPIHS PACKOAYIOTCS Ha NOAJCPXKAHMC
PACIPEREICHAs TeMI-Pbl B dTMocepe, Na CO3JANHE aT™.
HHPKYAILMH, NCPECHOCALEH ABHOC H CKPHITOE TEIUIO M3 HH3-
KOLIHPOTHBIX B BLICOKOIIHPOTHEIE PAHOHBI 3CMIIH, HA NPOTH-
BOMTYHeHHe aT™ocdepnt (F|) M Ha uilydeHHe aTvocdepoi
JABP B xocmoc (F4). KOCMOC YXOZMT Takxe 4dacts J[BP
1oBepxHOCTH 3eMid (F5). O6lee Kon-so yXoasIueh B KOCMOC
oT HiaHeTsl JIBP pasno Fo.

«MTIHOBEHHBIE» (HE YCPCAHENNDIE) 3HAYCHHS YKA3dNHBIX BE-
JIHMMI CYMIECTBEHHO M3IMEHAIOTCH B TEYCHHE CYTOK, rojd
H B 34BMCHMOCTH OT UIMPOTHI M JOJITOTH PACCMATPHBAEMOrO
paifoHa. B KJIMMATOJIOTHMH (IDHHATO PACCMATPHBATH CpelMe-
rogopoit rioGanpubii T. 6. 3. CpeHErooBbIE  TCMil-pbi
MOBEPXHOCTH 3eMIIM H ATMOCGEPH NPAKTHUCCKH TIOCTOSHHbIL,
HTO CBHACTENLCTHYET O HyneroM T. 6. 3. Vp-nue cpeine-
rogonoro rnobansuoro T. 6. 3. 3anMceIBaeTcs B BHOC PAaBCH-
CTBA ¢YMMBbI MOIJOWIEHHON aTMocdepod ¥ MOBEPXHOCTLEO
3emin dHepiun KBP BenHYHHE yXO/IAILEH OT IIAHETBI 3Mep-
rau JBP:

Eo— AEy=(E,—
ok Fs

Eq)+(Ey— Ey)=
Fo+(Fy—Fy)=
Vp-Hus eIIOBOTO GaNaHca MOBEPXHOCTH 3CMITH H mMena08020
buamica amsocgeps:

(Ey—Ey)— (= F)=0,+Q,

(Ey~ B+ (Fy—F)+Q,+Q

rae ;=88 BT M~ " —KON-BO TCMNa, PaCXOAyeMOC Ha HC-
NApEHHe BOAbI ¢ NMOJCTHIAIOWCH OBEPXHOCTH 3emnn; 0, =17

o

105 Brom~2

F,=185 Br-m™ 7%,

‘M"?-—KOJ-RO TEMIa TEPE/IABACMOTO  MOBEPXHOCTBIO
3eman dTMOCCl.)Cpe 1'1 +E,=Ey= Br Mm% 4=030;
E,—E,=80Br'™M 157 BT-M™2 Fp=235BT1-M™ %

FixF,x343Br-m" % Fz—392 Br-m™% 1'5—-50 Br-m™2%

T. 6. 3. onpesicnger BaKHEALIYIO NS KJlMVldTOJ‘lO[uH BCIH-
“HHY TCIUIOBOrO H3JIYYCHHA OBEPXHOCTH 3eMiu — F,, cooT-
BETCTBYIOLIYIO CPe/IICro10B0H TCMI-pe NMOBEPXHOCTH 3eMJIH
+142°C. Drta TCeMu-pa  ompedesseT  KAHMAT  3eMIM.
F, onpejeiseres noryomicHrol nopepxHocthio Jeman KBP
(E; — E3) M IPOTUBOABIIYYEHHEM ATMOCHEDE F|. YAMBHTCBIO

TO, 4T0 F; DOMbllie BEIHUHHLI MOrNOWEHNON armucdepoi
KBP (E,~E;). ITo sBienue, Ha3. IpHHKOBbIM adderTom
NIOACTHIIAIOWER MOBEPXHOCTH, OOYENOBIMBIET BO3IMOXHOETH
eyMIeCTROBAHMS KHIHHK Ha 3emiie. XapaKTEPHCIHKOH HAPHUKO-
poro sddexta apaserca sesndnHa (F; — F)), k-pyto nvai. abd.
H3JIYSEHHEM MOBCPXHOCTH 3eMITH.

IpH onHolf U TOM e BeJUYMHE HHCOJIALMH £, KJIHMAT Ha
3emite MoxcT ObITh M Gosiee TEHIBIM, M §oJiee XOJOHBIM
B 34BMCMMOCTH OT H3MEHEHHs 47b6e/1o cerembl demias —
aTMocdepa M NApHHKOBOTO 3dipexTa.

Jum.: Kouppatres K. 5., Pa 1e GAKTOPH! P
HEIX  g3MepeHHH  1nobaasHoro  kauMata, JI., 1980; Kowapa-
thes K. 4., Bunenko B. Bumu-me OGJ‘ld‘ﬂM)CIH Ha PAUHAHHIO

o kaumar, J1., 1984; KJ‘IMMBTOJIOI ns, JL,

A, L. Jlaxmuonos

TEMJIOBOMN NMOTOK — BekTop, HAHPABJIEHHBIH B CTOPOHY,
NPOTHROMOJIOKHYK TPAJMEHTY TEMH-Dbl M P4BHBLIH TIO abc.
BEJIMYWHE KOJI-BY TEeTUIOTHI, HPOXOJIANIEMY 4Yepe3 M3OTCPMHY,
HOBEPAHOCTDL B EAHHHILY BpeME:HH Wamepserca 8 paTTax HIM
kkan/4 (1 kkan/a=1,163 T. H., oTHecEHHBIH K eHHHIE
H30TEPMHY. MOBEPXHOCTH, Hd3. MIOTHOCTLIO T.H. WIH yA.
T.H., B TeXHMKE—TENJIOBO# Hdl‘py)KOH E/‘luHMlldMll
uimepenns yi. T. m. cayxat Br/m? u kkan/(m? -

TEILJIOBON TNMPOBOW (hsiektpoTemsonoit upoﬁoﬁ)ﬁpcz-
KOE YBCIIHHEHHE HIEKTPONPOBOJIHOCTH IHIIEKTPHKA (WM 1O-
JIYHPOBO/IHHKA) HPH HPOXOX/IEHHH Y€Pe3 HEro 3IeKTPHY. TOK4,
06YCRORIICHIIOE KOYJIEBbIM PA3OIPEROM (CM. [oroy.aeewl 1o-

mepu} W HAPYIICIMEM TEILIOBOTO PABHOBECHS O0pa3La ¢ OKpy-
*ajowe# cpenoit. B Teopetny. oTHOmcHHM T. n. MMeeT MHOTO
0BLIEro ¢ TenI0BbIM 83psicom. HeoGXxoRHMbIM ycT1oBHem T, m.
ARjISeTcH pe3koc (OOBMHO JKCIOHEHIHAJILHOE) BO3PACTAHHC
NPOBOIUMOCTA G € pocToM TeMl-pbl 7. HesnauuTe.1bHas
B MepBbLIA MOMEHT (HPH KOMHATHOH TEMII-pe) MPOBOAHMOCTD
BC/IEJICTBHE BBIJIENENNS [KOYJIEBA TCIIIA NPHBOAMT K HCOO)Db-
IMOMY TOBHIMEHHIO TCMIT-Pbl, BCJICACTBHC HCTO IPOBOHMOCTD
YBENIUMHBACTCA; 370, B CBOK) OMCPCHb, UPHBOIINT K TANbHCHITE-
MY HOBBIIICHHIO TEMI-PBI H T. I, T. €. IPOBOIHMOCTD H TEMil-
pa BIAMMHO «PACKAYHBAIOT» JpYr Apyra. B cBs3u ¢ TeM, uTo
K03, TCII00T/1a4H 3aBUCHT 0T T ciubee (0ObIMHO NHMEHHO),
CYUICCTBYET HEK-POC KPHTHY. 3HAYEHMC OJIEKTDHY. TIONA
E.,, (3NCKTpHYECKAS TPOYHOCTH), MPH TIPEBLUNEHUH
K-pOrO CTAUMOHAPHOE TEIIOBOE COCTOSHHE obpaslia 0Ka3biBa-
CTCA HEBOIMOXHBLIM (YP-HHE TENJOBOTO OajlaHca HE MMeECT
CTAlMONAPHOTO pemenus). B a1oM ciyuae Temn-pa co ppeme-
HEM A4BHHOOOPAZHO HAPACTACT H, B XKOHEYHOM cuére, pome-
XOJMT MaRJIeHHE HIIM HHOC patpyllenne obpasi.

Ecan B uenM obpasiia ecTb racsitee CONPOTHBICIHE, TO
pa3pyliense MOXCT HC MPOM3ONTH; B 3TOM Cityuac NPOMC-
XOIMT NEPCpacipe/ieIeHHe TIPHIIOKEHHOTO HATIPSHXEHHS, B Pe-
3yJIbTaTe Yero BOIbT-aMrepHas xapakTepucrika (BAX) oka-
3pipaeTcs S-06pa3noh. [IpH KpUTHY. HAHPAKCIHH TOK H TEMI-
Pd TIPCTEPNEBAOT CKu4OK. [TpH YMCHBIIEITHH HATIPSXKCMUA CKd-
40K B OOPATHOM HANPABIEHHH NMPOUCXOJMT HE MPH TOM Xe,
2 TIPH MEHBIIEM KDHTHY. INAYEAHH, T. €. HMCCT MECTO Zueine-
pe3uc. S-06pa3nbli xapaktep BAX MOXeET NpHBCCTH K Heojl-
HOPOJ/IHOCTH PACTIPCACTEHHS [IOTHOCTH TOKA j 110 CCIEHHIO
TIPOBOIIHHKA (Willyposatiue moxa).

Ot naBuHHOTO Npobos, _ODYCIIOBIIGHHOTO  «YMHOXCHUEM)
4ucia cBoboaIbIX NOCHTeNeH 3apsida, T. 1. , OTHHAIOT ropasiio
Gonbmiec Bpems HapacTanus Toxka (107 10% ¢), cuibHag
IABUCHMOCTD 2IEKTPHY. MPOYHOCTH OT pd)MCpOB H (opMbl
00pa3na, TeMrl-pel OKPYXalolued CPedbl, YCJAOBHH TCILIOOT-
JauH.

Hapsany co cratud. T. n. posmoxen ontuHueckuit T.m
B YCIIOBHSIX, KOIJIA ¢ POCTOM TEMI-Dbl ObICTPO BOIPACTACT
KO3}, MOTIOWCTHA ML.-MarH. BasH. TAKHE YCIOBUS BOIMONHBL
npu morntowesHH MK-ranyueHns cBOGOMHBIMU HOCHTENAME,
NPH TEMICPATYPHOM CABMIC THHUM IKCHTOHHOTO MO TOMIEHHS
HT. 1 OnTia. T. 1. SBISETCA OJHHM H3 BOIMOXKIBIX MEXAHH3-
MOB onmuueckeil Gucmabuasitocmy.

Jum.: ®pasna B., I1poGoit jminexTpHKOB, Iiep. ¢ neM., M.. 1961;
Monaasko 0. M, duuka umicktpukos, K. 1980; Dn-
wreiH 2. M., OurkuccRHil TETToBOH NPOGO#H HOMTYHPOBOUIHKOBOR
HnaeTHHH, «KT®», 1978, 1. 48, ¢. 17 3. M. Dnwmeiin.
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TEILJIOBBIE HEM'TPOHbI — 11¢#1POHBI ¢ KHHETHY. HEPTH-
eit ke 0,5 oB; 0BpasyroTes 1IpH 3aMe/LIeHHH ObICTPBIX HCH-
TPOHOB [0 TEILIOB0TO PABHOBECHS C 4TOMUAMH 3AMC/UTAIOIICH
cpenbl. DTOT HPOLECC Ha3. TepMalnilauue#d HcHTpo-
HOB. PacHpenciichue T. H. B 3aMEIHTCIC MO CKOPOCTAM
OHPEAETACTCA €ro TCMI-POH B COOTBCTCTSHH ¢ Makceeisa
pacnpede.enses 018 MOJICKYJ Tasa. SHeprus, COOTBETCTRYlO-
was HauG. ReposATHOH ckopocTu T. H., paBHa 8.6°107° 7 B
(rae T—abc. Temn-pa B K).

Jum. em. upn et Hedmporast Grouka, famedaetue nenmponos.
TEMIOEMKOCTb — k0:1-B0  TCiI:I0TL, TOTNIOIAEMOH Te-
JloM HpH HarpeBanuu Ha | rpaaye (1 C w1 K); Todnec —
OTHOILICHHE KOJI-Ba TCHIOTL, NMOTIOAEMO# TeoM T1pH Oecko-
HEYHO MAOM H3MEHCHHUN €I0 TeMil-Pbl, K 2TOMY H3MCHEHHH).
T. CAMHHIBI MACCHI BCIECTBA Ha3. yaeabHOH T., | Moss Be-

MECTBA — MOJIAPHOH (MOIbHOM) T Equmtianu T ciayxar
Tlx/(xr - K), Ox/(mob - K), Axj(m? - K) 0 BHeCHCTCMHAA eIH-
naua K/ (mo.an - K).

Kou-80 TennoTsl. nor 10meEmnoi 1¢.10M MPH HIMCHCHHU €ro
COCTONHHS, 33BHCHT HC TONBKO OT HAYANBHOrO M KOHEYHOro
COCTOSHHMM (B MACTHOCTH. OT HX TEMI-pbI), HO K oT cHocoba,
K-PbIM ObIT OCYMICCTRIEH MPOLECC MEPEXOd MEKAY HHMH.
CoOTBETCTBEHNO OT clIOCODA MATPEBAHHUS TENA 3aBHCHT M €10
T. O6bruo pasiuaror T. HPH HocT. 00béMe (Cy) 0 T. Hpu
HOCT. jlaB.TeHHH (('p). CCI B MPOICCCC HATPEBAHKA MOIAED-
KHBAIOTCH [OCTOAHHBIMH COOTBETCTBEHHO OOBEM Tela MR
nasyienne. 11py HArPCBAHHKH DK NOCT. JIABJICHUM YaCTh Tel1o-
TH HIET Ha TPONIBOACTBO paloThl  PACIIHpEHHS TCId,
8 MaCTb— M YBEJIMHMEHWUC ero éiympenneil Jnepaun, TOTIY Kak
NPH HAIPEBAHHH [IPH NOCT. OOLEME BCH TCIUIOTA PACXOAYETCs
Ha YBCTHYEHME BHYTP. HEPIHH: B CBA3M ¢ ITHM Cp BCCTJA
Gombiwe, yem Cp. JIns rasoB (PA3POKCHHBIX HACTO/IBKO, YTO
HX MOXHO CUMTATh WiCATbHBIMH) DP43HOCTH MO:IbHbIX T.
Cp—Cp=R, 11 R— YHHBCPCAIBHAS 2430848 NOCMOIHNA,
pasras 8,314 Jx/(monn - K) vau 1,986 xai/(Moas - K). ¥V xua-
KocTeH W TBEPABIX Tesl paTHRLA Mexy Cp M Cy CPABHHTENBHO
mana. T. Cp HCK-PBIX BEUICCTE H MATEPHANOB IPHBEICHB
BTabm. [ u 2.

W3 l-ro m 2-r0 Wavaa ICPMOMITAMHKY  CICIYET, 410
Cp=T(@85:/0T)p.a C, =T(’S!CT)y, 1. ¢. T. iponopi. Pous3-
BONKOM OT dumponuu S CHCTCMB) 110 TEMH-pe 7 IPH COOTBETCT-
BYIOHIHX YCIIOBHAX.

Teoperiy. spiducnciue T., B HACTHOCTH €€ 3aBHCHMOCTH OT
TEMH-pbl Ted, He MOKCT OblTh OCYILECTBJIEHO NPH MOMOUiM
HSICTO TEPMOIHHAMMHY. METOIOB H TpebyeT HPUMEHEHHS METO-
JIOB craamucmiieckoli fusuku (3HAHUSA MHKPOCTPYKTYphI Be-
wectsa). [Is Ta30B phitHcIeNMe T. CBOOMTCH K BHIHHCTCHHIO
€P. DHEPTUK TCILIOROTO /BWXEHHS OTil. MOIEKy. DTO ABHAeE-
HHE CKAABIBACTCS H3 MOCTYNAT. M BpallaT. JBMKCHHH MOJe-
EyJIbl KAK [EJIOFO H U3 KOIeOAHHH aTOMOB BHYTPH MOJICKYJIbL.
CornacHo KJaccHy. CTATUCTHKE, Ha KaXAYIO CTEHEHb CBODO/BI
TOCTYNaT. M BPAIMAT. IBHAKCHHH MPHXO/HTCH B MONbHOH T.
{Cy) raza BenmymHa, paBHag R/2, a Ha Kaxaylo xonebuT.
cTenenb CBOGONBI — R; 3T0 NPRBHIIO HA3. pasHOPACRpede1eHua

Tafa. 1.—Moabhas rernoémkocts Cp B [x/(Moab < K) HekoTopwx
BeuiecTs NpM aTMoceprort naBiaennn n 7=298,15 K
Bemectro Cp Bewecrso Cp
Taaor Teépawic Tena
Ar 20,79 C (aaMas) 6,12
Ne 20,79 C (rpuadur) 8,53
N, 29,12 Al 24,35
0, 29,36 Cu 24,52
Boyayx 29.2 a-Fe 25,02
NH 35,52 Ag 2549
KunkocTn Pb 26,44
Hg 27,98 p-Fe 26,74
H,O 75.15 NaCl 50,79
C,H O (aucron) 125 Agl 54,43
CeHg(benzon 36,1 Al;O, 79,04
H,S0, 138.9 U,05 2379

3aKkoHoM. YaCTHIIA OJIHOATOMHOTO Ta3a 06TAA4ET BCero TpeMs
MOCTYNAT. CTeneHsMH cBobo/bl, cooTBeTcTBeHHO ero T.
Cy nomxHa cocTaBiars 3R/2 [T. e. ok. 12,5 Hx/(moub - K),
K %3 kan/(Modb - K) ], 4TO XOpOLUO COTIaCyeTCH ¢ OMbITOM.
MoJieky;ia IByXaTOMHOIO rasa obnagaet TpeMs MOCTyNa’
JBYMS BpalLAT. H OJHOH KONcHaT. CreneHsMH cBOGO b, H 3a-
KOH PAdBHOPACHPEAC/ICHHS HPHBOMHT K 3HadenHio Cp=TR/2;
OnbIT MOKa3bBaeT, uTo T. MOIS ABYXaTOMHOrO rasa (NpH
OOBIMHBIX TEMH-PAX) COCTABIsET 5R/2, 3TO pacxoxkmeHHe Teo-
PHH H IKCHEPHMEHTA CBA3AHO C TCM, 4TO HPH Bbluuciennn T.
HEOOXOAMMO YYHTHIBATL KBAHTOBBIE HB(eKTH, T. €. MOJB30-
BATBCA KBAHTOBOH cTaTHCTHKOM. COrnacHo Keanmosoii mexa-
HUKe, BCAKAS CHCTEMA 4ACTHIL, COBEPLIAOIIMX KONCOAHHT HIIH
BpalleHHs (B T. 4. MOIEKy.Ia raza), MOXET 0BJanaTh NHIIb
OHpE/iel. JUCKPETHRIMH 3HAYEHUAMH JHeprHM. Ecmu dHeprus
TENJIOBOIO ABHXEHUSA B CHCTEMC HEAOCTATOYHA AN BO36YX e~
HHA KONeOaHMH Onpenen. 4acCTOThl, TO JTH KonebGaHus He
BHOCAT CBOCTO BKA4/1a B T. CHCTEMBI (COOTBETCTBYIOMIAN CTE-
neHb CBOGOB! OKA3ZLIBAETCA «3dMOPOKEHHOM» — K Helt HEHPH-
MEHHM 3aKOH paBHopacnpeaencuus). Temn-pa 7, npu mocTu-
HEHHH K-POii 34KOH DPABHOPACTIPENEICHHA OKA3BIBAETCH HPH-
MEHHMBIM X BpAILAT. HIM KONEGAT. CTCIeHH C¢BOGOMBL,
OnpeaenseTcs KBAHTOROMEXAHMY. COOTHOLIEHHCM T3 hvik,
Ie v—4acToTa xoncGaHui.

Ta 6.1 2.—Tennoémrocts Cp 8 kJk/(Kr -K) HEKOTOPBIX TeXHMUECKHX
MaTepHaoH UPH aTMOChEPHOM 1aB/IeHHH

Haspanne Cp Hajpaune Cr
Tpannt (0 °C) 0,65 Cmoga (20 C) 0.88
Mccoxk (0—100 C) ~0.8 Hspeetnax

(0—100 () 0,92
Acbect (20—98 'C) 0,82 | llcpeso (20 C) ~1.3
Beton {0 C) 0.84 TexeroumT (200 - C) ~1.47

HHTCpBatbl MEKNY BPAIIAT. YPOBHSAMH FHEPIHH [IBYXd TOM-
HOM MOJeKY/Bl (NeN€HHBIE Ha k) COCTABJAIOT BCEro HCCK.
K # tHub A8 TakoH NErkoil MONEKYBL. KaK MOIEKYJIA BOLO-
posa, nocturaroT coThr K. [109TOMy npH 06bIMHBIX TeMH-pax
BPAIIAT. 4acThb T. NBYXaTOMHBIX (2 TaKXe MHOMOATOMHBIX)
ra30B MOJYHHAETCS 34KOHY paBHOpacnpeneneuns. UHTepRanbt
Ke MOKAY KoneGaT. ypOBHAMM JHEPrUM JOCTHIAKOT HECK. Thl-
cav K, ¥ mosTomy npu OBLIMHBIX TEMI-paX 3dKOH paBHOpAC-
npejeneHus HeMpUMERUM k KosiebaT. wacti T. Botuncnenuc T.
10 KBAHTOBOM CTATHCTHKE NIPHROJMT K PE3yJIbTarTy, YTO KOjie-
6ar. T. 6bICTPO yOBIBACT MpPH MOHMKEHHH TEMH-PbI, CTPEMACH
K HyJI0. ITHM 06 bACHASTCH TO OBCTOATEIBCTRO, YTO YKe NPH
0ObIUHBIX TCMN-pax KosebaT. vacTh T. {IPAKTHYECKH OTCYT-
creyeT ¥ T. MONA OBYyXaTOMHOrO raja pasHa SR/2 BMecTo
TRf2.

[pn gocraTodHo HM3KHX TeMm-pax T. Boofluc momKkHA
BBLIMHCIINTBCH € MOMOWbIO KBAHTOBOH cTaTUCTHKH. TIpn 7—-0
T. y6uIBaer B cornacuu ¢ 1. H. npurunom HepHeTa (mpenibus
HAHUAOM MEePMOOUHAMUKY ).

TREPABIX (KPMCTAJUIMY.) TCHAaX TEHIOBOC [BHKEHMC
aTOMOB TpeCTaBIAET co60M Manble kolebanns BOANIM onpe-
JIET. TIONOXEHHH PABHOBECHA (Y3/TOB KPHCTAILIHY, PELLETKH).
Kaxzplii atom obnajaer, T. 0., TpeMsa konebaT. crenensiMu
cBOGOJILI, H, COTNAcHO 3aKOHY PABIOPACNIPENEICHHUS, MONbIAS
T. tépmoro tena (T. kpHcTAUIMY. PEINETKH) NODKHA OBITH
paBHOH 3nR, rae n—4UCI0 aTOMOB B Mo lekyle. B nelcTeu-
TeNBHOCTH, OJIHAKO, 3TO 3HAYETHC— JIHINb TIPEAE, K K-POMY
crpemuTcs T. TBEpAOro Tena WPH BLICOXHX Temn-pax. OH
JIOCTHracTcs yXe NpH OObIMHBIX TEMH-PAX y MH. 3IeMENTOB,
B T.4. y memassos (n=1, T.H. Jwasonza u ITmu saxon)
¥ y NeK~pbIX MpocThix coennnenuit [NaCl, MnS (n=2), PbCl,
(n=3) u np.]; y CMOKHBIX COCITMHEHHH 3TOT TIPENET pakTude-
CKH He JIOCTHTAETCS, T. K. PaHbllle HACTYNaeT n.1a64eHue Bellle-
CTBA MM €0 PABIIOKCHHE.

TIpH MU3KHX TEMM-pax peurél TOUHAA COCTABISIOMAR T. TEp-
NIOro Testa okasbiBactes nponopu. 7 (Jebas 3axon menioéu-
xocmu). KpUTEpHEM, MOIBONIONAM PA3IH4aTh BBLICOKHE

TEMMOEMKOQCTb

77




TEFI.I'IO3AlI.WIT A

78

H HU3KWE TCMI-PhI, SBISETCS CPABHEHME MX ¢ XAPAKTEPHBIM
JUIS KOKIOTO JIAHHOTO DELUCCTRA NAPAMETPOM — T, H. Xapak-
TEPHCTHYECKOR WM Hebad mesnepamypoit 8p. D14 BETHIHHA
OTPC/IENACTCH CMEKTPOM KoJe0anHs 4TOMOB B Teide M TeM
CAMBIM CYLIECTBCHHO 3dBHCHT OT €r0 KPHCTAJLIHY. CTPYKTYPbL
(cM.  Koaebanus  kpucmdgaugeckon  pewiémyu).  OObIMHO
0p— BenHynHa MOPAIKA HeCK. coTen K, HO MOXCT AOCTHIATh
(HAnp.. ¥ 2.1Ma34) H THICSY

Y MCTAJLIOB ONPEACH. BKIa/L B T. AQK0T TRKKC U 2ICKTPOHBI
TPOBOAUMOCTH (CM. DACKINPOHHGT INERAVEMKOCME). DT HUCT
T. moxe1 ObITh BbIMHCNEHA ¢ TOMOILLI DepMH-— [dupaka
CTATHCTHKH, K-DOH NMOMYHHSIOTCS MIEKTPOUEL. InekTpontas [,
vetamla nponoptl. 7. OHa npejicTamisieT cobol, oanako,
CPABHHTEILHO MAIYIO BenMyuny. e skmaa B T. MeTalta
CTAROBHUTCH CYHIECTRCHNBIM JIHNIh TIPH TeMn-pax, ©; H3KHX
Kk abc. vy (nopsiaka Heek. K), korga pemérodnas T. (~ T
CTAIOBUTCA MpelieOpexumMo Manoi. ¥ KPHCTALTHY. Teil ¢ yno-
PAMOYEHHBIM  DACIIONOKCHAEM CHHHOBBIX MUAI'H. MOMEHTOB
4TOMOB {(heppo- M aHTH(HEPPOMATHETHKOB) CYNIECTBYET /10~
MOIHKT. Mari. cocrasistomtas T, Tlpu Temu-pe dazosoro
uepexo/la B napaMaru. cocrosnue (8 Kiopr mouke WM cooT-
BCTCTBEHHO Heeis mouxe) 3Ta cocTap/siomas T. HCTILITbIBAET
peskuit oabéM —uHabaionaetes «nuk» T., 4TO ABIAETCH Xd-
PUKTCPHOR 0cOBCHHOCTHHY (Ba30BBIX [IEPCXOI0B 2-I0 poia.

um. anaay JL Jtudmun E. M., CratieTnyeckus gpuimka,
3 e,y 1, M., 1976; l'dﬁnum’l (bmnquckux BeiHanB. CupaBoqsuK,
nou pea. M. K. Kukonia, M E. M. fupuany.
TE]'lJ'lO}Allll’l'l‘AfcpcﬂcTBo I 0BECHCYCHHA HOPMEUSILHO-
[0 TEMMEPATYPHOI'O PEKMMi B YCTAHOBKAX M AlMAPATAX, pa-
GOTAINMX B YCIIOBASX NOABOJIA K MOBEPXHOCTH 3TAUHT. TCH-
Z10BBIX IOTOKOB (g3 10 Br/cM?), Koraa HpuMeHeHHe TpocToit
TEMIOH30S UMK CTANOBATCSA HEBOBMOMKHbIM.

Mevoan T. I. KoupekTHBHOE OXITaKk/ielNne — NOJIX0/sIMe
K TOHKOH MCTAILTHY. OGMIMBKC TCILIOBBIE [TOTOKM OTBOMIATCS
B OXJIAXIAMOTILYIO KHIKOCTh WITH T3, K-pble HPOTEKUIOT € JIPY-
10§t CTOPOHBI ODIIHBKH,

2. 3arpagMT. OXJaX/EHHC —4Yepe3 OTBEPCTHE WK I[LETh
H(’U‘ll‘l'ﬂ" ()X_ﬂll)’(,’luc\d(}ﬁ TIOBCPXIOCTH B uanpumlel-mu 1NOTOKA
MOJAETCA CTPYA XONOAHOTO Taza. 3arpafut. HpdekT crpyu
YMCUBLINAETCH 110 Mepe et TICPEMCHINBAHUS € [OPSYUM TA30M.
[F1EHOMHOE OXJTLK/ICHHE ~— dHATIOTHYHO 3aIPA/IHTCIbHO-
My, ¢ TOH pasHMUeH, 4TO Yepe3 Weslb HITM OTBEPCTHE MOJAETCA
KUGKHH OXAAAMTC B, 0OPasyrOMHR Ha OX;taX(aeMOH NOBCPX-
HOCTH 3ALUNTHYIO TUIEHKY. 3alMTHBIA HpeKT yMCHBbILACTCS
1O MCPE UCHAPEHHA NUIEHKY K ¢ pa3bpbi3l HAAHKS.

4. TlopHCTOC  OXJTas/IeHIC — XK IKulH - WK T23000pasublif
OXJAIHTEIL TOTAETCH HEPC3 TTOPHCTYIO HiIHM NepOpPHPOBAHNYIO
MOBEPXHOCTL AMAPATA. I'lpu OXTAKTEHUH KH/IKOCTBR) PACXOIL
€ NOIGUPACTCA T. O., YTODhI KHMAKOCTH HCTIAPAITACH BHYTPH 11OD.

3. 1. ¢ nOMOIUBIO TEI0NOLAOULLONIEH 0D0.104KH ~—110,1-
XOAIEE K TOBESPXIOCTH TR0 MOTIOMWACTCA 3a culr TeIlio-
EMKOUTH I0CTATOYHO TONCTOR ODOJIOYKH HPU NOBRICHHA
TCMIT-pbE DOCIC, [HCH. BOJIBHION ek T QOCTHraeTCs mpH J10-
LOHHT. UCMOJNIL3OBAHKH TCILUIOTHI TUTABACHUSA M HATPCBAHHSA
KUIAKOH (asbi MATCPHATA, @ TUKKC TEIUIOTHI XHM. Palloxe-
HHS. QUEAKO B OTHX CITY4asx HEOBX0, MO JAKNIOHUTH TENo-
OO0 THTCHE B 5 KYHO MeTaLTHY. 060.704KY.

OrBoa Temta pagrauueit —npodiema T. pewnaercs mo-
CPLACTROM COTAUHUSA MATCPHA I, BLLACPAHBAFOICT O BBICOKYH)
TeMI-py. 1IpH K-poil BCE i10,1BOAHMOC TCNO MOXKET HITyHa Ihb-
¢S B NPOCTPAHCTBO; TPH 9TOM, cordacno Cnediaia— Bo.tby-
M SUROIE U3 U, WSIIYUAEMBIiA HOBEPXHOCTHIO TCIIIO-
BOW OTOK ¢, =600 T4, T/1e &-— CYMMAPHAS HCTIYCKAT. CTIO-
COBHOCTb  BHENL. TNOKPBITHA. Og—nocTosdmans  Credana.
a I —ubc, Temir-pa nosepxBocTH. CHOKNOCTD IPAK THY. lipu-
MEHCHUS AHHOTO MCTOAA T. CRATAHA ¢ TEM, H4T0 TIPH BBICOKOH
TEMII-pe  MCTATbl, H3 K-DhIX W3FOTOHISETCS HIIYHARONIas
000JI0UKL, OKHCTHKOTCH KHCIIOPOOM Bo3ayXa, st 6opbOhl
C OKHCICHMEM BHEWH. Mobepxnocth 2 (puc. I) mokpeisactes
TOHKHM C.10€M NOKPBITHS /. YCTOMYHBOTO K OKHCIICHHIO. Mex-
Y HATYHARONIEH NOBEPXHOCTLIO H HACTHMU KOUCTPYKIIHH 4 110-
MewaeTes A8IKas M30JIAHS 3. DTOT CNocod MOXeT TpHMe-
HATBCA JIULIL s 1. BHCHE TOBEPXHOCTEN ANMAPaTOB.

I'. ¢ moMonp:ro pa3spymatommuxes (YHOCHMbIX) HOKPLITHI
OCYILCCTBIACTCA 34 CYET HOTIONICHHA DOIBIIOrO KO1-Bd TElIa

TR

B IIPOHECCE YHOCH MACChl ITHX TIOKPBI-
THi. TlornoyaeMoe Ten1o Haét Ha
HAI'DED MATEPHANA, 4 TUKKE Ha pasyl.
(ha30BbiE U XHM. MPEBPAILEHMA.

[px npumcHennu MctoaoB 4 u 7,
4 TakkKe HACTHIHO MeT010B 2 H 3 BO3-
HHMKA€T ACMOMHUT. 3arpaanT. yddext
B PE3YILTATE BAYBA ras’oo0pa3’Horo
OXJI4;THTCIS B TIOTPAHMHTIBLIN  CiTOH,
YTO TPHROAMT K CHHKEHHIO NOJXOASIIEr0 X TNOBEPXHOCTH
TENOBOIO NOTOKa. [1pH He CIHWIKOM OONLHIMX PACXOMAX
143000pa3nor0 oxjlauTenst G, CHHKENHE TCTITOBOro NOTOKA
g=qo—PBoo—1.}G,, T4C go— TCIIOBON NOTOK K MCTPOHH-
I4EMOH  TOBCDXHOCTH, /40— JNTANBIHA  TOPMOXEHHS,
A J,—IHTRIBUAS HHCOL (434 1pn reMu-pe credki. Koad.
BayBa B=a(M, M,)" rac M, u M, —moickyaspuble Beca
BHCIH. H BAYBACMOUO ra3os. IPHIdM ko, ¢ 4 b 3aBUCHT OT
FCOMCIPHI TCIL H PCAMMA TCUCHHSA B UOIPDAHWYHOM CI1O¢
(TaMUHAPHBLIH W TYpOyNCHTHBIH).

Mcroi T, ¢ HOMOILIO PA3PYIIAIONUXCA TTOKPhITHA — [fac-
CHBHBL H 5103 10MY 0812;(0CT 1IOHBILIL Ha,1EKHOCTBIO MO ¢PaB-
MCHHIO ¢ AKTHBUBLIMH MCTOZamu T., nas K-peix TpebyroTes
CIICIL CHCTCMBI HO1d9H OXNIAIHTEIS O 31410 IPOrpamMMme.
DPCKTHBHOCT b PABPYLINIOINHXCS TCTIO3A W THBIX NOKPBITHH
namepsierest I.oH, Wb, draskuned [, =qo/G (rae G —macea,
YHOCHMAA ¢ CAMHUILI OBCPXHOCTH B C/IHHMILY BPEMCHH), Xa-
PAKTEPU3YIOIIEE KOJI-BO TEILId, HCOBXO,MMOE JLIH YHOCA €/TH-
HHIlbl MACChl MATCPHLITA.

Paspymiaromimecs TEMNOBAIIKTHBIC TTOKPBITHS TOnpa3aes-
HOTCA HA KIJACChl B COOTACTCTBHH C MCXAHH3MOM PA3pPYIUCHHA,
A Tlaapsmuecs NOKPLTHA— PAIPYNIAIOTCS B Pe3yJib-
TUTC TCPCXO/LL MATCPHIIA H3 TREPHOIO COCTONHUS B KHIKOE.
O06pa3yIonascs Ha HOBCPXHOCTH MaA'TCPHaiIa 1;1EHKA pacTIaBa
MOXKCT YACTHUHO HAM TIOIHOCTBIO NICPEXONTD B ra3008 pasnoe
cocTosune. KpucTaiima, MaTepHain (ianp.. MCTAILih) xa-
PaKTEPUIYHITCS HAMIYHEM (PUKCHPOBAHHONW TCMII-pbI TLTABIIC-
HUSL M CPABIMTCIBHO MAIOH BS3KOCTBIO pacmiapa. XKuaxas
NCHKL HA [OBCPXHOCTH YTHX MATCPUAIOB UMCET HEIHAMHT.
TOIMMOY H TOMTH HE IICPCTPCBACTCH, M3-3d UErO PACILIAB
HPAKTHYCCKH HC UCHApscTes. AMopdHeic (crekioobpasbble)
MATCPHATIBI [IPH HAI PCBAHHH ITOCTCIICHHO 1ICPEXOAAT U3 TBEP-
JOTO COCTOSNNS A KHAKOE B CHNIH ¢ TCM, UTO HX BA3KOCTh
NPC/ICTARAACT  COBOH  IKCITOHCHIMATBHYIO  B-IIHIO  TCMII-pbl
p=exp(C,/T+Cy), tic €, u C,—unoctosnusic. Xuakas
TICHKA Ha HX TOBCPXHOCTH 061a/acT DONBIIOH BAZKOCTBIO,
B.Ar 0P 4eMY 101 HCTIAPCHUS W/ B HCK-PBIX CTyHdAX MOXCT
NPHOIMKATHCS K CTHHMIE. [,y NTABAIMXCHA MOKPBITHI paBHa:
La=c(T=To +r54 [-Blloo—1.)]. vae ¢—ya. Tennoém-
KOCTDH MUTCPUARA, # W [~—COOTBCTCTBEHIO CKPbIThIE TEMIOTh
ICTAHICHAS ¥ UCTUAPCHMS (T8 amophHBLIX MaTepHa10s r=0),
To—reMi-pa neupot peroro Marepuama. 6) Cy6iluMupy-
1OHE HOK PBITHA— Pa3pYILIOTCA B Pe3y.1bTaTe (ha30BOTO
TEPEX01a W3 TBEPIOro COCTOANUS HEMOCPEICTBEHHO B ra3000-
pazHOC —CyOaMMALMH. [, TaKUX  TOKPHITHH  paBHa:
Le=c(T,~To)4+ 1+ B (Foo—-1,).  TeMm-pa  NOBCPXHOCTH
T, 3IPaHCC HE M3IHECTHA M OTIPCICIACTCS U3 COBMCCTHOrO
PCIICHUS Yp-Hisl OUNAHCA JHCPTHH HA TIOBEPXHOCTH H yp-HHA
Knyacena -— JIcHrMiopa a1 ckopocTit cySaumanny. B) Pa
JATARMUCCS HOKP LT HA—DPAIPYIIAIOTCS B Pe3yTbTATe
XHM. PCAKITHH TCPMHY. PA3I0RCHHA. [T HHX /4 pacCyuTIBA-
CTes 0o TOR ke d-1e. 9TO U 118 CYOIHMHPYIOIHNX MOKPBITHI,
€ JIMCHOH CKPBITOH ICIUIO T b HCHAPCHHA Ha TCIIOBOH S(hdexT
AR parIoKCHUS. IS ONPCICICHHSA  TCMIT-pbl TTOBEPX-
NOCTH COBMECTHO PACCMUTPUBAIOTCS YP-HHC BuTaHCa JHEPrHK
M KUHCTUU. YP-HHC PedKUWH 1epMua. pasiiokedus. Tlpumep
PATIITARONIMXCA  TIOKPBITHH -— TEPMOINITACTR:  PTOpoHITaCT,
TOTHMEHAMETUKPUIAT. MOJUITUIICH H ap. r ) Tennosza-
MHTHBIC TOKPLITHA PAIPYUIAIOIHECH B PCIYIbTATC XHM.
BIAMMOICHCTBHS ¢ BHCUL TOTOKOM. YHOC MACCHI ITHX TTOKpBI-
Uit NPONCXONT T 0O, 34 CHET TCTCPOICHITLIX XHM. PEeaKIHi
MCHCTY MATCPHATIOM NOKPBITHS W HHGCI";IK)H‘M.\J LOTOKOM 1a3a,
B PCIYILTATC K-PBIX OOPATYIOTCH Tu3000DA3HBIC COSANHCTIHS.
JL1s pacudta CKOpOCTH PA3PYNICHAS TOKPLITHH JUHHOIO Kaac-
¢l OOLIMIIO 1HO.T1Y10TCS 1. 11 Ge3PUIMEPHOIT CKOPOCTLIO YHOCA
wMacebl G =G {1go—1.)i¢o. K-pas OTPCACIACTCA MPOTEKAIOLIH-

Puc. 1.




MH XHM. peakunsimMy H 1466 HIMEHNETCR B UIAPOKOM AHANA-
30HC BHEHTHHX )’CJIOBHE.

Bonbinuuctso TPHMEHASMBIX HA MPAKTHKE TEMIO3ALUMTIBIX
MOKPBITHH# — N0BOJILHO CJIOXHbBIE KOMIIO3HIHH. B npouecce
YHOCA Macchl TAKHX HOKPBITHH NMPOTEKAIOT pa3it. (Gus.-xuM.
NPeBPAILCHHA K4K BHYTPH MATEpHasa, TAK M HA €ro MOBepX-
HOCTH H B r83006p33HOM TIOTPAHHYHOM CJIO€. O}'IHEII(O, Kak
NpaBHNo, K.-JI. npouece-— onpeaenstomui. Hanp., B ciyuyae
NOKPHITHS M3 CTEKJIOHTACTHKA, COCTOAILErO M3 CTEKISHHBIX
BOJIOKOH M ODTaHHY. CBA3KH (pHC. 2), MO Mepe NpOorpesa riy-
OMHHBIX ci108B MaTepuara | npu
NCK-POi TEMII-pe HAYHHACTCA Tep-
MHY. PUBTOKCHHAEC OPraHHY. CBA3KH
(kokcoBanuc). KokcoBanue npote-
K4eT B ODJACTH 2 M HOJHOCTBIO
3aKAHYHBACTCA 10 Havala INJaB-
JIEHHs CTEKNOBOOKNa. O6pasyio-
1UIHECH MPH KOKCOBAHHHM ra3bl Bbl-
PHIBAIOTCS HapyXYy, 4 TBEpIbIH
OCTATOK — KOKC — BMECTC CO €TeK-
JIOBOJIOKHOM DACIIOJIATACTCH HCIO-
CPCACTBEHHO MOJ TIOBEPXHOCTBIO
B cioe 3. Ha TIOBCPXHOCTH TNMOKPHITHSA CTEKJIOBOJIOKHO IJTABHT-
¢l W 06pasyCeT XUAKYIO ILIEHKY 4. B K-DOH COACPKATCA TBEP-
bIC YACTHIBI KOKCA. l'[apu CTEKJIa BMECTC C raaoo6pa3numu
NMPOAYKTAMH DA3TOKEHHSA OPraHHY. CBA3KH W INPOAYKTAMH
OKHCTICHHA YaCTHYEK KOKCA TOCTYJAKT B |a3006pa3Huﬁ no-
rpaHdHbit cnofl 5. JIns CTEKAOIUTACTHKA ONPENCISIOIMM
SBNAETCA MPOLECC IUIABNEHHA H MCTIAPEHHS HANOJIHMTEIR M3
CTeKNa, MOITOMY JAHHbIH MATEPHATT MOXCT ObhiTh OTHeCEH
K KJACCy ILIABAUTHXCS TIOKPBITHH.

Buibop koHkperHoro cmocoba T. MPOH3IBOMHTCA ¢ YY4ETOM
ocobeHHOCTeH PabOThl YCTAHOBKH HITH aHnapata. B xauectse
NpHMEPA HA PHC. 3 HPHBEACHA CPABHHT. BECOBAS XaPAKTCPHC-
THKA pas.1. MCTO}JOBT HCKYCCTB, CLLYTHHKA 3CM1}{ BXoOsuero
B aTMochepy Mo GaTHcTHY. TpaekTopuu. Ilo ocu opnuHat
OTJIOXeH no.iHbik Bec T. P,
a no ocu abeumec — Gaanuc-
ko3, o=m/CpS, rae
1 m-—mMacca  CryTHHka, Cp—
[} ero  kodxp. CONPOTHBIICHHSA,
4 §—miomads MonepetHoro
5 ceyennst. Kpupas ] xapakrepu-

3 3yeT MOPHCTOE  OXJIAXKICHHE,

c kpupas 2—T. ¢ nomompio

¢ 250 500 750 1000 MIABATIErOCA HOKPBITHA, U
g, ki/m?

Pxc. 2.

P, xr/u?
15 THY.

IRY

k-poro Y =025, a kpuBas 3 —
¢ noMouwpbl  CyGIHMHpY-
HO1ero NokpbuITHA.

H. A. Angumos.
TEMIOOBMEH — caMonpon3Bo isHbil HeOGPATHMBIH 1po-
L[ecC HEPEHOCA TEMJIOThI, OGyCJlOBJ’leHHblH TPAAHEHTOM TEMII-
PHL. B ofileM criyuae NMepeHOC TEMIOTH MOXET TAKKE BbI3bi-
BATLCA HEOJHOPONHOCTbIO HOJCH Ap. GH3. BCAMUHN, Hamp.
TPAIHEHTOM KOHUEHTpawuit (em. Jwodiypa s¢gexm). Pazauua-
0T CNea. BHALI T.. mL’"JD"pUdO()HU('mb, KONGeKyus, /l)'ll‘l("llblﬁ
mensoo6men, T. ipu $azoBbix MpeBpaiueHUsx; na npakrake T.
9aCTO OCYILECTBIAETCH HCCK. BHaaMmW cpasy. T. onpeiensieT
HITH CONPOBOXAET MH. MPOLECCHl B MPHPO/IC (HaMp., 380110~
LHHEO 3Bé3ﬂ H NaHeT, METEOPOIQTHY. npOHCCCbl Ha nopepx-
HoCTH 3eMJIH H T. 1), B TeXHHKE H ObiTy. Bo Mu. ciyuasx,
Hanp. NpH HCCJICIOBAHWK MPOUECCOB CYIIKH, HCTIAPHT. OXJd-
waenus, nuddysun, T. paccMaTPHBALTCH COBMECTIIO € Macco-
ofmenom. T. Mekdy ABYMS TCTUIOHOCHTEISMH (Fa3aMH, KHl-
KOCTAMH) 4epe3 pa3AesIAIOy O WX TBEP/YIO CTEHKY HIH 4Yepe3
TIOBEPXHOCTb PAa3eNa Mexay HHMH Ha3. mienionepedaveil.
TETIQOOTAAYA — 1ennoobMeH MEXIy MOBEPXHOCTBIO TBEP-
JOTO Tena M compukacaioleics ¢ Hel cpefo# — TenNoHocH-
TeneM (KHAKOETHIO, Ta3oM). T. ocyiliccTBNATCH KoHeektuei,
men/wnposoo”m'mb)o. APUUCHTBIM menaoobmenom. Paznuuaior
T. 0pit cPOOOIHOM H BBIHYKACHHOM ABHKCHHH TCIIOHOCH-
TENA, 8 TAKXKE MPH HIMEHEHHH €ro arperaTnoro COCTOSHHA.
HnrencusrHocTs T. xapaktcpusyercs kodxd. T.—kon-pom Ten-
JOThI, nepeﬂaHHHM B COWHHUY BPEMCHH 4€pe3 €IHHHLIY Mno-
BEPXHOCTH NMPH PA3HOCTH TEMI-P MEX /1y NIOBEPXHOETLIO H Cpe-

roR-tennonockrenem B ) K. T. MOXHD pacCMATPHBAThL Kak
uacTs Bosee obuiero nponecca men.onepedavu.

TEIAOIMEPEJAYA — ten1oobmen Mexy JByMA TCIUIOHO-
CHTEJIAMH HEPE3 PA3JIEIIAIOILYFO HX TBEPAYIO CTEHKY HIIH YEpe3
NMOBEPXHOCTh pPasaefla Mex/ay numH. T. Briatouaer B cebs
TenjaooTaayy OT Honee l'Opﬂ‘lEﬁ KHAKOCTH HMIIH 1a3a K Ciren-
K€, TeMJIQNPOBOJHOCTh B CTEHKE, TEIUIOOTAa4y OT CTEHKH K Bo-
Jlee XOJOAHOH XHAKOH M rasoobpa3sHoit cpene. Murencus-
HOCTB nepcrauM Temnorsl upu T, xapukTepuiyeTcs kKod (-
GHUHMEHTOM TENNONEPENaY Ak, YHCIEHHO PABHBIM KOJI-
BY TEIUIOTH, K-DO€ MEPEAAETCA 4epPC3 CAMHHLY IOLAAN T10-
BEPXHOCTH CTCHKH B €/IHHHUY BPEMEHH IPH PDA3HOCTH TCMH-p
mexay tennouocuteasmu B 1 K. Bemwanya R=1/4 nas. noi-
HBIM TepMH4. conpoTuBncurem T. Hanp., ans omHocnoiHo#
CTEHKH

6 I
Ty oy

rae oy M 0y —ko0dh. TEMIOOT/IAYH OT ropsuedl >KHIKOCTH
K MOBEPXMNOCTH CTEHKH H OT NOBEPXHOCTH CTEHKH K XOJ'IOJJHOﬁ
KHAKOCTH, 8-—TOINHHA CTCHKH. A—ko03]. Teruonposoa-
HOCTH. B GOJILMUHCTBE BCTPCHAIOTIHXCA HA TIPAKTHKC ClyydeB
k onpecISeTCA ONBITHBIM MyTEM TIO PasHOCTH Temn-p AT
H mendoeoay nomoxy 8 4epes »1eMEHT NOBEPXHOCTH pa3ncia
dS:k=80/(ATIS).

Jum.: Muxees M. A, Muxeepa M. M., OcHoBuTeunouepeudqn.
2 m3a., M., 1977; ulopuHC H.. Tennonepenana, 2 mn.. M.. 1964

H. H. Pozencays.

TEMJAOIMPOBOJHOCTH YPABHEHUFE — yp-nue, onuck-
BAIOMNIEE TPOIECC PACIPOCTPAHCHHA TEMJIOTH! B CINONIHOH
cpeae (rase, XHAKOCTH HNH TBEPAOM TeNE); OCH. yP-HHE
MATEM. TEOPHH menaonpogodnocmu. T. y. BbIpakaeT TCIUIOBOR
GaTaHC JUTS Madoro ICMEnTa o0BEMA Cpeabl C YY8TOM
NOCTYINJAEHHA TCHAOTHI OT HCTOYHHKOB M TCILIORbIX ITOTEPHL
4Yepc3 NMOBEPXHOCTb IEMEHTAPHOIO OG'héM‘d BCJICACTBHE TeEN-
TIONPOBOJHOCTH. JI71 K30TPONHOK HeomHoponHol cpenbt T. y.

HMECT BHJT
oT\ o, ar\, ¢, éT
a et o
< ﬂv)+ ,<x 0},)+h<x 6:>+F.

rA€ P—IUOTHOCTE CPCMbI, ¢y — TEMIOEMKOCTh CPCAbI [PH
HOCT. obbéMe ¥, f—BpeMsf; x, p, Z-—KOOpAMHaTH; T=
=T(x, p, z)—TeMn-pa, K-pafl BHIYHCIAETCHA MPH [OMOUIH
T. y; A—ko03¢. TerionpoBoasoct; F=F (x, y, z)—3ajaH-
Haf TUIOTHOCTH TCIUIOBBIX HCTOYHHKOB. BeﬂH‘lHHbI P, Cyvy A 3a-
BHCAT OT KOOPIHHAT H, BOOOILE roBops, oT

B cnyyae usorTponuoii oaHoponHoi cpeb T. y. mpunuMaet
BHJ

i
Fr (peyT)=

or_ :
= AT+,

rae A—onepatop Jlamnaca; a?=XA/pcy —xo3. Temnepary-
PONPOBONHOCTH f = F/pc . B cTalMOHAPHOM COCTOAHHM, KOI/1a
T Hc MeHsercs co Bpemenem, T.y. mepexoaut B [Iyaccewa
ypasienue: AT= =F, , 4 B OTCYTCTBHE HCTOYHHKOBR TEILIO~
Thl—B Jlanaaca ypasnenue AT=0. [Iponecchl duggysuu Tak-
K€ OMHCHLIBAIOTCA yP-HHAMH THIAa T, y.

Jum.: Tuxonos A. H., CaMdpLKHH A. A, YpavieHus maTeMa-
THYECKOH (HIMKH, 5 3., M Kapcnoy r Erep A.. Tenno-
HPOBOAHOCTL TBEPIBIX Tell, uep ¢ auri., M., 1964; Branumupos
B. C., Ypasnenus Ma-rema'mqecxoﬁ q»nm\'m Swma. M., 1988,

A. H. 3vbapes.
TENJIOMPOBOAHOCTb —0/4H 3 BHIOB NepeHOC Tem-
NOTBI OT GOJiee HATPETHIX 4aCTeH TCMA K MEHee HarpeThiM,
MPHBOINALIMA K BHLIDaBHHBATIHIO TCMH-Dbl. IIpn T. nepeHoc
IHCPTHH OCYLIECTBNSETCH B PE3YIbTATE HEMOCPEACTS. NEPeIa-
4§ IHEPrHM OT HYACTHIl (MONEKYJI, ATOMOB, 3NEKTPOHOB), 06-
nafaroux Gonpiuei Heprue, YACTHIAM C MeHbLIEH HCPIH-
e, Ecln 0THOCHT. H3MCHeHHe TeMM-pbi T Ha PACCTOANHH Cp.
QAunbt c40600H0z0 npoleza HACTHL [ MANO, TO BHLIMOIHAETCS
ocH. 3akoH T. (3akoH ®Dypkc): TNOTHOCTL TCMAOBOrO MOTOKA
¢ MPOTIOPLL. TPAJHEHTY TEMH-PbL:

g=—hgrad T. [¢3]

TENNOMNPOBOAHOCTL
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viae A—xo3dp. T., nan npocro T., He sapucuT OT grad 7T
(X 34BUCHT OT ArPEraTHONO COCTOSHHUA BEILICCTBA, CI'0 ATOMHO-
MOJICKY/ISPHOFO  CTPOCHHA, TCMI-PbI, IABICHHA, COCTaBY
HT. A).

OTKJIoHEHHA OT 3aK0Hd Dypbe MOrYT MOSBHTLCH MPH OHCHL
6ostbimux 3navcHusax grad T (HAmp., B CHIIbHBIX yOUpHALX 8O-
HaxX), TIPH HH3KUX merepamypax (ans xuaxoro He 1) u npu
Temn-pax ~ 10*—10* K, Korna B ra3ax Jepenoc MHEPruu ocy-
JLECTRAAETCH HC TORKO B PC3y/iBTATE MOXATOMHBIX CTOIKHOBE-
HHH, HO B OCH. 34 ¢4€T M3aydenud (1yuuctas T.). B paspexen-
HBIX [d3aX, KOIj|d [ CPABHHMO C PACCTORHHEM L MeKy CTCHKa-
MM, Of PAHHYHBAIOMHMH 00BEM Ia3d, MOJICKYJIbl Hdile CTall-
KHBAKOTCA CO CTEHKAMM, YeM Mexay coboii. [1pu 3ToM Hupyira-
CTCA YCI0BHE HPUMEHHMOCTH 3akoHd PYpbe M caMO TOHSTHC
JIOKANBHOR TCMH-pBI Ta3d TEPAET cMBIC/. B 3ToM cryude pac-
CMATPUBAKOT He Hpoilece T. B rase, a Temnoobmed MexX1y
TCIAMM, HAXOIALUMMAUCS B Ta30BOH cpexte. Mpoitece T. B cruzom-
HOM ¢pe/ie OIHCHIBACTCH MenAoN] P VAR M.

JIns udcaaeinoco 2asd, COCTOSINCIO 3 TBEPABIX ChepH.
MOJIEKY.l JIHAMETPOM d. COTTIACHO KuMemuueckod meopuu 2a-
308, CIIPABC/UIHRO €1e/l. BhIpakeHue A A (HpH d<</<< )

A=-peybl, 2)

W

TAC p—ILIOTHOCTS rasg, ¢y — TEMIOEMKOLTh CAHHHILBI MACChI
ra3d npu noct. ofwséme ¥, 6—cp. CKOPOCTD JABHKCHHS MOJIC-
kyat. [ockoasky / nponoput. 1/p, a p~p (p— AuBAEHHC rasa),
T0 T. TAKOTO ra3d HC 3aBHCHT OT P

Kpome Toro, xo)(b(buuuemm T. A H @a3K0cmu N CBA3ANDI
COOTHOILCHUCM A= (%/,)NCy. B clyuac rasa, cocrioswicro M3
MHOTOATOMHBLIX MOJICKYJI, Lyl.U,CLTBCHHBlIrI BKJA1 B A BHOCSAT

BHYTp. CTCHClH CBODOMBI MOJCKYJl, YTO YWMTBIBACT COOT-
HOUICHHC

r=ncy[(9y—5)/4]).
TilE ¥ = C /¢y, € = Y1 TEILIOEMKOCTH HPH HOCT. p. B pealibHbIX

razax T.— 10BOJbHO c;10XHAA d-1us T H p, npHuéM ¢ pocTom
T W p 3HauCHHe A Bo3pacTaeT. [Ijis ra3zosbix cMecefl A MOKET
6LITh Kdk 6OIBIIC, TAK H MEHbIIIE A KOMHOHCHTOB CMCCH, T. C.
T.-—HenmneitHas d-ua cocrasa.

B nioTHBIX rdasax 1 KHAKOCTAX CP. PACCTOSHHME MUK
MO,ICKYTAIMH CDABHMMO € PA3MEPAMH CAMHX MOJIEKY., 4 KHHE-
THY, DIFEPrHA NBHKEHHA MOJIEKYJI TOTO K€ HOPAAKA, 410 H IO~
TCHIL MHEPIHS MEHCMOACKYALPIO20 g3aumodeicmens. B coasn
C 7THM NEpPCHOC SHCPI'HH CTOIKHOBCHHAMH HPOHCXO/IUT 3HAUH-
TeNbIIO MHTCHCHBHEE, YEM B PA3POKCHHBIX ra3aX H CKOPOCTh
nepenasd JHEPTHM MOJIEKYJ] OT COPAMHX H30TEpMHY. Cnogn
KHUKOETH K BO-1ee XONO0HBIM OJIH3KA K CKOPOCTH paclpocTpi-
HCHUS MaJIbiX BO3MYIIEHHH p, PaBHOHM CKOPOUTH 13BYKQX, T. C.
A=peyud, TUE u,~—CKOPOCTB 3BYykd B XKHAKOCTH. L—cp.
DUECTOAHMC MEXAY MOIEKYIaMH. Ta ¢-sla jyulite BLCTO Bbi-
LOJHAETCS JUIA  OJIHOATOMHBIX XH/KOCTCH. Kak mpaBuio,
A xujKocten yobiBaet e pocToM 7 M e1460 BO3PACT4CT € po-
CTOM p. B OKDECTHOCTAX KPHTHY. TOHUCK KHJIKOCTCH nepeHoc
TCILIOTHL  OMPE/ICASACTCA KOONEPATHBHbIMK dbhekTaMH (CcM.
Kpumuuecxue sgaemua) w T. ¢ IPUCIHKEHHCM K KPHTHY. TOY-
KaM pacxofuTes kak | T— Ty | 7% rae ¢ ~0.6.

T. THépablx Teit UMeeT PA3N. HPHPOAY B 3dBUCHMOCTH OT
THIA TBEP/OIO Tema. B AM3NEKTPHKAX, HE HMEHOHX CBOBO-
HBIX DJICKTPHY. 3APHIOB, NEPEHOC JHEPrHHM TCITOROTO JIBHXKC-
HHUA OCYWECTBASETCA (PoHOHaMuU. Y TBEPIBIX JUDJIEKTPHKOB
A= D, TAC ¢~ TEMIOCMKOCTD JIMINEKTPHKA, COBMALAIOIIAsN
C TCUJIOEMKOCTBIO Ta3a OHOHEN, U —-CP. CKOPOETh (POHOHOB,
HPHUOIW3IHTEILHO PUBHAS CKOPOETH 3BYKA, /—Cp. AJIMHA CBO-
6oanoro npobera goHoron. CyllleeTBOBAHAC ONPEIEIEHHOIO
KOHCUHOUO 3HAYEHHA [-—CIIC/ICTBHE PACCEAHHA (HOHOHOD 1a
oHOMaX (T. H. nepebpocd Apolecest © HOPMATTLHOE PACCCHHHE).
Ha JeheKTax KPHCTIILTHY. PELIETKH (B YACTHOCTH, HA [PAHHMITAX
KPUCTANLIHTOB U obGpasia). TeMHEepaTypHad 14BHCHMOCTh
A ONIPE/IEIACTCS 3dBUCHMOETBIO OT TCMII-Phi ¢ U F.

T. METATIOB ONPEACTAETCS ABUKEHHEM H B3aWMOICHCTBH-
€M HOCHTEACH TOKa — 3NIEKTPOHOB NPOBOMMOCTH. B obmiem
CITYTAC JUIS METAIIA R =R+ X pes TIE Apery M A —pcméu)w
Hias QOHOHHARA H HICKTPOHHAS COCTABNAIOILHE, TIPHYEM NpH

OOBIMHBIX TCMI-PaX, KaK TPABUIO, A, Ape,,. B npouecce T.
KKBIE DACKTPOH  OCPEHOCHT dnepruio kT, 6iaromaps
HEMY OTHONICBHME A, K OJTEKTPUY. NPOBOIAHMOCTH O B IUH-
POKOM HHTCPBAIC TeMi-p nponopi. T (Budemana— Ppanya
3UKONY:

rio= 3

2ACKTpoHa, B ¢BAIM ¢ TeM. 4TO y GONBIUHHCTBA
MCTULIOR Agey <A, B ¥p- nHH (3) MOXHO ¢ XOpolueid TodHo-
CThIK 3AMCTIb h, Hil OOHAPYKCHHBIC OTKIOHEHHA OT
pubcrersa (3) nauLtn cBoé OOBACHCHHME B HEYLUPYrOCTH CTON-
KHOBCHHIT 2ICKTPOHOR, Y nodymeraiios Bi u Sb A, cpasun-
Mil € A, 910 CBA3IHO ¢ MATOCTBIO YUCIId CBODOIHBIX FIEKTPO-
HOB I 1IHX.

SIBACHHE MICPCHOCH TEILTOTh! B TIOJYIPOBOJHHKAX CAOXHEE,
HCM B IOCICKTPHKAX M META1N4X, T, K. /U8 HUX CYIECTBEHHEBL
H A M A, 4 TAKAC B CBA3M CO 3HAYHT. BIMAHHEM Ha
A upuwucu, HpoueccoB GuHONsipHOR AHbOY3UK, nepenoca
IKCHTOHOL 1 /AP, (PKTOPOB.

Bausnue p Ha 7 TREPABIX TeA ¢ XOPOIICH TOYHOCTBIO BbIpa-
KACTCS JMNCHHOMN 3UUCHMOCTBIO A OT p. PHUEM y MH. METail-

£AC ¢ ——uap

JI0B M MILECPASION A p.lc‘lcl pocToM p.

Jum.: Tupwdeanaep ., Kep tuce Y., Bepa P., Moneky-
AAPBAA ieopua rason n mmmueu nep. ¢ avrm, M., 1961; 3enp-
Aonnda S b Paiinep 10. I, dusuka YAUPHBEX BOJIH M BBICOKOTEM-
NEPATYPUBIN LIPOUtINMHBUCCKHX sasieRmil, 2 w1, M., 1966; Awmk-
potgptT H, Mepmun H. duslika Teepaoro Teaa, mep. ¢ 4HOL. T.
1—2, M., 1979 bepaan P, Ten1oupoBoIROCTE TBEPALIX TEN, HEp.
caniin, M., 1979,

) C. 1. Muavstwenxo.
TEILTOMPOBOAINOCTD TIIAZMBI —nepcHoc  TeMIoTH
(IHCPUHM), CRH3AHHBIA C XJOTHY. JIBUXKEHHEM HACTHIL H HPHBO-
AANLHI K HLIPABHHBAHMIO MICAMCPAMyp KOMAOuenm nidims
{cy. Takxke flepenoca npoyecesr). Bosbliiasi pasHUna MCX1y
MACCAMU NIEKTPOHOB 11, i MOHOB ni; (ICHTPAJIOB) HPHBOIHT
K MEANEHHON DLiIAKCalin MUCPTHH Mexy HUMH. TlodTomy
PavACIOT TCMI-Phi )ICKTPOHOB T, H TEXC/BIX wacTHl 7).

B orcyrcrnue Matn. noss H MM 8,106 HCTO (TIPH HATTHYHH)
KOUpduIen 1b1 T, 1. OUCHMBAKTCH W3 TA3OKHHETHY. TEOPHH:

O}

FAC ¢;— Tena0EMKOCTL COOTBETCTBYIONICH KOMITOHCHTHI IL1a3-
MLl V==~ aCTOT CTOJIKHODENHH, A ;j—— I1MHA caoboanoro
npodera. Tlpu X T; OTHOWICHHE X /%~ P1jm,, T.e
B [1OTHOC 1 bH) HORU3OBARHON Hia3Me B OTCYTCTRHE MarH. Mo
T. 0. 06yCA0B:IEHA B OCH. J.{¢KT POHHONW KOMHOHCHTOM.

Hanoxe e Mali. NOIA, CICPAURATOIETQ [IBHKCHIE 3APRK,
sactit nonepék uoas, cinkact u kodd. T. H. moHepéx H (va
ITOM OCHOBUHA MAUlL TePMOH30AALMS HAa3Mer). Kosd. T. o
NOTICPEK OAHOPOIOTO MAlH. 1018

Wi~ IV @
1 P \'m,T cHZ,;— nupmoposckuit panuyc. B atom ciy-
qaae, kak suino w3 (2) T, s Haupasicaun HoHepék H 06
SIOBIICHA HOHUMIL, 11PU CPUBHHMBIX TEMIT-PAX ¥; | /K, ~ /M,
B smari. nose coxn0i KouHIypanni oltepesHoe eMeIeHHe
CATTHLL MCK/TY CTOIKHOBCHHAMH MOXCT NPEBLIUATH JIAPMO-
POBCKHE piliMyC, TdK uTo KO, %, OKa3bibaeTcs Ooubie
onpeieaéinoro $-10d (2), OCTABAACH MAJbIM [0 CPABHEHHI
¢ (). Hanp.. v moxaaake B PEXUMC PEJIKMX CTOJKHOBEHHS

. 2 I m

neoknaccuy. k0. nouepenHoit T. u. B (Hy/H,Y /a/R pay
Gounbrie, em (2) (3ech g, R— Manbii u GCoNnbiIoR paamych
Topu. H,. M, ~~TOPOHTATILHOC U TIOIOMSATBHOC MATH. MONS).
Hab:momaemig nonepeunan T. (. 44cTo OKA3BIBACTCA HAMHOTO
G0:0b1Ie, HeM KIECCHUCCKaA., OOYCIIOBIICHHAS CTOIKHOBEHHSMH,
OCTURAACL MAIOH nO cpasHchUio © nmpounonsuoi (1). Ora
aHoMiibias T, N, oByciioBIcHa BO3SHUKAIOMICH B pedy.IbTaTe
PASBUTHA HeYCTOHMUBAOCTER 1y poyaenmmoembro. Tlospasioms-
CCA NPH 210N CIYHIHHBIC 3CK TPHY. NOIIS IIPHBOIAT K CITyYail-
HBIM ApeidiaM Hacrmi B CKpeluenubix monAx nonepék H,
A4 CAydaRnbIe Mari. o1y (CIyvalHoe HCKpUBIEHHE MArH. cH-
JIORLIX STHMHIE)— K TOMY. 4TO HCPEMCHIEHME WACTHIl BRONb
MUHOBCHHLIX CHTIOBBIX SIMHAH NPUBOAMT K HX CMELLEHUIO T0-
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nepék cpeanero H (em. dpedidh sapamcernnex vacmuy). B Toka-
MIKC KTACCHIECKYIo T, 1. OCOBCHHO CHIILHO NIPEBOCXOAMT Io-
TepeyHAA. OBYCTOBACIHUA VICKTPOHIMH.

B ¢1alOMOHH30BAHHOR TLTA3MC BLIACIATL JJIEKTPOHHYIO
T. f1. UMCCT CMBICSA TG (PH JIOCTATOYHO BHICOKOH CTCHCHH
HOHH3AIIHH. KOT/IA MCKIIICKTPOTIIBIC CTOIKHOBCHHA YCTAHAB-
JIKBAKOT MAKCBCTTOBCKYIO (D-1IMIO pACIpPEfeIeHNs HICKTPOHOB.
B ciiyque HH3KOH HOHM3IAIMH, KOFTA JLIHHA PENaKCAIIHH JHEp-
THH JNICKTPOHOB CCTh OANOBPEMCHHO JITMHA YCTAHOBIICHUS
d-1sH PACHPEICTCHUA, 1ICPCHOC HWICKTPOHOB CIICIYCT OHHCHI-
BATb KHHCTHYECKH

Jlun: Xnnrow . ARICOHA TCPEHOCH B CIOJNKIMOBHTE MO [ia3-
Me, nep. ¢ anii, B KiL: OCLOBRL GUIMKM wramMbr, T. 1, M., 1983;
Poxaucknit B. A, Uewaun J. jL. CTonmmBm'e,mHHﬁ nepexoe
B HACTHHIIO HOMH30BAHHON Ltatme. M., 1938

B. A, Pomcancxuiz, JI. 1. Henoun.
TEﬂJ]O(,Qﬂ,LP;KAIIME—TL) KC, UTO MMAABIUA.
TEMJAOTA UCTIAPEHUA (1eunora apoo6pa3oPaHHs )} —
KOJI-BO TRIIOTBL. K-poe 1eo0X0MMO COOOLIMTL  BEILCCTRY
B PABHOBCCHOM H3062PHO-HIOTEPMHY. MPOSICCCe AJIA HONHOrO
HPEBPALICHHS AHKOr0 BewecTsa b 1ap. T. 0. paBua KOi-By
TEMUIOThE, BBLACINIONICMYCH 1IPH KOHACHCAIIMH HApa B XKHMi-
kocThb. OOHH H3 BR;IOB TCILIOThI (PA30BOLO 11¢:5:X00a. Pas mya-
ot ya. T.n. (nirmpm‘ruz 8 /[ . KKQuI/KI') H MOJIbBYH)
(Moaspuyro) T. u. (B J1k/MOIb). Hulxe TIPHBECNCHBI 3HAYCHHS
ya. T. M. L., HCK-phbiX BCIUCCTB TPH HOPMUJIBHOM [ABTEHHH
(1013.25 rTla) # Temn-pe kuneuus 7y,

Bemectpo T Lo 10°, Jkikr

Boaopou

Azor

ITun0Bbi CHIPT
Bona

Pryto

Canren

Mean

HKenezo

TEILIOTA TUIABJAEHMS — K0:1-BO TCTLIOTH, K-PO¢ HEOH-
XOAHMO COOBIMTL BCHICCTRY B PABHOBCCHOM M'iO()leHOJiZO—
TePMHY. TIPOLECCE, T00K! MOTHOCTBIO ICPEBCCTH CTO W3 TBEP-
AOrQ KPHCTALTMY. COCTOSIHHA B KU, IKOC. T. n. PaBHA KOJI-BY
TCILIOTBI, BB/ l(,JlﬁlOlll(.\d\(,ﬂ NIPH KPHCTATIIH3A LHH BCLICCTBA H3
)KIIZ(I(OM ll.)(\}l:l 1L-— OJAMH W3 BHIAOB TCTJIOTHI (t)dBOBOI‘O
nepexo;i.  Pazamuwaror yi. T.m. (u3mcpseres B JIK/kr,
KKQJI;KT) H MOablyio (Moaspuyto) T. n. (8 Jx/mois). Huke
TIDHBEACHLI 3HAYUCHUSA Y1. T. n. I,",l JUIA HEK-PbIX BENIECTB
TpH HOpMATbNoM aasienud (101325 rlTa) » Temu-pe miaas-
qenus T,

Beiuecrso Too © L., kix/&r
Boaopox 58,2
Kuciopon 13.8
Aot 25,7
Prymi, 119
Slea 334
Havpaii 102
Qnoso 60,2
Cahuen 24,7
Liunx 102
Amomunani 3RS
Cepebpo 105
3onoTo 64
Mean 205
Kpemunii 1409
Heukean 229
Kotanp1 264
Keaeao 266
Xpom 264
Meran S8.8
DTHIOBLIT CHHPY 109
Areton 97.9
Hadraamn 824

3

6 DHIMYCCKU DIINKILONCALL

TEILIOTA NOJUMOP®HOIO ITPEBPAIEHNAS —xon-
BO TCILTOTBI, BhijenseMoe (IOriollaeMoe) NpH pPaBHOBECHOM
H306apHO-H30TEPMHY. IEPCXORE BEWECTBA W3 OAHOH HOIH-
MOp(‘l)HOM MOHDHKALHH B ApYrylo (cM. [Toausopduim).

. H. I1.— OJIHH H3 BHJO0OB TCIIOTES ¢LUDBD[‘0 IIEPPXDL’II HOHM-
MOPGHBIE MOIHHKALHMH CYIIECTBYIOT Y TBEPABIX KPHCTAILIHY.
BELLECCTB H D‘CII&KU.X Kpucmdaiios. MO}ZlM(l)MK‘dI.lHH OJIHOTO H TO-
ro e BCIICCTBA PA3NHUARKITCA CTPYKTYPOH KPHCTA/IHY. pe-
IHETKHM H SIBISKOTCH yCTOﬁ‘IMBLlMM B Orpeaesl. HHTEPBAJIC 3Ha-
YeHHH TeMII-D, A4BJICHHH H /IP. BHEUI. mapameTpos. fepexons
H3 ORHOH MOAM(UKALMHM B JPYIYIO CBS3aHBI C W3MCHEHHEM
Himadbnuy BENCCTRA AH u COMPOBOXAAIOTCA BbI/ICICHHEM
(moryionieHHeM) COOTBETCTBYIOLIErO KOI-pa TENAOTHL
Qo =AH. 3uavenua (,, N4 HEK-PbiX NOJIHMOP(HBIX HEPEXo-
[10B TIPHBENEHB! B TabHIE.

Temu-pa Tun pemé rkn [o 8
Bewecso epexond ®x/
T 'C Hike Ty puime Ty Mok
Wenero . . 910 | Ky6nu. KyGny. rpane- | 0.878
0GBEMHO- LEHTPHPO-
UCHTPHPO- BaHHARA
BAHRAA
1400 | Ky6uu. rpa- [KyGuu. obwé- | 0,46
eLIEHTPH- MHO-LIEHT-
POBAHHARA PpHpOBAHHAS
Kamnuui 464 | Ky6uu. rpa- |Tekcaronans- Lo
HeueHTPR- Has
POBAHUAA
Mapraren . . . 727 |Kybuu. oOné-|{Kybuy, obbé-| 2,24
MHO-UEHTPH-| MHO-LIEHTDH-
poBaHHaa (x-| poBaHHas (B-
thasa) dasza)
1101  |Kybnu. o6né- |Terparonans- | 2,23
MHO-LICHVDH- | Hast
PpoBaHHas
1137 | Terparonans- |KyGui. o6 1,8
Has MHO-LEHTDH-
poBannas
Taran 1080 |TexearoHane- |KyGnd. o6né 34
MHO-UEHTPH-
poBAHHAS
Vpay . . . . 662 |Opropombu- |Terparonans- | 2,93
HecKas nas
769 |Terparonans- |KyOuu, o6né- [ 4.78
Has MHO-LEHTDH-~
POBAHHAR
Xpowm . 1840 | Kybuu. o61é- |Kybuy. rpa- 1.46
MHO-UEHTPR- | HeeHTpHpO-
POBAHHARA BaHHas

TEMLIOTA CTOPAHMSA (TennoTBopHas enocoGHOCTS, Kajlo-
p"ﬁHOCTL)—KOﬂ-BO TEMJIOTHI. BbLICNAKOLIEECA LPH NOJHOM
CropamnHH TOTUIHBA; U3MEPACTCA B [UKOYJAX MITH KaJOPHAX.
T. c., OTHCCéHHaﬂ K €/IMHHIIC MacChl HIIH OGLéMﬂ TOHJTHB&, HA3.
ya. T.c: ang =3 H3MCPEIIHA NOIb3YKTCA METOAAMH KAAOPUMC~
mpuu. T. C. oUpCcAENAETCA XUM. COCTaBOM TormBa. Conepxa-
IHECH B TOIMJIMBE XMM. BJICMEIITHI ofo3nayaroTes TIDHIIATRIM U
cumBosiamu —C, H, O, N, S, a 3012 4 BOA3a — CHMBOJAMH
A n W cooTsercrsenHo. Ecnu Boaa, conepxkauiascs B TolMpe
H 06p33OBH.BUJaRCR npH CTOPaHHH BO/(OpO[("! TOIIHBA, IIDHCYT-
CTBYET B KOHEYHBIX NMPOAYKTAX CIOPAHMA B BH/IE KHIKOCTH, TO
KOJI-BO BBIACIMBILEHCS TETIOTH XAPAKTCPH3YET BHICIIY O
T.c. (@), ecniy Xc BoAa IIPHCYTCTBYCT B BMAC Tapa, To
T.c. Has. HHM3me#d (Q,). Huawaa u seicuas T. c. cBsza-
Hpl coOTnomeHneM Q,=Q,+k(W+9H), rae k=25 k/Ix/xr
(6 KKAT/KT).

T. ¢., oTHccEHHas k paBoucit Macce Toruvea (QF), Moxer
OBbITH PACCUMTAHA 1O SMIHDHY. (-Jlam, Haup. 10 ¢-ne MeH-
neneea: OP=81 C"4-300 H"—26 (OP—SK)—6 (9H+Wr),
rae Sp—coacpxanne B pabouell Macce TOILTHBA JETYHCH ce-
pol. 19 CPABHUT. pacuéTOB LTHPOKO NOJIL3YIOTCSH T. H. YCIIOB-
HBIM TOHIUBOM ¢ yi. T. c. 29308 w Ix/kr (7000 kxan/xr), uto
B 4,87 pa3a uuwxke yi T.c. Bonopona (142868 x/lx/xr).
B Tabn. npuBecHb 3nauenns OF (M/Ix/kr) u xaponpons-
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BOANTCIBHOCTH Tﬂ—TCMH-pH‘ AOCTHIACMOM upe 1oi-
HOM CropaWHd TOHJIMB& B BO3IYXC.

Hapsay ¢ NpHpOAHbLIM OPraHHY. TOHIHBOM B COBP. TCXHHKE
(RaHp., B paKeTax) WHPOKO NPHMEHSIOT 0CcOObBIE BHIbI TOHIU-
Ba, ans K*pHX 3HAYCHHA Qﬁ CYWIECTBCHHO #bIINE, YeM JUIH
TIPHPOAHBIX TOTIHB.

Cocras 1o macee, % Q. T
By Tonmea Mibki| ¢
C* [HP [ SP | NP |OP | WP | AP K1

Topd 24,712,6 10,1 1,1 {152 ] 50| 63 81 (1600
Hposa 30,3136 | — | 04 1251 (40 0.6 [ 10.2 | 1600
Bypeiii yrons (43,73 02 06 {135 (33 6 15 1800
Kamenpi

yroan 552038 (32 | Lo |58 B (23 22 2050
Tprponusii

ras (mMeran) |74 |25 — P L0 — | — | — | 356%|2000
Maayt 83 |104(28 | — |07 3 0.1] 392 |2100
Beusun 85 149005 — | 0,05 — | — | 44 2100

* TennmoTa cropatms NPHPOAROTo Fasa Aana B8 Mibk/m*.

TEMJAOTA ®A30BOIO [TEPEXO/A —K0.-B0 TCNI0ThL
K-poe HeoOx0auMo COOGUINTL BCTICCTBY (MJlM OTHECTH OT
HETO0) NpH PaBHOBECTIOM H308apPHO-H3OTEPMHY. TICPCXOAC BC-
WeCTBa M3 0fHOH da3bl B Apyryko ((pa3opom mepexoac i-ro
PO/la — KHICHHH, NITABIICHHM, KPHCTAJLIH3AIMH, 101uMOp(-
HoM npeBpailenuu 1. 1), Cymecrpopanue T. ¢. n. pusnge-
CKH 00YCIIOBIEHO PA3JIMHMEM IHepelli ¢6A3u BENICCTBA B COOT-
BeTCTB. Gasax. Jlna (asopbix nepexoios 2-ro poma T. (. .
papHa Hyro. PaBHOBCCHBIH (ha3oBbIN NEPCXOil MPH AAHHOM
JABJICHHH NPOHCXOAMT TIPH NOCT. TCMI-PE— TeMii-pe (ha3080-
ro nepexoda. T. ¢, 1. papna POH3BENCHHIO TeMII-PBI (h30BO-
0 Mepexo/id Hd PAZHOCTh 3NTPONMH B ABYX (Da3uX, MCANY
K-pPbIMH TIDOMCXOJHT Nepexod. PazIMuatoT yiA. M MOJLHYHO
(mosaphyro) T. ¢. n., oTHec€HHmIe cooTBeTCTBEHHO K | KI
K | Momo pewecTsd (cM. Tenaoma ucnapenies, Tenioma n.ué-
Aeuus. Tenaoma noaumopdnoco npeepayerus).
TEPA... (OT rped. téras — 4y/I0BHINE) — UPHCTIRKI K NAHMCHO-
BAHHIO €HHHI KbH]. BEJIMMHHBI LTS Oﬁpkl'}OBaHMH BaHMenoBa-
HUA KDATHOH eAMHHLbLI, paBHOH 10" HCXOUHBIX CAHHMIL Kfm‘r—
xoe o6o3uauerue — T. [lpumep: | TH (Tepaumiorony= 10/ *H.
TEPBHUHA (nat. Terbium), Tb,— xum. snement 111 rpyimet ne-
MOMY. CHCTCMBI 3IeMeHToP MeHaenceBa. at. nomep 65, aT.
mMacca 158,925, OTHOCHTCA K JdHTaHoMAaM. B npupone upei-
CTdBIeH OMHMM CTalWIbHbiM Hykamiom '*°Tb. Jmekrpon-
Has KOHGHUIypauusa BHeml. obosiodek 4sZpCd'Uf"SsipCd s
JHepruM nocJAcaoBaT. HoHW3amK 5,850 1150 219, 39.8 »B.
Kpuctannoxum. paauyc arvoma T. 0,177 HM, pamuyc HoHa
Tb** 0,089 um. 3Ha4eHHe .1eKTpOOTPHIATCILHOCTH 1.3, Pa-
6oTa BbIXOAA MEKTPOHOB 3.09 9B,

B cpoboanoM Buae—mArkuit cepebpucto-Oeiibii MeTa L1
CytuectBytoT ase nonuMopdHbie Mondukarmu: »-Tb u B-Th.
Temn-pa ¢daszosoro nepexoda 1287 "C. a-Th oGaaact rekca
TOHAJILHOH TUIOTHO YNAKORAHHOM KPHCTALTHY. peliéTkoit
¢ HapameTpaMM a=360.4 mM, ¢=5698 nm. ILioTHOCTH
8.272 xr/am?, 1, =1356 "C, 1,,,=3230"C. TcnnoémkocTh
¢;=28.88 Ix/(Monb - K), Temmtora unapaenus 10,78 k[ Mob,
TertnoTa venapeHns 330,6 x/k/Monb. Temi-pa JleGast 158 K.
DeppOMarBMIeH, MarH. BOCTIpHMMYHMBOCTH o-Tb 1210-10 °

{npH 20 “C). Touka Kropn 221 K. YA, 31eKTpHY. CONPOTHB.ICHHE

1,16 mMxOM M (nipys 298 K). Kood. nnnciinoro remionoro pac-
mmpenns 1,03- 107K~ (298 K). Temsonposommocts 10.2
B/(m - K) (npu 291 K). Ts. uo Bpunennto 686,7 MIla. Mosynk
HOPManbno# ynpyrocti 63.2 I'lla, Moaynb cusmia 254 MIl

Crenenb okuCIGHHA + 3 M, pexe, +4. T. IPUMEHSIOT B Npo-
H3BOACTBE Cnell. CTEKOJ, Mal'H, CILT4BOB, KpHCTaanodocdo-
poB. VI3 HCKYCCTB, PaAHOHYKAMIOB NPAKTHY. IPUMENCHHC Ha-
xoauT B-pasmoakTreHel “*OTb (7., =72.3 cyT).

| ) . C. Bepoonocos.

TEPMAJUBALUMA HEATPOHOB-—jameienne HeiiTpo-
HOB NPH MX PaclPOCTPAHEHHH B Cpee A0 TEMJIOBBIX JHEPT Hil;
M. Judpysua neiimponos, 3amedacuue Heamponos.

TEPMAUYECKHUE KOIOOUUMEHTBL —senununt,  xa-
PAKTCPH3YIOUIUC H3IMEHEHHME K.-1. HAPAMCTpPA, BXOJIALIEro
B TCPMHH. VPU&HCHIUC COCMORIUG TEPMOAUHAMMUY. CHCTCMBL
{oObeéma V', JaBIEHHA p) B 3BHCHMOCTH OT [Ip. MapaMeTpa
(1aB1cHIA p. TeMu-pht T') B Onpejie.1. TEPMOAHHAMHY. HPOLEC-
ce. Pa3IMuMaroT H30TEPMUM. KOXb. CxaTHa (W30TCPMUY, Cocl-
siaeviwemy) Br=—V" ' (QV/[0p)r: anmabaTHEI K03b. OKaTHd
(aauabaTin. cxuMacMocth) PBy=— V' (@Vidp)s; H30XOpHRIA
koxh. Aanncuus y=p~ Y@p/@T), v uzobapHbiil ko3d. pacuwm-
perna (koxh. 06uéMuoro pactumpenns) x= V" (2V/T),.
TEPMOAHEMOMETP —npu6op /(18 W3MEpenns ckOpoCTH
MOTORI AHAKOCTH WIH rasza oT 0,1 M/C M BbIIIC, HPHHUMIL
ACHCTBHSA K-POT'O OCHOBAH HA 34 BHCHMOCTH MEXIY CKOPOCTBIO
HOTOKA U TEIIO0TIa4cH NPOBONOYIKH, IIOMEIEHHOH B TOTOK
¥ HArPeroi »AcKTpHY. TokoM, OcH. 9acTh T.—MOCT H3MCPH-
TCABLBIK (pHC.), B O/IHO I11€40 K-pOFO BKJIIOYEH HYBCTBHT.
VIEMEHT B BUAE HHTH H3 HHKeJNs,
BOJIbPAMA  WItH  [UIATHHBI [IIHHOH
3—I12 MM u guam. 0.005—0,15 mm,
YKPETIEHHOR 114 TOHKHX DJIEKTPONpo-
BOAHBIX cTepxHsx. Kos-Bo TennoTsl,
1EpEe/NdBACMOR  HATPETOH NPOBOIOH-
KOH MOTORY KUAKOCTH (Ta34). 3ABMCHT
OT M3, XAPAKTCPUCTUK JIBHKYIICHCS
CPC/lbl, I'€OMETPHH W  ODHEHTALHK
1IpoBo1oukH. C yBeIHUEHEM TeMI-
PBI 1IPOBOJIOMKH 4YBCTBHTENIbHOCTE T,
yscauuupaerca.  braronapa  manoi
HMHEPIHOHHOCTH, BBICOKOH 9yBCTBH-
TCIBTOCTH, TOYHOCTH M KOMINAKT-
HOCTH T. NIMPOKO JIPHMCHSACTCA NPH
M3YUEHHH HCYCTAHOBHBILIHXCH JIBHXKE-
HHI M TCUCIHIA B TIOT PAHMYHOM CJloe
BOIM3IH CICHKH, JUIS OIPEHCICHHS Ha-
HPUBSICHHA CKOPOCTH TIOTOKA (ABYX-
n rpéxauTountie T.) H ri. 00p. TypOyJICHTHOCTH BO3. NOTO-
®0B. T. 10.1b3YlOTCH Ji1A 30HIHPOBAHMA TIOTOKOB K&K TIPH
OOBIMHBIX JIIBACHHSAX, TAK M NPU GOJIBILNX Pa3PeKEHHSIX.
Jum.: Tlonop C. I'., M3Mepeune bosaylinbix 1oroxos, M.—JI,
1947 Topanu C. M., Cacsuurep M. M., AJPOMEXaBHMECKHE H3-
mepenns, M., 1964,
TEPMOTAIbBAHOMATHATIIBIE ABJAEHMSA — sinactns
TICPEHOCA TCMIOThl M 34PA/0B B [IPOBOAHHUKE, IPOUCKOAALUKE
1PH O/INVBPEM. BO3ICHCTBHM 2ICKTPHY. H MarH. NOAEH, 4 Tak-
Ke TPAJHCHTA TeMM-phi, O[IIOBPEMCHHO HAJIHYMC DTHX TPEX
(aKTOPOB NIPHBOMT HE TOJILKO K H3MEHEHHIO KHHETHY. K02,
XAPAKTCPH3YIONIMX NIPOBOAHHK: KO3(¢. TCMJIONPOBOJNOCTH X,
ko, Xoana R (eM. Xostaa sfighexm), npOBOAMMOCTH C, KO3,
meprodde A, 10 M K TIOABIIEHHIO «NEPCKPECTHBIX» ABJICHHH,
K nocrciwnm  OTHOCATCA MONCPEMHBIR M TPOAOJIbHBIH
Hepiema — Dmmuncexaysena agexmest, Hepriema sggexm,
Dnumumeexarsena dgpdexm, a Takxe 3hPeKThl, 00YCIOBICHHbIE
BIITAHHCM  MAUH. HONS HA  ICPMOIACKIMPULCCRIUE  HEACHUNA
M BUBICHCTBHEM TPAHCHTA TEMII-phi (M.IH IIOTOKA TEHJIOThI)
WL catbganomaorunibie sgdenus. T. 5. MOTYT Hab o XaTECH
B ROVAPOSOOMIKAX, MEMALIAX, HO.[y MEINALIAX, NAGIMe W P,
[px geHOMEHOAOIHY. OlicaHuu T. 5. OGBIMHO NMONb3YIOTES
CHCICMOM yp-1IHA, B K-pOi NTOTOK TEMJIOThI ¢ H DJICKTPHY. NOJie
£ BBIDAAKCILL 4CPE3 IIOTHOCT TOKA f. PA3HOCTh TOTEHIHA,TOB
@ ¥ rpaauedT Temn-per V. Tt

Fi= 05 et anViT.
R . &
q— ©i=Bufi—nuViT. o
Tersopht 04 'L i, %i. By, COMIACHO COOTHOUICHHIO CHMMET-

DHH KRHCTHY. KOXp. B MarH. mone (cM. Oncazepa meopema),
VAOBICTBOPAKOT COOTHOINEHWAM

Ou! (H)=0y'(— H), wy (H) =si(—H),

o (H)=Pu (— H){T. [0}

Hus uzorponmoro npoBogHHka yp-wuA (1), (2) npuBomaT
K JIBYM BEKTOPHBIM YP-HHAM

E=o 'j+aVT+ R [Hj |+ A [HVT L
4= i= T HRVT+ Ay ] |+ Ay [HVT L (3)

et

i




Vp-uus (3) conepkaT 6 HCIABUCHMBbIX CKAJISPHBIX KHHETHY.
k03(., 3aBHUCAIIMX 0T Marn. noss H: o, %, @, a Takke R,
Ay, Awen— k0., Xapakrepudyomue pdexrsl  Xomna,
Hepreta—31marexayseda v Madxwcu— Puou—JTedwka -
diexnm.

B Meraiiax M BBIPOXIEHHBIX TOIYIPOBOJHHKAX TNEPEHOE
IAPAOA o TEMd OCYUECTBAACTCA HOCHTEARAM 3aPAAA C JHEP-
TRAMH BOIMTH oncprui @epmu & B y3kom cioe kT. TMorroMy
BENHUMHB Beex K03, Maki. Hopska AT/, B noayuposoa-
HHKAX € JBYMS COPTdMH HOCHTENEH 34pANA ()ICKTpOHAMHY
M JBIDKAMM) CYIIECT BCHRBIA BKIaA » T. 1. BHOCHT DUTIONApHOC
JIBHKEHHE DMICKTPOHOB M [ILIPOK. I0OITOMY BCE KMHCTHY. KOO,
T. 4. comepxar cocrapasiomylo, mnponopu. &,/kT, rne
&,— WMPHUHA 3ANPCILEBHOR 30HbI nonynpono,mum H, T. 0.,
BCE K03¢). B (3) BO3PACTAIOT.

O6puno ¢ nomotisio (3) T. . B M30TPONNOM HPOBOIHAKE
KIacCROUUMPYIOTCA Ccd. 00pa3oM: ock : ﬂhlﬁdeK)'l BAOJIB

M pa3IMYaoT upo:lom,ume (fe=Jj,= «=4¢,=0) n no-
nepeunbie (j.=0. £.=0, V.T=0) b )eKTbI l'lpu otom T. s
noapaAeIIoT Ha MioTepmudcckie (V. T=0) u agnadarnuec-
kHe (g, =0; cm. Tab).

Tlonepcaubic TEPMOrAMLBAHOMAIHHTHBIC WRJACKHA (M — W3O TEPMHHCCKHE,
a—aHaBaTHUCCKHE)

Koa., xapakre- Yeaosust Wimepse-
PHIYIOHIHC Habinoue- | Mas BEIH-
SBACUHC [tust HHG
OJERTPOIPOBOAHOCT 1
(, a) =i E. E,
Temmnponommu b
s
Marﬂenmpmonuk—
Tpuqccmn ekt
a) E,
3¢d)ex-r Xoaua (u, a) E,
Bddext Hepsera —
ArTHirexayseia
(1, 1) A== EGAV,T 1
pderT ITHHIC
3ena (41 A, =V, Tl V.7
Sdpext Prrst — Jlesmokal
@ Avg=V,ITHV.T v,T

Koad. Apy ¥ Ay XuUpaKTEPH3YIOT COOTHCICTBEHNO Pulu—
Jedwoxa sfferm u ITTUIICXAY3CHL WPPCKT.

Vkazanusic B Tal). KHHETH . K030, cBA3aHBI MEKAY coOo#
COOTHOMIEHHUAMH

4,=T4Tl)x.

W =H (") AR

(o Yr—(c ) =H24{, 45 R*—R*=a"A>;

Afpr— Afs=2"dpa; & = A Apa H 2 jn"
To onpeaeienuto, sddex bl 'ITTHHICXAYICHA H PUrH — Jlcaro-
ka MOTYT Obirh TONbKO o IMabATHUCCKUMH, OCTambHble T. A
MOI'YT ObITh KaK H30TEDMUHCCKHMH, TAK U 4/14abaTHYECKUMH.
O6bi4ro u3Meperns koxp. T. A. HAIOIHAWTCA B KaJOPHMET-
pu4. HpUBOPAX, KOT/IU YCIOBHS IKCTIICPUMCHTA OJH3KM K a/H-
abaruueckuM. OnHako e OHOHHAS YaCTh TEH.I0NPOBOU-
HOCTH 3HAYMTEIBLIO OOABNIC WICKTPOIUHON, TO aMabaTy.
KO3(). MPAKTHYCCKH COBIAJIAIOT ¢ HIOTEPMHUCCKHMH.

Koad., xapaxtepusytommue T. s, 3aBHCAT OT MEXaHH3MA
paccesnus Hocumeen ](lp.fll)(l H '[yBCIBH T€.1bHbl K 3dBHCHMO-
CTH BPEMEHH PCAAKCALIMM UMDYJLCA T HOCHICIACH 3apsjla (Bpe-
MEHH €80DOIHOrO 11podera) oT Mx vHeprun. Kpome Toro, Ha
3TH KO3(. BIMAIOT 30HHAS CTPYKTYPd JHCPIETHY. CHCKTPd
HOcHTeneH 3apana (eM. 3omnas meopus), dopma depatu-no-
8EPXHOCHIU, Yedeucile ICKIMPONOS hotondyu, THI TpuMecei
HT. 0. 3aBHcHMocTb Kood. T, . o1 H onpeaeisetes napameT-
POM T, TAC @, =eH i —— ik ompoiiad yacmomd HOCHTe-
nie#t 3apaia (m—ux 0. Macca). B cayyae 1. 1. ¢1abbix Marh.
noscH (©,T<< 1) Bee kKOMp. HC 3aBUCAT oT H.

6%

[MpakTuy. npumchende T. 4. OCHOBAHO HA MCTIONL3OBUHUM
Tleavmoe affifexma pns oxstaxaeHus mpubopos M yCTpoidcrs,
TIOMCMICHHBIX B CHiIbHOE MArH. MO.IC. FTO MOXCT NPHUBOIHThL
K SHAMMT.  yBEIMMEHHMIO TEPMOJICKTPHH. ek THBHOCTH
Z=0c 32 CHéT POCTA R MarH. MOAC KO, TCPMOIIC A HPH
HEH3METIHOM 3HAYCHHH OTHOLICHHS G /% (B MarH. MoJje BbINoJ-
uaerca Budessarna — Opaiya 3axon).

Jum.: Jlasnay A, Judwan E. M., Dickrpoumiavuxs
croiountetx cpejt, 2 Wim, M., 1982; Lluauaskonc ki UL Tepmo-
MUTHHTHBIC ABIICHRA B LOAYIPOBOABHKAX, M., [960; Butart ®., dusn-
Kd IMCKTPOHHOH NPOBOUMMOCTH B TBEPAbIX 1€.14X, 1Cp. ¢ ultlk, M.,
1971; 3eerep K. ®uanka NONYHPOBOAUHKOB, e, € aur., M., 1977:
Ackepos b. M., 31ckTPOHHBIC ABICUMA HCPEHOCA B UOJYIPOHOLHHU-
kax, M., 1985; Typesuy KO, .. [TapasiokChl TEIIONPOBOSHOCTH B 110~
aynposounkax, «IIpupoaa», 1986, Ne 3, c. 66. A. D, Mciepoanu.

TEPMOAECOPBUMOHHASL  CMIEKTPOMETPAS — ye-
TOZB! MCCIENOBUHUS 41€0POUHOHHO-ICCOPOUHOHHBIX MPOILCC-
COR Ha TIOBEPXHOCTH TREPIOTO TeMd, MOMEIEHHOTO B BAKYYM-
HYIO KaMeDy, TIYTEM WIMEPCHMS B Hell NABJENMs Tasa uiu
TIOTOKA HCHTPATILHBEX HACTHIL, ecopOHPYEMbIX C IOBEPXHOCTH
Te.1a nph e¢ HaTpene (T. €. MPH mepmodecopioyuu ). J11s peruct-
PALKK ACCOPOHPYEMBIX HACTHLL TIPHMEHAIOT HOHH3AIHOHHBIE
MAHOMETPbl M MACC-CUICKTPOMETpel. [Tocnennne 1038001
perueTpupoBath o 107 ot dmopﬁuposdmmlo MOHOCNOA
(Hpw oK toBepxuocty 1 cm?). B kavecrse agcopbenton
ODBIYHO HCTIONB3YIOT TPAHH MOTIOKPHCTAIIOR, TCKCTYPHPO-
BAHHBIC JICHTH! M HONMKPHUCTan M4, HUTH. [Ina monyucuus
MAPAMCTPOB TEPMOALCOPOLMM NIPUMEHSKOT NPOTPAMMHUDOBILlI-
Hbld Harpes. T. ¢. UCMONB3YCTCA IS ONPENe/CHUA KOHIICHT-
PallHH 2NcOPOHPOBAHHBIX MACTHIL, JHEPTHH CBA3H AjICOPOHpL-
BA4HHbIX Y4ACTHLL ¢ NOAJIOKKOH M Jpyr € APYroM, a TaKkKe jUif
AHAHIA (HAIOBBIX NICPCXONOB H XHM. HPEBPALUCHUH B aficop-
6upoBaHHbIX cnosix. [lecopbupycMble paHKaTb MOTYT BCTY-
MaTh B PEAKLUMH C Td3dMH, aJCOPOHPOBAHHBIMU Hd BHYTP.
cTenKax npubopa, M BbIILIBAThE [IECOPOIMI0 BTOPHUHBIX YMac-
THLL, MCKAXAIOUIYIO Pe3yJibTaThl aHamusa. s HopuwsicHus
ITHX HEXE:(ATCILHBEIX IQHEKTOB CTEHKH NIPUOOPA HOKPBIBAKOT
MICHKOH AKTHBHOTO BCHIECTRA (TIPH TemMil-pe XKUIAKOro a307d),
CHOCOOHOTO CRA3BIBATH (IOHAZAIONHC Hi CTEHKHM HACTHIbI (pe-
KHUM «HEPHOH» KaMephbl).

Jlum.. Areep B, H.. ANCOPOUHORHO-ICCOPOUMOMKEIC IPOHECCHL Ha
[TOBEPXHOCTH TB(,leOIO Tequ, «[ToBepxHOCTb. DHIMKA, XHMHSH, Mexd-
uuka», 1984, 8.3, ¢. 5, B. H. Aeces.

TEPMOI{ECOPBLII/IH—yuaneﬂuc 4ATOMOB, MOJICKYl H pa-
JMKAIOR ¢ HOBEPXHOCTH TBEPAOTO TENA [PH €r0 WAl PERUNIHM.
CBAA3b 4aCTHULI C MOBEPXHOCTBIO PA3PBIBACTCS B PE3ysibiaTe
TepMHY. BO30YXKICHHs, H AecOpOIHA IIPOHCXOMUT B yCIOBHSX
TEPMHY. PUBHOBECHA € HOAIIOXKOMH. TTorToMy necopbupycmble
HACTHLLI HMEIOT MAKCRE/IOBCKOS PACHPENLICHHUE HO KHHETHY.
JHEPTHAM C TCMH-PO, DABHOW TCMH-DE MOIOKKH, H 3ABUCH-
MOCTb €KOPOCTH SICCOPOLIHH OT TEMH-Dbl OHPEACIACTCA HHCp-
THed CBH3M 4ACTHL C IMOBCPXHOCTBIO. YacTHbid cayualt T.—
ROBEPXHOCTINGA UONU3AYUA, TIPH K-POH IMHCCHS TONOKHT. HIH
OTPHLAT. HOHOB BO3HHKACT B HPOLCCCE H3OIHEPreTH . 00MeHa
JICKTPOHAMH MEXIY JCCOPOMPYCMBIMH WACTHUAMH H HOM-
NOXKOH.

Jum.: Ateen B. H.,, 3aua6epr 2. ., Ascopbunoutio-gecopdun-
OMHblE TIPONECCHl Ha MOBCPXHOCTH 1Beploro reia. «Becruuk AN
CCCP», 1985, Ne 12, ¢. 17. B. H. Asces.

TEPMOAUHAMMKA — nayxa o HauGonee 0BILIUX TEMIOBBIX
€BOHCTBaX MAKPOCKOHMY. Tel. TepMoaunamMuyu. HOJXON HE
TpeHYET NPHMBJICHCHHA YHPOIUEHHBIX MO/ICNEH paccMaTpusa-
eMbIX ABCHUHA, MOITOMY BBIBOAK T. MMEKIT YHUBEPCAIbHBIH
XapakTep.

Mcropus pa3BHTHA Tepmolunamuky. 3apoxichne T. kak Ha-
ykH cBA3aHO ¢ MMenem . [anunea (G. Galilei), k-pbiii 8Bén
HOHATHC mresnepamypsl ¥ CKOHCTPYMPOBAT HEPBBIH MpUBop,
PeATHPYIOIUHIE HA H3IMEHCHHS TCMH-Dbl OKPYXUOUICH cpe/bl
(1597). K. Penanbpunu (C. Renaldini) npeanoxun rpajyupo-
BATH TCPMOMCTP IO pelepHbiM Toukam. [. JI. dapeHreit
(G. D. Fahrenheit, 1714), P. Peomiop (R. Reanmur, 1730)
u A. Uenpcuit (A. Celsius, 1742) cospanu TemnepaTypHble
BIKAIbl B COOTBETCTBHH ¢ 3THM IIPHHIIHIIOM. B Pe3YyIbTATC
paboT I'. B. Puxmana (1744) HopMHUpyCTEA [IOHATHE TEHIOTSHI.
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Jox. Bask (J. Black) BBET MOHATHA CKPBITOH TEIUIOTHI [LIAB-
stenns (1757) u ternoémrocty (1770). M. Buabke (J. Wilcke,
1772) BBén onpefeneHHe KAJIODHH K4aK KOJ-BA TElta, He-
06X0AMMOTO AT HarpeBaHHs | r oAbl Ha | °C. A. JlaByadse
(A. Lavoisier) u IT. Jlantac (P. Laplace) B 1780 ckOHCTpyH-
pOBANH KAJIOPHMETP (eM. Kaiopumempus) W BNEPBbIE IKC-
TEPHMEHTATLHO OTPENENUTH Y/l TEWIOEMKOCTH DAAA Be-
mects. B 1824 C. Kapno (N. L. S. Carnot) onybmukosan
paboTy, MOCBAENTYIO HCC/EIOBAHHIO TIPHHUHMIOB paboTh
Tennopbix ABHrateneil. b. Kuaneipon (B. Clapeyron) Baé:n
rpadHy. NpeACTABICIHE TEPMOIHHAMHY, POLUCCCOB H PAIBHT
MeTold OCCcKOHeMHO Manbix MkioB (1834). 1O. P. Maiiep
(I. R. Mayer) chopmy dpoRaT NPUHIMD BIaUMOHPEBpanac-
MOCTH TeMJIOBOTO H MEX4HHY. JABMXEHHH H TCOPCTHHMCCKH
BBIYHC/THI TCPMOMEXAHHY. JKBHBaseHT (1842), okcncpuMen-
TajpHo ero onpeacimn Jx. IT. ixkoyas (1. P. Joule, 1843).
I'. Ienpmroann (G. Helmholtz) oTMeTHIT yHHBCpCanbHBIH Xa-
PaKTEp 34KOHA COXpAHCHMA 3HepruM (1847). Brocicacrsun
P.Knayauyc (R, Clausins) u V. Tomcon  (Keipun:
W. Thomsomn) CHETCMATHYECKH Da3BHIH TEOPETHY. alHapar
T., B OCHOBY K-pOro MNOJIOXEHbL HEPEOC HAYAIO MEPMOdu-
namuku W emopoe nauwado mepmodunamuxy, Pa3sutue 2-ro
Hayasa Hpubciio Knaysuyca k onpeacicuuto snmponnuu (1854)
H (HOPMYTHPOBKC 34KOHa BO3paciauus dnTponuu (1865). Cra-
THCTHY. WHTCPTIPCTALWA OHTponmwm Obina nana J1. bonbuma-
HoM (L. Bollzmann, 1872). Haunnas ¢ paGor [Ax. V. [466ca
(J. W. Gibbs, 1873), mpeanoXHBLICTO METON mepModunamu-
HECKUX HOMEHYUUA08, PA3BUBAETCA TEODHA TEPMOHHAMHY,
paBHoBecHA. Bo 2-if non. 19 n. HPOBOAMNMCL HCCIIEAOBAHHS
T. pealibhbix razoB. Ocobyio pofib CHITPATH JKCTIEPHMEHTBI
T. Dnpproca (T. Andrews), X-pblil BEPBAIC OOHAPYXHI Kpu-
MUteCKyl0 MOUKy CHCTEMbI XUAKocTb —map (1861), eé cy-
wecTBoBaHHe Hpcackasan M. M. Mengeiees (1860). K kon.
19 B. 6bLIH AOCTHIHYTHI GONbUIKE YCTIEXH B 11OJYYCHHH HILKUX
memnepamyp, B pCIyAbTaTc ucro Oulnn oxukedsl 0, N,
H H,, a 3aTeM u He. DKcnepHM. ucclie/(0BaHus B obnacTu
HH3KHX TeMI-p no3pogHaM B. Heprcty (W. Nernst) cpop-
MY.THpOBATDL MY nauato mepsmodunasuxu (1906). B 1902
[466c onybnnkoBa1 paboTy, B K-pOH BCE OCH. TEPMOIMHAMHY.
COOTHONIEHHA GbiIM HONYMCHbI B DAMKAX CHHAMUCIUCCKON
Gusuxu. CBAIb MEX/ly KHHCTHY. CBOHCTBAMH TeJld W ero
TEePMOAHHAMMY,  XAPAKTEDHCTHKaMH  OblUla  yCT4HOBJIEHA
J1. Oncarepom (L. Onsager, 1931). B 20 B. UHTEHCHBHO HC-
caenoBalin T. TBEPABIX TeJ, a TakXke KBAHTOBBIX WHIKOCTEdH
H KMIKHX KDHCTAILIOB, B K-PbIX HMEIOT MECTO MHOroo6-
pa3Hble gaaoebie nepexodsr. JI. . Jlanmay (1935—37) pazsun
0bimyto TeopHio $a30BbIX NMEPEXOMOB, OCHOBAHHYIO Ha KOH-
HETT{HM CHOHTAHHOTO HAPYLICHUS CHMMCTPHH.

OcHoBHbIE NOHATHS TepMoauHamBkd, B T. n3yqalor Mak-
POCKOMHY. CHCTCMBI, T. €. CHCTEMBbI, COCTOSHIHE W3 BOIBIIONo
HCNA YACTHI, MPHYEM HCCIEAYroT Haub. OdluMe CBOMCTBA
TAKHX CHCTEM, /ISl OHHCAHMA K-pbix HC TpeOyeTcs TNpHBIiede-
HHS MHKDOCKOIMY. XapaKTCPUCTHK CHCTEMbI. TepMOIMHAMMHY.
HOZXOJ OKA3BIBAETCHA TeM TOUHEE, 4eM GONbLIC YacTHIL B CHC-
Teme. 3aMKHYTOH CHCTEMOM Ha3. CHCIEMa, H3OJIMPOBAH-
HAf OT K.-JI. BHCIIL. BO3JEHCTBHS, TAKYIO CHCTEMY BCEMZd MOX-
HO pa3GUTh Hd COCTABISIOLIMC €€ MOACKCTEMBI, €1aD0 BlanMo-
AeHcTByromHe mexay coboit. Texom B T. ma3. Makpockonuy.
CHCTEMY, 3aKIIIOUEHHYIO B ONpeac. 06nEM.

Pagnodectibist coCMoRHUCM HA3. COCTOSHHC MAKDOCKOTIMY.
€HCTEMBI, B K-POM OTCYTCTBYIOT TIOTOKH (MAcChl, 3apANA, DHep-
THH, MMIIYJIbCA M T. I.) MEXAY C€ MO/ACHCTEMaMU. 3aMKHyTas
CHCTEMAa HO MCTEUEHHH JOCTAaTOYHO OONBINIOro MpoOMCeXyTKa
BPEMEHH BCETd HPUXOIHT B DABHOBECHOE eocTosHKe. PaBHo-
BECHOE €OCTORHME MAKPOCKOIIHY, CHETEMbI OHO3ZHAMHO Orpe-
AEIAETCH HECK. TEPMOIMHAMHUECKUME napameTpamit {em. f1a-
pamempei cocmosnus). Tak, PaBHOBECHOE COCTOAHHE XHIKO-
ETH WM ras’a (¢ HUKCHPOBAHHBIM HHC/IOM HACTHI)) MOXHO
3474Th JIBYMS HADAMETPAMH, HAIpP. A4BJICHUCM P 1 06BEMOM
V. B bonec CNOXHBIX EHCTEMAX YHCIIO TEPMOJMHAMMY. Mapa-
METPOB yBENTHuMBaeTcs. Hamp., B CMECH TajoB WM XH/IKOM
PACTBOPE B MX HUCTHO HEOOXOAMMO BKIOYMTL KOMHEHTPAMMH
OT/I. KOMIIOHEHTOB, COCTOAHHE TBEPAOTO TENd CIEAYET OIUCHI-
BaTh TeH30poM aedopmanun. [1pH paecCMOTPEeHHH OI1.-MATH,
SBNCHHI TCPMOIMHAMUY. CHCTEMY XADAKTEPH3YIOT TAKHMH

TaPAMETPAMH, KAK 3apaf, MOUApHIAUMA Cpeasl, Mard. mo-
ment. s CHCTeM ¢ HapyILEHHOH CHMMETPHEH B YHCIIO Tep-
MOAHHAMHY. TAPAMETPOB BKIIIOYAIOT Adpamermnp n(lpﬂ()k'ﬂ,

TCMll-p'd ABJIAETCHA KOJIHYECTB. XapaKTCpHCTHKOﬁ TEHJIOBOro
PABHOBCCHA! TEMIM-Pbl TET1. HAXOAANIHXCA B DPABHOBCCHH Apyr
€ JIpyromM, paBHbI mexay coboit. Ha 3TOM ocHOBaHO H3Mepe-
HUE TEMH-pbl [IPX HOMOIM TepMOMCTpa. B xauecTse Tepmo-
MeTpa MOXHO B3IATD JII000€ TeN0, TepPMO/IMHAMHY. HaPaMeTpPLI
K-pOr0 3aBMCAT OT TeMH-pbl. OUpPeResICHHC TeMIepaTypHOR
LIKd.Ibl H¢ OJHO3IMd4YHO M 34BHCHT OT cHocoba TpaadyHpPOBKH
TepmomeTpa. OOGIIETPHHATOR  sABnseTCA  Keavguta wKdaia
TEMII-pht, B COOTBETCTBHH € K-poﬁ TEMH-pa T H3MCpAETCA
8 rpaaycax Kenbpuma. Tipn BlanmMoaeiCTBHM ABYX Ten, UMC-
FOUMX passl. TCMN-pY, HPOHMCXOAMT HPOUECC YCTAMOBIEHHS
PABHOBECHA MEXIY HHMH, conponoxnawm}mcu Tennonepcaa-
4eH. IlpH 3TOM KOJI-BO TEIUIOTHI, OTIAHHOE OJHHM TEJIOM,
paBMo KOJ-BY TCIUIOTHI, NpHOGpeTénHoMy apyrum. Ha sTom
OCHOBHAHO KOJIHYCCTB. H3MCPCHHE nepeﬂauﬂof{ TEIOTHI MPH
TIOMOIIH KaJOpUMETpa, K-pblﬁ CIIYXHT HCTOYHHKOM HIIH CTO-
xOoM Temma. B xauccree KAJIODHMETPA MOXHO HCNOJIB30BATh
moboe TENO, TEPMOMUHAMHY. HAPAMETPBI K-pOro JABHCAT OT
KO.T-Ba nepcnammﬁ €My TEHJIOTBI.

npO[[eCCOM B T. H4a3. H3IMEHEHHE COCTOSHHA Tela ¢o
BPEMCHEM. BaxHniMu XapPAKTEPHCTHKAMH npolccca ABJISKOTCA
HDF.TDU[EI'[HOE TCJIOM KOQ.1-BO TCIJIOTh( Q. a4 TAKXe COHCPIIIEH-
Hast HajJl HHM paBGora A. OOc DTH BeNMYMHBI CyMIECTACHHO
3ABHCAT OT X0/l Tpornecca. Ofpamumbls npoyeccos Ha3. Ipo-
11ICCC, JIOCTATOYHO MC/IJ‘IEHHMﬁ JU1s TOro, 4TOOBI COCTOSIHHE
TCJlA B K'd)l(}]blﬁ MOMEHT BPEMEHH MOXHO ObUIO CHUMTATDL pas-
HOBECHBIM. PHBHOBECHOC COCTOSHHE TE€.14 }{306pa)|(ae1cu TOM~
KOH B MPOCTPAHCTRE ero TEPMO/IMHAMUY. MAPAMCTPOB, TaK YTO
obpaTumblit npotiece U306paxaeTcs HEK-pOH KpHBOM B JTOM
npocTpaHeTRe. JInA onHMcanus oOOGPATHMOro npolecca Mc-
HOIB3YIOT pAd MMdpepeHil. XapaKTEPHCTHK, B Ka4eCTBE K-PhiX
BLIOHPAIOT C/IEA. HPOM3BO/IHBIC BAONb YIOMSHYTOH KpHBOM:
TEMI0EMKOCTD

c=dQ/dT, )
K03(. TENTOBOI'O PACHIUDEHHSA
«=dlnV/dT @
H KoY. cXMMAEMOCTH
w=—dInV;dpP. (3)

PaGDTa. COBEpLIAEMAd HAA TEIOM B XOJIE Ipoleccd, MOXET
ObiTh MEXaHHYECKOH MAH WMEeTb Ap. lipupoxy. Pabota cun
JTABJIEHHA 18 OecKOHEYHO MAJIOro H3MEHENHS COCTOAHUS Tea
paBMma

dAd=—PdV. (]

Hauvana repmoauramuks. Tpu Hava1a T. spnstoTcs OCHOBOH,
Ha K-DOH CTPOHTCH ef TeOPEeTHY. ANHAPAT, DTH HAvYalla ABIS-
FOTCS FKCIEPHM. (aKTAMM, MIPOLMIE/IHMHE HPONOIXKHT. H BCe-
CTOPOHHIOW NpoBepky. TeopeTud. oBocHORAHKE ITUM QaKTaMm
aéT paszgesr CTATHCTHYECKOE HCTOJIKOBAHHE TEPMOAMHAMMKH
B cT. Cmamucmuueckas @uzuka.

IlepBoc HauaT0 TEePMOAUMHAMUKHM YTBEPXKIAET, 4TO
TIOTNOIEHHOE TEJIOM KOJI-BO TEMIOTHl  ABSETCH, HAPAIY
C COREpPUIEHMNOH Hal HHM paboToill A, Mepoii H3MEHEHHA ero
arympensed snepeun U, T. 0., nns GGCKOHEMHO MAIOTO M3-
MEHCHHA COCTOSHHA Tela

dU=dQ+dA. )

D10 PABCHCTBO ABJIACTCA BbIpa M 34KOHA COXP
SMEPrHH 1A TCPMOJHHAMHY. CHCTEM. Buyrp. Jneprus Tena
U gsnsevea q) xmen €rO COCTORNHMA, DTO AAAWTHBHAN BCJIWYHHA,
T.e. Ans mobOH MaKpOCKOIMY. CHCTEMBI OHA paBHAa CyMMe
BHYTD. dHepruif COCTaByAONMMX & noucucTeM. CoOTHOLICHHE
(5) NOKa3LIBAET, YTO KO.1-BO TEHJIOTHI {) HIMEPSETCA B DHEpre-
THY., €IHHHIEX. |-¢ Haualo T. JKBHBANEHTHO YTBEDXACHHIO
O HEBO3MOXHOCTH CO3AHMA BEYHOro JABHTaTeIs 1-T0 posa,
1. €. YeTPOlicTha, cHocobNoro copepmaTh paboTy 6€3 noTpeb-
JIEHHS JHEPTHH.

IMomumo BHYTp. sHepruu U mobas TepMOAHHaMM4. €uc-
TeMa XapakTepudyercs el OJNHOM aUIMTHBHOH ¢-mHeH co-




CTOARMA — Jumponuelr S, U3MCHCHUC K-POA npHu 6cekoHedHo
MdJIOM OBPATHMOM 11pOLICCCe CBA3AHO € HOTJIOMEHHON CHC-
TeMO# TEHIOTOH:

dQ=TdS. (6)

3neck T— abicoaromuas memnepamypa. Beipaxenuc (6) yxasnl-
BAeT NMyTh 3KCHCPHM. NTOCTPOEHHA abc. MKajIbl TEMI-P. BEJH-
ypHa T gosmknd GbITh TAKOHW, YTOGBI HHTCTPAT

AS={dQ/T 7

He 3aBHCEJT OT cMocola 1Iepexo/1a U3 Had. COCTOAHHA B KOHEY-
HO¢., VIBED*/ICHHE O BO3MOXHOCTH TAKOTO NOCTPOEHHA Hd3.
HHOTjId 2-M HauwwioM T. ;118 oBpaTuMBIX mpoieccos. ABC.
TeMH-pa T ABJIAETCS MOJIOKHTEIBLHO ONPEACICHHOR BeTHYH-
HoH. (IToHATHE npryame abitoit nieanepantypsl BBOAWTER IS
CH/IbHO HEPABHOBCCHLIX 1TOEHCTCM.) MHKCHPYS B MHTel paJie
{7) HEY. TONKY IIPONECC H H3IMENSS KOHEYHYIO. MOXKHO BBIYHC-
JHTB (C TOMIIOCTBIO JIO KOHCTAHTRI) JHTPONUEI S 1S NroHoro
PABHOBECHOTO COCTOSIHWA CHCTCMB. JI78 ONPC/IETCHHA HTPO-
THH S HCPABHOBCCHOH CHCTCMBL CIICAYCT BOCHO.1b30BATHCS
A/IMTHBHOCTBIO DHTPOINHH, T. €. BBIMHCIATL S K4K CyMMY
WMTPOMHA HOACHCTCM, TOCTATONHO MAbiX AJIA TOTO, 4TObbI
EYHTATb UX BHYTP. COCTOSHUA PABHOBCCHBIMH.

BTopoc Ha4a/10 TEPMOJMHAMHIM KK CBHICTENALCTBYET
0 HEOBPATIMOCTY 1CPMOIHHAMAY. npoiteccos. [TpH conprkoc-
HOBCHHH JIBYX TC1 TCILIOTA CAMOHPOM3BOJILHO TICPEXOMT OT
Gonce HAFPETOTO TCT, T. ¢. Teda ¢ 6oIbuiei abc. TeMm-poi,
K MEHEC HAI PETOMY Teay, T. C. TE1y ¢ MeHblIeH abc. TeMn-poi.
J1715t TOro HTO6bI HEPC/IATE TEILIOTY OT MEHEC HArpeToro Tesa
k 6oJiec HApETOMY. HEOOX0MMO COBECPIIRTL paboTy (Takoi
IPOIIECC OCYN(ECTBIAETCHA B XOIONMIBHBIX MalllMHAX). 2-€ Ha-
yaso T. MOXHO CHOPMYJTHPOBATH B BUJIE YTBCPXK/ICHUS O He-
BOIMOXHOCTH CO3/I4HUA BCYHOTO jIBMTATENs 2-TO polda, T. €.
YCTPOHCIBA, MOJMIOCTBIO NPEOBPA3YIOLIEro TEIIOBYKD 3HED-
A0 K.-1. Texd B paGory. Konuuecrs. BipaxeHWeM HeoO-
PaTHMOCTH TCPMOIHHAMMY. HPOLECCOB ABJIAETCH 3dKOH BO3-
PAacTAHMS PH [ POIIUH: FHTPOHHS IAMKHYTOH CUCTEMBI BO3PACTa-
€T (TouHce, e YOBIBAET) CO BPEMEHEM.

l-e u 2-¢ Havta1a T. MCHOIb3YIOT, B YACTHOCTH, I8 MC-
CHEIOBAHMS TAKOHOMCPIOCTEH OYHKIHOHHPOBAHHMS TEILIOBBIX
MatHHH. DG ek TUBHOCTL TCILIOBOH MAIIMHBI XapaKTEPH3YyeTCa
k02(). MONE3HOTrO JACHCTBUA (K1), P4BHBLIM OTHOWIEHHIO pabo-
Thl, COBCPINEHHON TEMIOBON MANIMHON, K TEMJIOTE, NOTEPAH-
noi HarpesatenemM. W3 cootnouicuuii (5) u (6) crenyer, yto
KHZ TEH:.I0BOH MaIlMHBL, paboUce Telo K-POH copepiliaeT 06-
PATHMBIR Kapio yuk, paBed

n=(T\—13)/T. (8)

3tech Ty;—abc. Temn-pa Harpeparcna, T,—abc. Temm-pa
xonoauabauka. M3 2-ro Hauaaa T. ciaenyer K(I[IHO meopema.
COIIACHO K-po# KT 1r060H TEMI0BOR MAIMHBI HE MOXET
HpeBocxoauth (8). rie T -—smakc., T;-—muH. abe. TeMn-po
pabouero Teaa.

CBOMCTBA TCPMOIHHAMHY. CHCTeM BOIMIM Hy:ia abc. Temn-
Pbl YETAHABIIMBAET TPETHE HAYMATO TEPMOJHHAMHKH,
COT/TACHO K-POMY JHIDOIMS JIHOGOH paBHOBECHOM CHCTeMBl
crpemutes k 0, ecmu T—0. 3-¢ Hawano T. ycramaBnueaeT
H44aJ10 OTCHET IHTPOIMH, UTO OJHOIHAYHO PHKCHDPYET ¢ i
MoBoit cucTembl. M3 3-10 Havasma, B 4aCTHOCTH, CIAEAYET, 4TO
np T—0 obpamacics B 0 Kood. TEIIOBOrO paclIMpedns
Te1a, 4 TAKKC TerI0éMKOCTL s JroGoro nporiecea. MTocnen-
Hee IIO3BOHACT J1aTh dJILTEPHATUBHYIO (JOPMY.THPOBRY 3-mMy
navasty T., coracHo k-pol abe. HyJb TEMI-pbl IKCTEPHMEH-
TAALHO HE/IOCTHAHM. DHTPOMHS ¢TEKOT H AP. HEYIIOP A, 10UEH-
HBIX CHCTEM HE CTPEMHTCA K HYJIFO NIPH OXJIAXK/IEHHH, T. K. 3TH
CHCTEMBI MCTaCH\GHJIbeL T. €. HC AB/IAIOTCA B CTPOTOM CMbIC-
7IC pPABHORECHBIMH.

TepmoinnaMuteckne norenmHanL. MeTon TepMOIHMHAMKY.
TIOTCHIHAJIOB HCMIO Ib3YFOT AJIS OHUCAHUA OﬁpaTHMle nponec-
coB. B llpDCTCﬁllleM CJlyqd€ PaBHOBECHOC COCTOSHKHE Tena
MOXHO OHHCATBH BYMS [[APAMETPAMHU, IIPH 5TOM MOXHO Orpa-
HHMUTLCS BBIPAKCHACM (4) JUIS COBECPIUCHHOH 114/l TeJIoM pa-
6oThi. M3 cootnoweini (5) H (6) nostydaem ciieil. BhIpaxeHHe
J1s G QCPCHIMAIA BHYTD. JUCPTHH:

dU=TdS— PdV. ©®

C nomowio Jlewcandpa npeobpusosaiuic MOXHO NEPEHTH OT
BHYTD. JHepruu U K [easseoipya smepout (CBOGOTHOR IHCp-
ruu) F, Tibbea onepeun G w anmaasnuu H. CooTreteTs. aud-
(BEpeHIL. COOTHOUIEHHS WMEIOT CJIC/. BHL

dF=—8dT—PdV,

dG=—SdT WiP.
dH="TdS+ viP.

TepMOIMHAMAY. TIOTEHUHATAMH Ha3. BBEIEHHMIE BBIIIE BCIH-
aunel U(S, V). F(T. V). G(T. P), H(S. P). Eciu u3becTha
nro6as W3 3THX (-1MA, TO HA OCMOBANNM COOTBETCTB. TEPMO-
AHHAMHY. ToxecTB (9), (10) MOXHO OfPENETHTH BCE TCPMO-
JAHHAMHY. XdPAKTEPHCTHKH CHCTEMBL. Tak, MpsaMbiM jiHddepci-
uupopannem F(T, V) moxHo naiéitn ¢-nun S=S(7. V),
P= P(T, V). DyHKUHOHAIbHAA 3aBHEMMOCTL P oT T 1 V Has.
spagreruest coctnogimnit. 3Has yp-HHE COCTOAHHA, MOKHO B CO-
OTRETCTBHH ¢ onpeaesieHuamu (2), (3) HaliTu u3obapuy. k0.
TEIUIOROTO PACLIMPCHHA TENIA

ap=—V "L(@P/aT) (0PaV) !
H H30TCPMHY. CKHMAEMOCTE
=—V t@er/av)rt.
Audpdepenunpys ¢-umto S, MOkHO B coorBeTCTBUM C (1), (6)
HaiiTH HIOXOpiY. TCIJIOEMKOCTE Te/d
cy=T(3S/6T)y=—T(2*F|2T?),
AHAJIOTHYHO BBIMHCIIAOT moﬁapu‘i. Teﬂ;lOéMKOCTI-
cp=—T{(6*G/aT?)p.
IMpu nepexone B AupdepcHI. COOTHOIUEHHSX OT OJHOIO

HabOpa TEPMONMHAMHY, NEPCMEHHBIX K APYromy yaobHo wc-
T0JIb30BaTh TEXHHKY akobuanos. JLI1d NBYX Map NEPCMCHHBIX

(a, b) (x, y) axobuaH pasen
oa,b)_{aa (eh) NEAYED
e y) \av/, AT

CrpabeIUTMBBI CIIE/l. TOXKAECTBA:

2o ) <g>

ey \@

E(a,i) a. b) ’(r v)
u, v (w.v)

CooTtrouleHue (|1) 1103BONAET 3ANKCHIBATD BBEAEHHBIE BBIIIC
BEMYMHBI uepe3 sKoGuaHel, a cooTHoweHke (12) mospons-
€T BBIPAXATh ITH BEIMYHUHBI 4€Pe3 HPOM3IBOIHBIE 10 NOGOH
1ape TEPMO/IHHAMUA. epeMeHHbIx. Tak, /ta uiobapwy. Tcn-
noémkoct ¢p=Ta(S, P)/3(T, P). Tepexoaa B 3TOM BbI-
paxXeHWH oT mepeMeHHpix T, P x nepemenHbim T, V no ¢-ne
(12) W HCIIOJIB3yA COOTHOMICHME MEX/Y BTOPBIMHM NPON3BOA-
ueivu cBoGoaHoR sHeprun (OP/3T)=(3S/¢V )y, MoxHo mo-
JYURTB:

(10)

(m

(12)

cp—cy=xy TV(EP/ET); (13)

AHAJIOTHUHO BLIBOJIUTCS CBA3b MEXK/Y H30TepmuYy. u aguaba-
THY. CKHMACMOCTAMH:

wr—ng=cp(TV) 1 (OTIEP);. (14)

TMpy noMouH AKOOHAHOB JIETKO HOKA3dTh, HTO

o

AHaNOTHMHOE COOTHOWEHHE HMEET MCETO T 11060H TpoHKH
TIEPEMEHHBIX, CBA3AHHLIX (by"KLlHDH'dJ‘IbHOﬁ BUBHCHMOCTLHO.

B Gonee ofueit cHTyalldH PaBHOBECHOE COCTOSHHE Tena
OTHKCBIRACTCA NMPON3IBOJIBHBIM HHCIIOM TEPMO/IHHAMMY. mapa-
MeTpOB. DKCTEHCHBHLIMH (AAAUTHBHBLIMH) NaPAMCTDAMH
Hd3. BEJIHMHHBI, K-PbI€ IIDH p'd'iﬁ"eHHH CHCTE€MBI Hd TMO/ICACTE-
Mbl Pa30OMBAIOTCA HA CyMMY HO rojcHcTeMaM, MHTeucwHs-

TEPMOHMHAMMKA
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HbIM M HCPCMCHHBIMH Ha3. BCIMYHHBI, HC 3aBHCAIIAC OT ITOrO
pa3fuenus. TepMoauHamuy. HapaMeTpel T000H CHCTCMBI
MOXHO INPE/ICTABUTL B BHJIE COBOKYMHOCTH TE€PMOIMHAMHYE-
CKM COHDSXEHHBIX JKCTCHCHBHBIX H HMHTCHCHBHBIX HCpEMEH-
HbIX. Beime 6umn paceMoTtpennl napsi (S, T) u (V, P). Em@
OAHA Hapa TCPMOJHHAMMYCCKM COHPAXKCHHBIX HEPEMEHHBIX
BO3HHK4ET NP PACCMOTPEHMH CHCTEM C HCPEM. YHCIIOM “ac-
THIL (N, W), TAC N —4HUCIIO YacTHIL, @ L — XUMUYECKUT HOmeN-
yua

N sy

dNJyry \ON/Jrp \ON

Cosepiuas HpeoGpaszosaHue Jlexanapa HO N, 1 Hag cBOOOA-
HOH Heprued F, HPHXO/MM K TEPMOIHHAMMY. HOTeHIMANy ),
mubdepeHIMan K-pOro HMEeT CIeM. BUL:

dQ = —SdT— Ndp— PdV.

TepMoIMHAMIY. HOTCHIMA () HEHOCPEACTBEHHO BBIPAKAETCH
uepes JaBieHHe M o6bém: Q= — PV. JIp. HpHMEpPaMH TCpMO-
JIMHAMMHYECKH COHPSKEHHBIX HAP IKCTEHCHMBHBIX M HMHTEHCHB-
HbIX HEPCMEHHBIX ABNAKOTCH HICKTPHY. TONAPH3ANMA U /K-
TPHY. HONE, MATH. MOMCHT M MarH, HOJle, 27eKTpUY. 3apAll
H JIEKTPHY. noTeHian. O6o3Ia4nB COROKYHHOCTh BCEX JIO-
HOJIHMT. HAP TCPMOIMHAMMYECKH COHPSIKCHHBIX HEPEMEHHBIX
(X4 Y,), IpHOEM Kk ciica. OGOBHIEHHIO TEPMOAHHAMHY. TOX-
nects (9), (10):

dU=TdS— PdV+Y Y, dX,, dF=~—SdT—PdV+)Y,dX,

a “
HT. 1
Obobwénnol 60CRpUUMYUGOCIbIY HA3. MATPHLA
‘ P a*F %G
= —— = = -

2X.0X, Jsy v

(15)
[ @n
0X,0Xy fsp

JUS K-pOid CTIPABELTMEBI COOTHOLLICHHS
(YO i), =X tin’ = —(OXulOX o)y Yo (Y ofOX Yy, =
=AHxAn' .
Tlocneanee PABEHCTBO ABAAETCH OOOBLICHHCM COOTHONICHHH
(13), (14).

M3 onpejicsicana (15) cnepyer, dro Matpuna obobGuEsnoi
BOUHDHMHMMHBOCTH X, CHMMETPHYHA, T.¢. ¢V, /dX,=
=0Y,/0X,. ITH paBeHcTBA (HApAAY C dHAJIOIMYHBIMHM DABEH-
ctBaMu 0T)0X,=0Y,/0S n PjCX,=dY,/0V) upupoast x He-
TPHMBHABHBIM KCHEPHM. CIC/ICTBHSM.

Tepmonnamuieekoe panHoBeeHe. TeopHs TEPMOXMHAMMY.
PABHOBECHS MCCACAYCT OGHIME YCIHOBWS PAaBHOBECHH I110,1CH-
CTEM, A TAKXKE YCIOBUA YCTORYMBOCTH TEPMOIMHAMMY. PaBHO-
pecus. MccnenoBanne HTHX YCIIOBMH OCHOBAHO HA 34KOHE BO
PacTaHHs IHTPOMUH, BCNIENCTRUE K-POTO DHTPOLHA 3aMKHYTOM
CHCTEMBI JOCTHUTAET B PABMOBCCHHM CBOETO MAKCHMYME.

[ycts vejio B3auMoOfeHCTRYeT ¢ TepMocTaTom (Hu-
CTOJIbKO GONBIIOH CHCTCMOI, YTO MOKHO HpcHeGpeub H3Melle-
HHEM €€ HHTEHCHBHBIX HAPAMCTPOB HPH B3aMMONEHCTBHM C UC-
CIeJTYEMBIM TEOM). YCIOBHE MAKCHMA TbHOCTH JHTPOHHH CHC-
TeMbI TEO + TCPMOCTAT IKBHBAIEHTHO YCIIOBHIO MHHHMAIb-
HOCTH CJICA. BEJTHUHMHBL

R=U—ToS+PoV=Y Y, X, (16)

a
MHAEKC 0 OTHOCHTCA K HHTEHCHBUBIM NIAPAMETPAM TEPMOCTA-
Ta, BETHYMHBL 0C3 HHJAEGKCA OTHOCATCH K Teity. CMBICH 1tociie) -
HETO CilaraemMoro B (16) 3akiiloMaeTcs B TOM, 4TO M3-3a B3a-
UMOJIEHCTANSA C TEPMOCTATOM Ha TE10 HAKIA/IbIBAETCH BHELL.
noue.

VenoBusIMH DKCTPEMYMa R OTHOCHTENBIO BapHaumi (S, V)
ABIAIOTCS PABEHCTBA

T=Ty P=P,. an

T. 0., P3AUMOJICHCTBHE C TEpMOCTATOM GHKCHpyeT abe.
TEMH-PY ¥ JABIEHHC TCT4. AHATOMHYHO MOXHO HOKA3aTh, 4TO
pasenicTsa abc. TEMH-p M [J4BTEHMI SBASIOTCA YCTOBHAMH
P4BHOBCCHA (TCHJIOROrO W Mexanud.) mobbix Ten. Ycnosus
JKCTpeMyMa R OTHOCHTEJIbHO BapHalMii X, TAKOBHI:

¥o= Yoo (18)

[pu BbiBOAE yeiaoBui paBHOBeeHA (17), (18) Hpeanoaraaocs,
YTO TEIO H TEPMOCTAT Pa3ie;ICHbI MO/BMKHOMN CTCHKOH, uepes
K-DYIO OHM MOrYT OOMCHHRATHCA TEHIIOTOH. & TAKXKE BEIHHH-
HavH X, Teno MOXKHO HOMECTHTH B aAMaGATHY. H (MJiH)
H30XOPHY. YCIIORRS, (PHKCHPYIOHIME JHTPOHHIO S H 06bEM
V Tena. B oTom cayyae S u (WiH) ¥ 4pIATOTCH CBODO/HBIMH
HapaMeTpamH. He cieayeT MUHHMHM3IMPOBATh R TaKke HO TeMm
BEITHYHHAM X, K-pbIMH 1€/10 HE MOKET OOMEHHRATLCA ¢ Tep-
MOCTATOM (H@Hp., HO HHCIY HacTHil N, CCIH HCBOIMOKEH
0OMEH 4acTHIAMH MeX/1y TejloM H TepmocTaTtom). [Ipu vero-

BuAX (17) MMHMMANLHOCTE R OTHOCHMTENLHO BAPHAUHH
X“ 9KBHBA.IEHTPFA MMHHMATbHOCTH CJIC1. BCJIHMHHBI:
G(T, P, X)=Y Yo X, (19)
«

Ecau BHell. ycioBMA (GHKCHPYIOT Ap. TCPMOOMHAMMY. Napa-
MCTpPbI Tca, To BMecTo G B (19) cnejlyeT MCIONb30BATE CO-
OTBETCTB. TEPMOIHHAMUY. HOTEHUHAT, HBJ’Iﬂl’OU.IHﬁCﬂ (b'l.lHCﬁ
ITHUX (bHKCHpOBaHHbIX HCPCMCHHBIX.

Yci1oBUE HOJIOKMT. OHpC}'lCJ]éHHOCTM R OTHOCHTEIIBHO Ma-
JIBIX BAPWAIHHA S MV IPUBOAUT K HEPABCHCTBAM

cy>0, ns>0. 20

Hepasencipa (20) RBIPAKAIOT YCIOBHS YCTOHUHBOCTH TCILIO-
BOrO M MCX4HMY. PaBHOBCCHA. [1010%uTenbHO ONpe/ienénHe-
MM SIBJIOTCH TAKKE BETHYHHBI Cp H %7y. Kpome Toro, w3
coorHoweHu# (13), (14) caenyer cp>cy. %np>ng YeroBHe
MMIIMMAJIBHOCTH R OTHOCHTENIBHO — MAlbiX  BapHALHA
X, DKBHBAJICHTHO YCIIOBHIO HOJIOKHT. OHPCICIEHHOCTH KB~
paTuyHO#H hopMel

3 28X, 8K, > 0. @1
ah
B obuiem crydac B 9MCII0 8X, CNIC/lyeT BKIIOUHTL 8S 1 8V, U3
(21) cneayer, B HACTHOCTH, HTO Y4 >0. DTH HepaBeHeTBa
MOXHO paccMaTPHBaTh Kak ofobileHue ycnouit (20).
TIpUMEPOM MOXKET CIYXHTh YCIIOBHE DABHOBECHA MHOIO-
KOMHOHEHTHOH CHCTEMBI OTHOCHTEJILHO HEK-POH XMM. peak-
uMH. M3MEHCHHE HHCIA Y4CTHIl KOMIOHCHTOB B XOje 3TOH
PeaktMH paBHo dN,;=v;dX, 31€ch MHIOCKC | HyMepycT KOM-
HOHEHTBI, i V;—“HCICHHBIC KOXP., DHTYPHPYIOIMC B CHM-
BO.IHY. 3dHHMCH XMM. PCAKLUHHM. YCITOBHC DKCTPCMAIIBLHOCTH Be-
JIMYBHBT R (R K-poil MOXHO TOJIOXHTEL Yo=0) OTHOCHTEILHO

Bapualuit X Takoso: Y=3 viit;=0, [iC p;— XUM. HOTEHIH-

i
ikl KOMIOHEHT., ARAIOTHYIIO MOXHO PACCMOTPETL YCIOBHA
dazoporo papnosecnn. Tak, YCIOBHEM paBHOBecHs ABYX (a3
SBASETCA PABEHCTBO HX XHM. HOTEHLMANIOB. JTO YCIOBHE Bbl-
lendcT Ha niockoctu (P. T') KpUBYIO (ha3OROTO panIloBecHs
P(T), ansa k-poit cupasemBo Kaanetipona — Kaaysuycd ypas-
nenue. [panmua pasnena ABYyX COCYLUIECTBYIOMMX Qa3 XapakTe-
pUMIyeTCs nosepxnocmioin dnepeucii, Bre kpusol ¢dazosoro
paBHOBCCHS cTabuiIbHOR ABIfeTCH (aza, 06IATAONIAN MHUH.
oueprueit [u66ca @, [pu oHpeaes. yC.I0BHSX B CHCTEME MOKET
peaTH30BaThes da3a, HC obNanaN@s MHUH, TCPMORMHAMMY,
TOTEILHMATOM, TAKOE COCTOSIHME CHCTEMBI HA3. AeHIIcmatuih-
Hotm cocmories. [1as ero peanusaunn ueobxommuma yeToiun-
BOCTh METacTabM.IbHOR a3kl OTHOCHTEILHO Malibix HIMCHe-
HMH BCEX BO3MOXIILIX HAPAMETPOB X, T. €. 1e06X0MMO BbI-
no:;ucHue yerosus (21). Tlocaeniee vapyuiaeTes B Touke abe.
HEYCTOHYMBOCTH MCTacTabUNbHOW dasel.

Pe.axkcayuro HEPABHOBECHOTO COCTOSHMS CHCTEMBI K PABIO-
BECHOMY PACCMATPUBAIOT B MePMOOUNUNMUKE HEPUEHORCCIBIX
npoijeccos.

dum.: @ayyep PLTyrredreiy 2., CraTHCTHISCKAS 1CPMOIHEA-
muxa, uep. ¢ warn, M. 1949 Tawmay N, Judbuwwue E M.,
CratueTpueckas huanka. 3 man, w. |, M. 1976: 3ommepdenn A,




ToPMOAMIAMEKS 1 CLTTHCTHACCKAS (HIsKa, nep. o tiem.. M, 19
Xaap /1, Bepicaain DACMCIITADIEN  LPMO I MHEL,  11ED
cann, M., 1968 KyGo P lepmoapmansuga. uep. ¢ o, M. 1970,
Cusyxun J B, OGowmil kype duookn, 2 wa, oo 21 - Topsiosar-
MHKA R Moekydaspoas guesict. Mo 1979 Tu66e jEw. B Tepaon
BamIKi, CTATHCTHUSCKAUN MeXalMKL, 1ep. ¢ anrie, Mo 1982 Jleon-
TOBEY M. AL BRgjcnne & repMOaiuMiKy, CTaTuCTnaeckas (urmka,
M., 1983, BB dededea, M. M. Nemmmgor

TEPMOUMHAMHUKA  HEPABHOBECHLIX  11POIFC
COB— 0611128 1copHs MAKPOCKONKT. OUKCIHMSL TCPMO; L
MHYCCKH HCDABHOBCCTBK potieccan. D¢ wat ranae nepan -
HOBCCHOHW TCPMOAHIAMHKOW NI 1CpMotutany
KOH HCOOPATHMBIX npoileccon

BriepBble TEPMOTHHAMHUY. COOBPAKCHUAST OLUILL 1IPUMCIICHDL!
K HeodpaTHMeIM  npereccam 3. Tomeonom  (KeibBrmiom)
B 1854, IMTociic/l0BaT. H3YHENUCE HEPABIOBCCHBIK 1IPONECCOB
TEPMOAHIAMHY. MCETO[MI HAYAN0CL ¢ palior J1. Oucarepa.
yetanosusnicro 8 1931 coorHonIenis ByauMIOCTH LI KO,
BEHOMEHOTOT U, BAKOHOB, K-PbIM HOMMHINRIOTCH  neobpasi
MBIC mporieechl. Kax caMocrosT. nayka 1. . 1L i pai
BHBaTLes B pabotax [x. Meiikcuepa., V. Hporoxuua 1 C
Ipoora,

KJ]'&CL‘M‘I ICPVIUJIMH(INIHK: ,lﬂéT NOITHOC KOIIHAeT B Oy
HHE PUBHOBCCHBIX (OBPAaTHMBIX ) 1TPOITECCon, TOTTOMY ¢E 1o
A UAIBIBAOT 1CPMOCTATHKOR, JI18 JIEPaBIOBCCHBIX TIPollce-
COB OHA YCTAHARIHBACT THMith HOPABCHCTRA. K-PHIC YRR
HaNpaBJIEHHE YTUX HPONECCOB (namp., Kijayiced nepusen-
emao). Ocu. vaua T 1L—KOTHHEC TR, U3YHICIHC [ICPUBHO-
BECHBIX [1POICCCHR MUIA COCTONAUIHA, HC CUILHO OTIRIAROLTAXCH
OT PABHOBCCHRKIX, B HACTHOCTH ONPEENICEUE CKOPCCT C Nepas-
HOBCCHBIX TPONCCCOB B 3UBHCHMOCIH OT HHCIM.  yCI0BHIT
BT. uon. cuereMel, B K-pBIX PO TCKAIOT HCPABHOBECHLIC PO~
LIECChI, PACCMAIPHBATIOT KK HEIPCPBIBHBIC CPE/ILI, 4 X Hapa
METPbi COCTOAHMSA -— KAK OICBLIE 1ICPCMEHBRIE, T, ¢ Helpe-
PHIBIKIC (-IHA KOOPAMIAT W BpeMens. [L18 Makpockoauy
OTMHCAHMS JICPABHOBECHBIX TIPOTICCCOR CHCTEMY TIPC/ICTABIISIO
COCTOSMIEH M3 DICMCHTAPIRIX 06BLEMOB ((husuicexku Gecroned
HO MAaJIbIX JAEMCHTOB CPCIILI), K-PHIC BCE HKC NACHOHKO BEIH-
KH, 4TO CONEPXAT OMCHT, Bollblnoe aue1o aactu. Coctonme
KaXA010 BBIICIICHHOTO AMEMEITT  CPR/bl  XADAKTCPHSYCTes
TEMIPOH. LTOTHGCTLIO, XHM. HOTCIULIAMI H ap. TePMOjiH-
HAMHY. TAPAMCT i MH, 3aRHCHILHEMH O KOO/ IMHAT U BPCMCHH.
KomnyeeTB. ORMCUHKC HEPABHOBECHBIX TIPONCCCOR 3AKTFOUACT-
CA B COCTAMJICHUM YP-UIMH Ou_tanca /LA dneMentapubix ofi-
€MOB Ha OCHOBC IKOHOB COXPAHCHMA MACCEL, DHCPLHI b HM-
HYMLEa, & Takxke YP-1151 Bananca 11 ponun 4 eHoMEHO 1011
YD-HHiA 175 DACCMATPHBAEMBIX MPONECCOR, BHIPAKATOFLIX 110
TOKH MACCHL, HMIY:ILCA M HEPTHH MCPEY L DATTHEN T Bl TEPMOMH-
HAMHY . TApaMcTpoB. Metostkt T. 1. 0L HOBOASIOT ¢hopMyIH-
pOBaTb s HCP'{H’!]I(‘HCCHI)IX TIPOECCON NEPROC U BTOPOC HaYd-
J1a TEPMOAHHAMHKH B 210KAILHON dopMe (8B asucuMocty oF
TOJOKCHHS LICMEITTIL CPEIB), OTYNHTL 1Y OBIIWmX tpunim
TIOB, HE PUCCMATPHBAS JIeTa.ICH BIAHMOACRCTBIS LaC tUTT, 1OSi-
HYtO CHCTCMY yp-HHH HCPeTIOCa, T. €. yP-ITHS PHIPOHHAMUKH,
TEATOHPOBOHOCTH W AUy IHI LIS HPOCTBIX W C (OKHBIY
CHCTEM (C XHM. PeakIMAMH MCANY EOMIOUCHTIMN, O YIEI0M
3M-MATH. DOACH U JIp. HaKTOPOR).

3akoHm coxpaucHKA, [ MHOIOKOMIIOHCHTIION CHCTCMBI
BOTOK  MACCly B ‘uieMenT  obeéMa  panen  pty. Liae
Pk ILIOTHOCTh, Ujx— MACCOBASL CKOPOCIT NOVOK  HACTHIT
JAHHOTO  BHAA.  CUC/IOBATCIIBHO, FEKOU COXpPUHCHTN
MACCH k-ro KOMIONCHTA HMCCT BHT

dpyioi=—divipuy ) k=1, o

JIns cyMMapHoO#t IAOTHOCTH p= ) pj 3AKOH COXPAlCIHSA
k=1
aMeeT BN Op/dr= —div(pu). (e U-— (HADOAMHAMMUY.. H.IN
MaccoBasf, CKOPOCTh Cpejibl (Cp. CKOPOCTh fICPCHOCA Mucehl),
3aBHCAU[ER OT KOOPAMHAT M Apemelid. Jlnst konucutparunt
K.~ KOMILOHCITA €= g/ 30KON COXPAUCHMH MACChl WML
BHI

pdeyidt= - divd,,

~ ey suonusé it

rie Ji=pilv,—v)

HOTOK.

I (pgrady— noZiHan, WK cyOCTAaHNHOHAILIIAN, TTPOUIBOIHAN
110 BPCMEHH.

Wincenerme HMILYJIbCA RIEMCHTapoLo 0OBLEMA MOXKCE 1po-
HCXO/IMTh 3l CUCT JIBMKCHHMSA YACTHIL BHYTP. HAdNPSOKCHUI
B Cpeie P B H BIICHD. CHD Fl ﬂﬂﬁc IBYROIIHX HQ CJTHHHILY MACChl
K-10 KOMDONCHTA. 30 KOH COXPANCHHA KM YL Ca, Npu-
MCHCHHBIA K 3ICMeHTAPHOMY 08BEMY CPCIIRI, 1T03BOIACT HOTy-

QW OCHL YP-MHS LHAPOAUTAMHKH (Hfaebe — Craokca ypatie-
HUAIR N M
pdu,ide= ~ Z P iOxE Y i Fra
LR
ric U, — JICKAPTOBBI KOMIOICHTBL CKOTOCTH v,

Day=pd,g+Tag—  TCHIOP  HAMPAKCHAR,  p - IABJEUHC,
G,y ~—covigon Kporekepa, moy— TEHIOp BAIKHX HANPSKCHIE.
30KOD CORPUHCHHS HHCDIHH a8 ICMCHTAPHBIX
00BEMUB NIPEACTUBNACT COBOR nEpace HAUa0 MEPAONUNAMUKY
8 T uo o TToTHoCTL HOAHOR )HCerH CKITAIBIBACTCA U3 1L1OT-
JIOCTH KWNCTHY. DHEPUHU po /20 O THOCTH 1I0TEIUL IHEPI UK
HOIOTIIOCTH BIY1P. YHCPTHUM Pu (JHEPTHH TCHIOBOTO JIBHKC-
HUS YACTHLL B 9HCPIHHM HX KOPOTKOASHCTBYIONIMX BIAUMOICH-
crunit). Jlns pr w3 3aKOHA COXPAHCHHA FHCPTHH MOdydacics
yp-nue HaraHca (NEpPBOE HAYANO TePMOANHAMHUKH v T.H. 1.):

+Z.Ik

Cpu
—1/ = -div(puv+J,)— ZP&’HA

vae Jy—-norok Tena, ZP,,,CU,;L\H—-pa(m'm BOYIP. -
n

cua. CrenroBaresio,

of
upskeitif, ) J #F—paboTa Bieus.
kol

BHYID. JHEPIHA  pu JMIIb
1O TS JHCPIHAL.

Vpasutenuc Ganauca MTPOOHH. Biiopoe naua.lo nepodiine-
w3 T n BRIpaKacT Gastane surponun S= [psdb (s —
ILTOTHOCTD JHTPOTIMM 1A CAMHHILY MAcChl} BCIENCT sie nocT yn-
SICHIS TTOTOKA DHTPONHM S 1 BY OKPYKAFOITIEH CPEIB H G035~
HUKHOBCHUM ¢ B CAMOM CHCTEMe BCIIE/ICTBUC HEOBPATHMBIX
llp(\]lCCC(VB € HITCHCHBHOCTLIO HCTOYHHKA (,'IOKH,'II,HOC Hp()*
HIROMCTBO N CIMMHIY 06TLEMA B €jMHHILY BpeMCITH):

HC COXPYHACTCA, COXPAHACTCH

dSjdt= — I posn dQ+ |odV,

o v

o 20, dQ— sueMelrT HOBEPXHOCTH CHETeMBbl, OTCH) 1 caeiyct
yp-HHe GuiaHea HHTponng B udiheperii. hopne:

pdsidi=—divd + o, tae Jy;=J, .., - psv.

JTH MMCEOT MECTO HeoOpaTUMBIC HPOIICCChl, O > (), JHIPONHS
(R OTJIHYHE OT MACCHI, DHCDIHM W UMIYITbca) HE COXPAHSAETCS.

B T. &, 1. HpHHHMAIOT, YTO Y/. SHTPOIIHA § ARIACTCA TAKOA
#e (-1MCH BHY (P, MCPIHY u, yA. 00BEMA w=1/p 1 KOHICH
DUl ¢, X4K 1 B COCTOAHHH TIONHOTO TCPMOJIMHAMHY. PaB-
NOWCCHA, M, CIIC/(OBATENBHO, /AJIA HEE CNpaBe/LIMBb 0DbIY-
HBIC TCPMOJIMHAMUY, PABCHCIBA (THIOTE3A JTOKITIBHOI O
pasHOoBcCcHA). DTY XKe [MMNOTE3y HCTIOJIB3YHOT n B HEPAB-
HOBCCHOM CTATHCTHY. TCPMOAHHAMUKE. TIPeMiloaraoT, 41o

TepmomHamny. gta Tls=du+pdV — Y 1, deg ocTaéren enpa-

k
RCATHBOW H TS 27ICMEHTA MACChl BIO:Ib TPACKTOPUH €ro
1S TPa. Mawe:
Lds  du il dey

o a T I

1IC RCE (IPOMIROHLIC BO BPEMCHU ABJIAIOTCS 1OTHBIMM.

J118 NIOTHOCTH NIOTOKA FHTPONIHY NOJYYACTCH BBIPAKCHIC,
FBHCAINCE OT ILIOTHOCTH NOTOKA Terna J, i 1I0THOCTH TIoTo-
xa jmdhysun Jy:

di

- Z RS,
1

A T8 IOKANLHOTO MPOUIBOACTBA YHTPOTIHH — BBIPAXKCHHE,
1BUCAICE 0T TOTOKOB W I'PATIMEHTOR TEPMOAHHAMHY. TIapa-
Merpon:

TEPMOANHAMUKA
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TEPMOOUHAMWUKA

"
=—T "} Jgrad =T ' ¥ J [Tgrad (s/T)—F |-
k=1

—T 'Y apdv,/Cxp20. (*)
b
T. 0., T0KaEHOC MIPOM3BOJCTBO HHTPOIHY BLI3bIRAETCH HCOG-
PaTHMbIMH TTPOLECCAMH TEHIONPOBOAHOCTH, AHbyIHH H BS3-
KOCTH. B CHCTCMAxX ¢ XMM. PCAKUHAMH HOABIACTCA ciié 0auH
WITeH, CBA3AHHLIA C XUM. CPOACTROM PCaKIMid.

TTONOKUTCILHOCTE TOKAJIBHOTO HPOH3BOACTBA  DHTPOMHH
{0>>0). oveBnanas u3 ¢-71bl (#), BbIpaskaeT B T.n.m 3akou
BO3PACTAHHA DHTPOTUH (RTOPOC HAYAIO TEPMOIMHAMUKH).
Bo3MOXHOE H3MCHEHHE IITTOTHOCTH PHTPOHMH BCIICICTBUC BTe-
KaHHA €€ B 3JleMEHT 0GBEMa WM BLITSKAHHS H3 HEro He
CBA32aUO0 C HEOOPATHMbIMHE TIPOUECCAMM 1 MOKET MMETL (No-
Go#i 3pak. Wurterpuporanue yp-uust Gajanca JMTPONHH Tio
00BEMY CHCTCMBI C y4ETOM () [aéT /18 TIOJHOH SHTPOHHH
S cootnowenne dS/dtz — [T~ 'J, d(), *KBuBaNEHTHOE TeOpeMe
Kapuo — Knay3uyca.

JIoka1bHOC TIPOHIBOACTBO IHTPOTIHM (*) TIPC/ACTABIACT CO-
6oit cyMMy Upou3BeneHuii TOTOkoB (Hanp., mubdy3. noroka
Jy, TCTIOBOTO MOTOKA J,. Tenlopa BA3KHX HANDAKCHHA T.5)
H COHPAXCHHBIX HM TePMOAHMHAMHY. CHIT X

a=3 J X,
i1

TepMORMHAMUY. CHibl X; IPOHOPIL, TPAJHEHTAM TepPMONWHa-
MUY, [14PAMETPOB, BbI3LIBAIONIMM HEPARHOBECHbIE MPOIICCCHI.
Benuunust J;, X; MOryT GbiTh BCKTOPAMH (TERJIOTPOBOAHOCT
H aud@y3ua), TCHIOPaMH (C/ABHTOBAA HA3KOCTB), CKANAPUMH
(06BEMHAA BA3KOCTh, CKOPOCTh XHM. peakuuu). [Toatomy co-
OTBETCTB. MPOLECCH! H3. BCKTOPHBIMH, TEHTOPHBIMH HAH CKil-
JIAPHBIMH.

(] f1or ¥p B T.H. 0. ucxoasr U3 Toro,
YTO TPH MANBIX OTKIOUCHUAX CHCTCMBl OT TEDPMOAMMAMMY.
PABHOBECHA BO3ZHHKAIOHIHME NMOTOKH IMHCHHO 34BHCAT OT Tep-
MOJHHAMHUY, CUJT H OTIMCHIBAIOTCA (BCHOMEHOION Y. YP-HHAMH

"

ana J; ZL,»,l Xi. Lg~—(theHOMeHOJIOTHY.)  Kunemuicecke

i
K{lﬂ[ﬁdil(i{ll(’}IIIIYbl. AITH Koo, HEPEHOCA (MX HAT. TAKKE OHCAIC-
PDOBCKHMH KHMHCTHY. K02¢).). B HpAMBIX Tporieccax TepMoau-
HAMHY. CHIL X, BbI3bIBACT MOTOK Jy, HUNP. IPAAHEHT TCMIT-
Pl BRIBIAACT HOTOK TERIOTHS {Meni01posodHocnIb), TPanuent
KOHUEHTPALWH — TIOTOK BeIIECTBA (Jigheh) 3uio), IPAMCHT CKO-
POCTH-—TIOTOK MMIIyJIbca (Kbl OTIPC/ICNACT  4.43K0CHIN),
WEKTPHY. TO.I€ — JNEKTPHY. TOK (2dexmponposodiocnn). Ta-
KHE NIPOLIECCHl XaPAKTePHIYIOTCS OHCAIePORCKMMM KHHCTHI.
k02d., L; >0, nponopu. koa(. TN.10NpOBOAHOCTH. TH(GYIHH.
BAIKOCTH, DIEKTPONPOBOAHOCTH, K-PbIC TAKAKC Ha3. KHHETHY,
k02¢. wan ko3p. nepemoca. TepMOAHHAMMY. CHTa X, MoOXer
BbI3HBATL MOTOK J; M TIpH [#K. HANP. TPAIHCHT TCMM-pbl
MOXCT BBI3BIBATH TIOTOK BEIRECTBA B MHOI'OKOMIIOIEHTHBIX
cHeTeMax (mepmodud@ysug, amu Cope 2P GCKT). a rpai-
€HT KOHUCHTPALHH — MTOTOK TCH.IOThI (JH(Py3HOMHBIH TepMO-
abdext. nmn Jogypa sgiperm). Takue MpoLCcchl Has. mepe-
KPECTHHI MM WIH HATATAOWIMMACA YhPEKTAMU: OHH xapak-
TepHayroTest Kooy Ly mpu f#k. C y9€TOM (DCHOMCHOTOT Hu,
YP-HHUHA fIDOM3BOCTBO JHTPOHHM

o= XilaX20
ik

B ¢cTayHOHAPNOM COCTOSHHH BCHHMMHA G MUHHMAILIA TIPH
34/IAHHBIX BHEL. YC/IOBUSX, HPENATCTBYIOUINX OCTHKCHHIO
paBHonecHs (Tipucoxcuna meopesa). B cocTosnun TCPpMOARHA-
MHy4. paBHOBecHs G =0,

Onha 13 ocH. Tcopem T.H.1.—OHcdlepd TCOPCMA BIAHM-
HOCTH, CBA3AHHAS ¢ HHBAPHAHTHOCTLIO YP-HHI ABHXKCTINS OT-
HOCHTCNLHO OOpallleHHs BPEMCHH, COITICHO K-POH B OTCYTCT-
BHC MATH. 1O H BPAUICHHA CHCTEMBI KaK UCOTO OHCHTEPOB-
CKMC KMHETHY. KOO(). JUIA HOTOKOB OAMHAKOBOH sfTiiocTn
cHMMeTpHYILE: L= L. EciM na cucremy gcicrayer sacim,
MArH, none H uiay OHa BPAACTES ¢ YIIT. CKOPOCTHID ®, TO

La(H)= L (- H).
Lylw)=L;(-w).

D710 cBA3HO ¢ Tem, uTO cuabl JlopeHna w Kopuoimea e
W3MCHSIOTCA TIPH H3MCHCHHK CKOPOCTCH BCeX wacTull Ha o6-
DATHBIC JTMILL B TOM CITYMae, ECIH OQHOBPCMEHHO MCHACTCR HA.
TIPOTHBOHOIOKHOC HAHPABIICHUC MAIH. OIS HJIM CKOPOCTH
BPACIHA (CM. Qneacepa meopeatd).

fpH onpegea. CBOWCTBAX NPOCTPANCTBCHHOW CHMMEPHH
cHCTeMbl  (hCHOMEHOTOTHY.  yp-Hul  ynporarotes.  Hanp.,
B H3OTPOMHOR CUCTCME TIOTOKH N TCPMOIWHAMHY. CH.IbI, HMC-
HOIME PA3HYH TEIOPHYIO PA3MCPHOCTL, HE MOI'YT ObITh CBS-
3aubl MEOKAY coboH  (vacTebE  caysald  Kiopu  npwinpunag
B T.1. 1). TIosToMy B MPOH3IBOICTRO DHTPOIMH MOTYT PXO-
AUTH TIPOM3BCICHAS HOTOKOB M TepMOJMHAMHY. CHI HUIb
O/MHAKOBON TCH30PHOH DAa3IMCPHOCTH: CKAJTSpBL, MOJISPHBIE
BEKTOPbI, 3KCHUIBHBIC BCKTOPLI, CHMMETPHYHbIE TCH3OPH
€ HyJIEeBbIM CIIeJIOM.
oM npusiwna Kropr x cooTnowiesnit Oncarcpa
.M. malT 1 moToka Temaa J, W noroka Ji Macchk
TICpBOH KOMIIOHCHTbI B OGHHApHOH (17=2) cMecH (heHOMEHO-
JIOTHY, yp-HHA

Jo=—L, T *prad T— L, (pyy/caT)grad ey,
Ji=—0, T 2grad T— L, (wile;Tgrad ey,
rae ¢ —KOHUEHTPAus TIepBOii KOMITOHEHTH,
Wi ={¢pua/ p7 Lag=Lg

1
Bmecto t])eHowenonmw{ xm¢) 1 @ Ly Ly MOXHO BBCCTH
Ko, TeIL 10NPOBOHOCTH A=L,/T" xoxb. xucddysus
D=L,y fpec.T, xmd: TCp\iO}lH(l)d))!HH D'=Lpcie T
xo¥p. Hiodypa D' =D
B caysac pa3koro reveHus HIOTPONHOM| KUAKOCTH PeHOMe-
HONOTHY. YP-HHE /LI TEH30DPd BATKUX HANIPAKCHUA HMCET BHA

by CU

Tap=—T1 %" Buudwv —L8,dive,
N

1 — CJIBHroBas BA3ZKOCTH.
— cumBo1 Kponekepa.

H. H. TO3IBOJIACT OMHCATH HCPABHOHECTILIE TIPOIECCH] B Npe-
PBIBHLIX CHCTCMAX. Hallp. TEPCHOC TCILIA H MacChl MEX1Y
Pe3cpByapaMH, CBASAHHBIMU KAMTMILTAPOM, MOPUCTOH cTeukol
WIH MCMOBPAHOMN, eClTH MOXHO ITpeHefpeub ofbEMoM Kamun-
JApa MK 110D B srOoM cliyqac TCPMOJAHHaAMHUY. TapdMETPhl
MCHSIOTCH  CKaukoM. Ecan BBECTH ﬂp“BeIléH]'lble BCITHYHHEBL

{—oOnmnan BSIKOCTh,

MOTOK TenAd j,=j,— » hjx (TAC j,—H3Meneuns suyTp.

TMOTOKH

k=1
—ya. IUTUTIBITHA).
O6BEMALIA

. k=12 ...n=1),

Z Wi fko TO OHM IPONOPL. TCPMOIAHHAMHY. CHTAM — KO-

oHeprun,

kajk*tkjm

”

Jv=

k=1 E
nedHbtm paanoetam AT T2 (Ap,,) rpi T ApiT, u denoveno-

JOTKY. ¥YP-HHA UMCHOT B

a-
= X Ap(Apg) ., T=AgpAp;T.

—ALATIT?
-1
Je= = AGATIT = 3 A (Bup)i i T—AenAp, T.
fuzt = A ATIT = 3 A (Apm)rpi T— A pi T,
m= |

AT=T,-T. Ap=p' —ui". Ap=p, n—1
DT yP-HUA ONHCHIBAOT HpheKT TEPMOMOJEKYIAPHOIO NuBe-
HUS —- BO3HHKHOBCIHE KOHCUHOH BClmanunt Ap /AT nipu j, =0,
Jw=0, TepMOI(y310 — BOZHUKHOBCHHE DA3HOCTH KOHIGHT-
paunit Ac,/AT npu j,=0, j, =0, Mexanokatopud. pdext—
CYUICCTBOBAHHC CTAIIHOHAPHOrO COCTOSHHS C 1IEPCHOCOM Tell-
sta npi A7 =0 1 (UKCHPORUHHOM NepenaJic AaBIeHNs A p (TpK

—pr k=12

Jv=0). T.15.n. npepbinHbIx CHCTEM 0O3BOIACT ONMCATH TAKKE !

OCMOTHYCCKOC TAHIICHUE (M. OCA10C) W DAeKInpoKuteniimeckie
S6ACHIY.

audipysHn
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T.H. M. MCNOAL3YIOT A OOLACHCHHA MH. HEPARHOHCCHBIX
SBJICHHH B NMPOBOIHMKAX, HATIP. MEPMOIACKIMPUHECKUX A8 1C~
Hutll, 2I6BAROMACHUMNGIN  AEICHULE, MEPMOZATLEANOMU M-
Hbix AgeHuii. OHa AT TCOPCTHY. OCHOBY I8 MCCICIOBAHMS
OMKPHIMBIX CHCINEM.

Bbison 3axonop T.H.I. H3 32KOHOB MEXAMHKH (KJACCHY.
M KBAHTOBOM) M TOJIYYEHHE BbIDAKCHHHA I8 KMHETHU. KOYD.
4CPed IAPAMETPB(, XAPAKTCPH3YIOUIMC CTPOEHHE BCIICCTBA,
BXOAAT B 3ajlauy HCPLIBHOBECHOﬁ CTATUCTHYECKOMH
TEPMOAHHAMHUKH, K-pasi OTHOCHTCA K T.H. . Tak xe. Kak
CTATHCTHY. TCPMO/JMHAMHMKA K TCPMOAMHAMHUKE (CM., Haup.,
Ipuna— Kydo gopavan). O6ocuoanue T. 0. 1. 119 13308 j1a-
€T KUHCMUMCCKUS INCOPUA 2A306.

Jlum.: Tlpuroxus U.. BeencHne B TePMOAMBAMUKY 1EOGPATHMBIX
1POUECCoB, nep. ¢ auri. M., [960; TepMOaHIUMHKL HEOVGPE THMEBIX
npoueccos, nep. ¢ airia. M. 1962; xe I'poor C., Muayp 1L,
HepaBROBUCHAS TCPMOIMHAMMKA, Tep. ¢ anr’t, M., 1964 Xaac P,
TepMOAMHAMMEL HCOODA IMMLIX  [POUCCCOR. tiep. € uear, M. 1967;
3y6apes 1. H., Hepanuonecmn CTATHCTIMECKAN TCPMOUHHAMHKA,
M., 1971; ,E[lepMurn ., H TePM! Teopun
70,19 H BAPHAUHOMIILIE IPHHIIMMLL, NEp. € AHLL.. M., 1974 Kuaidizep 1.

CTaTHﬂM‘{ELKaﬂ eccos, mep.
€ aB[ L. H. H_ 3vbapes.
TEPMQHMHAV[HKA HU3KOTEMIIEPATY PHOR

HJ'lA3Ml>l—pd311cd GHIMKKH TUTASMBI, M3YTalolHi obmiHe
CBOMCTBA MAKPOCKOIHY. IL1a3MEHHBIX CHCTCM, HaXOAALULKMXCH
B COCTOSHMH TCPMOAMHAMUY. paBHOBecHs. OOy paBMoOBCC-
HOE COCTOSHHC CHCTCMb! [IDH PA3HBIX IHAYECHHAX [MapaMeTpos
(masserue p, 1eMi-pa T) H306paxacTcs Ha Ha3ioBON AnarpaM-
Me p—T. [11a3MCHHBIE COCTOSAHKS BCLIECTBA SAHIMAIOT OCH.
494CTh (A30BON /MATPAMMEI W 4PC3BBIYAKHO MHOI0OOPA3HB
(cM. puc. k cT. Heudcaasnas naazsa), TepPMOTHIAMHUKA 1143~
MBI TIDOETA ML HA TEPH(EPUN ITOH AHATPAMMIL— 1PH
IKCTPEMAJILHO BBICOKHX [LTOTHOCTAX W NPH BBLICOKHX TCMIT-
pax. B o60HX MPEAC.TBIBIX CITYYasX — 30 CHCTEMBI H/CATb-
HBIX Fa30B—%ICKTPOHOB H WOHOB, HO B IIEPBOM C.1yHAC BbI-
POKACHHBIX, 4 BO BTOPOM — Kiaccuueckx. K yrum ofacram
npunerdoT o6uACTH CTab0M 1EHACANBHOCTH, B K-PbIX MCTO/IA-
MH TEODHH BOBMYUICHHH HAM/EHBI IOIIPABKH HA ClABBIC MEX-
YaCTHYHbIEC BIAHMO/CHCTBHS. B 3HAYMT. HacTH dalonod aua-
TPEMMYI [LT23M3 HEMICATIbHA, W MOCIETOBAT. TCOPCTHY. OMUCA-
HHE  BOBMOXKHO. €CTH  OCYLIECTBHMA  TICPCIOPMHPOBKA
B3aHMOJICIHCTBHSA, K4K, HATIP., B Clyude ODPA3OBUHMA CBA3AH-
HBIX 3/IEKTPOHHO-HOHHBIX TIAP, T. €. ATOMOH B HH3KOTEMIICPA-
Typuoii riazme (HIT) unu B ciiywse oGpasoBuavnA WOHHOH
PEMIETKH. B 0614CTAX CHITbHON HCHACATBLHOCTH TCOPCTHY. MO-
JIEAH ONMPAKOTCA HA PE3YJIBTATHI MIMCPCHHI. DKCMCPHMCH-
TATLHO HaHO. H3yYella YACTHUHO MOHHIOBAHHAS [LIAIMA, HC-
NONL3yeMas BO MH. IPHJIOKCHHAX. MOJIC/IbHAS OAIOKOMIIO-
HEHTHAA HIIA3MA [CTATHHO HCCIEIOBAHA TCOPCTHHCCKH.
OnnokoMnoueHTHAS HIAMA, MOIETb KTACCHY. OAHOKOMIIO-
HEHTHOH M1a3MBbl NPEICTABIISICT COOOM 111a3MY TOYEHHBIX HO-
HOB C 3apsiloM Z¢, MOMCLUEHHBIX B PABHOMEPHO PACtPCiC/IEN-
HYIO Cpeay 37eKTPOHOB. COCTOANMUE MTABMbL X4pAKTCPH3YETCS
SAHHCTBEHHAIM MTAPAMETPOM — [1ADAMCTPOM  HCHICAALHOCTH
y=(Ze)?/rkT, roc r;= [3/(4 nn,)]""¥ —cp. paccrosHue Mexuy
HOHdMH. IMnasma HeracanbHa, cciH Y> 1. TakoBa rmaMa
HeAp 3BE3x DeNbIX KApIMKOB ¥ Ni4aHCeT-THranTos CoaHeYHOH
CHCTEMBI, T/l BETHYMHbL Y MMCIOT mopsiaok 100 wiu 10, a diex-
TPOHHALIH ra3 Y HMX BBIPOKIIEH W HICAAEH.
" TepMONHHAMMKA ~ ONHOKOMIOHCHTHOH  IUa3MBf  IPOCTA
B IPEAEIBHBIX Cyuasx. Ecotu v << | (MaJlbie IIOTHOCTH, HBICO-
KHE TEMH-Pbl — /IS4 1bHAS [UTA3MA), fistazMa rasoofpaiHa, oHa
OMHCHIBACTCH AcbaebckMM  npubiamxenuem, Ha paccrosnuu
020 padupca IKpanu s rp=(4mn,Z % i kT) '
OCYIIECTBAACTCH KPAHUPOBKA 3APAAA, 4 NONDABKA K BH)Tp
JHEPrHH MAE4Nbmoro rasa paBHa AUjn; kT——(V3/2)y
B mpefesie CHNBHOH NEHICANLHOCTH, KOM/IA Y>> 1, CuNbHOE
KyTIOHOBCKOE OTTAJIKHBAHUC JIOKATM3YCT MOHBI B NPOCTPAH-
CTBEHHYIO CTPYKTYPY (KY.IOHOBCKWH KDHCTAILA). BHYTp. 3HEp-
THA K-poli O6imska k U/nkhT=—09y. Ilpumepamu Ttakvit
BEHJIEAIbHOH MA3Mbl SABNSETCS KPHCTATIH30BAHHAS OJIHO-
KOMIOHEHTHAs Ha3Ma [MPUMECH MHOTO3APSAHBIX (Z>> 1)
HOHOB B HeApaX THKENBIX IUIAHET W ABYMEDHAS OJHOKOM-
TIOHEHTHAS TUTA3Ma 3JTEKTPOHOB HA (MOBEPXHOCTH KHAKOTO
TeJHS.

O6:14CTh TPOMEXKYTOUHBIX Y MCCIE/IOBAHA MCTOIAMH Ma-
[UMHNTOr 0 JKcnepuMenTa. [lo Mepe pocTa y HApACTalOT Mex-
HOHHBIC KOPPCIALMM, 9TO SCHO OTPAKAETCA Ha BHAC GMHAPHOM
koppersil. tb-uMu Honos g{r) (puc. 1) [1]. Pacu&rbl nokasbipa-
KT, YTO KYJIOHOBCKMIl KDHCTATI LI4BHTCA UpH v~ 170,

Puc. 1. Pacurnsic  Guiapubte
KOppeisunoniLie  GyRKau  Ho-
1OB g(rir;) UPH DALTHUNLIX Mapa-
METPUR HCHACLILIOCTH 01HOKOM-
NOHCHTIOH MITAYMBI (110 TOPHIOH-
TAILHOH OCH Fir).

BbipOX/ICHHOH OAHOKOMITOHEHTHOH ITA3MOH ABIACTCS 11pH
HHIKMX TCMI-PAX IeKTPOHHAA IUII3MA HA TOJOKUTENLHO
3apmkenHOM oHe. EE cOCTOSHHE XaPAKTCPHIYET BEUYHHE CP.
MEXDICKTPOHHOTO PACCTOSHHA r,, BLIDAKEHHOTO B PajHycax
Bopa aq: r,=[3j(4mn.)}'?/as. Yepes r, Boipaxactes napa-
MCTP HEH/ICAIbHOCTH BHLIPOK/ICHHOH )IEKTPOHMOH HIA3MbI
7 2=0,543 r, (cM. Heudea.tonas niausma). K BbIPOXKICHHOW 0A-
MOKOMHOHEUTHOR Tuta3Me OHIKA HAA3Ma BATICIITHBIX DICK-
FPOHOB B METALTAX. JIIA K-PbiX 7 =2+ 6.

Mpu 7'=0 2MICKTPOHBI B CHNBHO CKaTOH MIa3Me, Koraa
ro<< |, upe/cTaBnsoT coboh cnabo nengeaibHbI ra3. Suep-
[1s OCHOBHOTO COCTORHEA B pacuére Ha OAHI DNEKTPON, Bbi-
paxenHas B Ry (PUAOEpPr PaBCH DHEPIHNW HOHM3IAMHH ATOMHU
BOAOPOIA), HMCCT BHI

Sanlry): 0.916r; " +0,062 In r,—0,096.

Crona JIAEOT BKJIAiK KHHCTHY. JHEPTHA. OOMCHHMas JHeprus
(eMm. Obmennoe s3aumodeticmsue) W pelaucienHas M. Tena-
Manoum u K. Bpaknepom (M. Gell-Maun, K. Brueckner, 1957)
Koppe.rsyuoiids ueprus. B MPOTHBONOIOKHOM  lIpeacie
#,3> 1. KOT1a DACKTPOHLI HAXOJISTCS B HOJIE MOA0KHTEIBHOIO
PABIOMEPIO PACTIPEICTEHHOTO 3aPA/id HPH HHIKHX TCMM-pax
1 HA PACETOAHUAX 3HAYHTCNBHO BONbLMX Bopa paduyea, Inek-
‘TPOILI HACTONTLKO KOPPEIUPOBAHBI, HTO OBPABYIOT 8UCHEDO-
ckutt kpuemdad, B 3THX yCIOBHAX DICPIUS OCHORNOTO COCTORA-
HUA HMEET BH/L

G r)=—3r 302

TIPUHATO CHHTATDL, 9TO BUTHEPOBCKHI KPHUCTAT ILIABUTCA (PH
r,&x20. Onnako 9Ta nudpa TpedyeT YTOdHEHHS.

TouHOC BLIPAKCHUC I8 KOPPCTsil. JHEPIMH NPH HpoO-
MEKYTOUHBIX 7 OTCYTCTBYeT. MiMecTcs neibiii sabop MHTEp-

HOJSI. (-1 N KOppe:Ifl. DHEPrHH. HAYWHAA ¢ MpOCTel-~
uici.  npeaiokeHuwoi  E. Burnepom  (E. Wigner. 1934y
&eore=—088(r,+7.8) ' Beanduna &, 4cpes cTPYKTYPHBIH

Qaxtop S(g) OAHOKOMIOHCHTHOH NJIA3MB] CBA3AHA € CC M-
JNICKTPUY. IPOHHIKEMOCTHIO i'.((]. (l)) U MOXeT ObITlL BLIMHCIIE-
1, CCAH HOCHES/THAN HIBCCTHA.

YacTHIHO HORHIOBAHHAS HEBLIPOKIEHHAR NjaimMa. Ecnu
YHEPTrUA HOHH3ALIHH aToMa { 3HAYHTENBHO MPEBOCXOANT TeMIl-
PY. ICKTPOIHO-HOHHOC B3aMMO/CHCTRHC MPHBOAHT K 00pa-
JOBAHHIO CBA3IAHHBIX IJIEKTPOHHO-HOHHBIX COCTOSHUHE — aTo-
DTO HMCET MCCTO, CCIM BbIHOJHHCTCA HEPABEHCTBO
T>>1. T.K. nosB/IAOTCA 4ATOMLL, TLIa3Ma CTAHOBHTCA
TPEXKOMMOHEHTHOR. (.  OKA3LIBACTCS  TAKKC  KIACCHYe-
CKOﬁ. MOCKQIbKY DPUCCTOSHHUE MAKC. COMMKEHHS MIEKTPOHORB
¢?{RT>> A, (A, —TeIUIOBAs [UIMHA BONHBI 21EKTpOHA). Tpéx-
KOMHOHCHTHas, HHa4Ye ropops, YaCTHYRO HOHH3OBAHHAA, NI4d3-
Ma cyweerByeT B obnmactu [ (eM. pHC. K cT. Heudedtvnas
naaima). Ona ABISeTCA HeHbIPOXKIEHHOH. Cnafoe B3anMoei-
CTRHE MCKAY OCTARINHUMHCA CBOGDHHHMH JIEKTPOHAMH H HO-
HAMH BBIMHCIACTCHA B PAMKUX TEOPHH BDBMyllleHHﬁ. YacTuyuo
HOHHIOBAHHAA TITAYMA BO3HHKAECT H MHOIOYHCI. ra3opaspsi-
HBIX TEXH. YCTPOHCTBaAX.

K(?HlleHTPHuHH CBO601]Hb1X AIEKTPOHOR, ATOMOB H HOHOB
CBA3aHbI yp-HHCM Caxa:
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S)Rrmk T W) ¥ exp{—1kT)

HaMin, ("

3aeen Y n

i «
Bene1eTBHe TaABLIOACHCTBHS TOHOBCKUX CHI CTATHCTHY
CYMM VCMHEHHOTO a4TOMA CCTL pacxopsunmies pss Hanp
NS ATOMA ROAOPOAL

3= T el
u 1
]‘MLMM]I[T(,SI M BTOPOl BUPHILIhHbIE KO,
I K. PACXONATCR MHTCrpaibl [ d*r [T —exp (L e2irkT)]. no nw
PacXOIMMOCTH  BIaMMHO  cokpamatores. KoppekTuwlit  yucr
B3AHMOACHCTBAS HCXOMUKLIX JICKTPOHOB U HOHOB NIPHBO.TH1
K TICPCHOPMUPOBKC CTATHCTHY. CYMMbI

Ay . TUTHOTHY. ¢ .
2 BHYTD. CTATHCTHY. CYMMbLE HONY W d10M

- EGRT)

L &, =Rrik

Yo ¥ 2 exp( b kT =1 8 kT
P

M K YMCHBIICHHIO JHCPIHH HOHUBALHH 1 nesmnpuy Al =c " ry,.
LS PASTHYC IKPAHHPOBUHHS
rp=Mred(n, +n)ikT| 2

Takas naasma NPECACTABIIACT CO()O“ CMCCL MINCIIRIBIY 1Q701
LICKTPOHOR, aTOMOB M HOHOB. TTotpanka K enobo;G106 Hep-
[HH MG TLIOR KJACCHY. ILGMBT 0BycuoicHa Koppeisiiueit
FUAPHK. TACTHIL

AT And 2+ + iy

ITepnntit wich O1KCbIBACT ‘]J'lHHH(IBO HOBLIE AeDaenckue Kop
peasitin Af = — 121y ;ero y! HPHBO/ AT K ¥P-HILO
COCTONHHS B BUAC Haabmona 1aKoma (AABNCHAC WHCAILILIA
4308 PABHO CYMME TIAPIMANBHLIX JBACHHH) C MANOH Tio-
NPaBKON: p= I"n,,+’Tn (1—¢ pf). Bropoit dieu nocias-
MU € OABOKDA THOH HOHHSAUACH HeuCsact

Heneannnas kiaccudeckast nnasma. Ila pue. 2
PACHETIA 3ABUCUMOCTD CTCIICHH HOHU3AIAH X
BOOPOHON ILTA3MBE OT MNOTHOCTH U TCMI-Phl

losz,

odpaxei
i)

[4] IMpu

il

Psic. 2. 3UBHCHMOCTH CECICHH HOTIHIAUKY X BOAOPOIHOH ILI4 ML Y1
) M TEMOEPATY PLI {111 PHXOBRIC KPHBoIct

wovetn (g i, oM

MILIEIX  ICTOTHOCTHX  HOHM3AIMA  ABITHCTCA  TCPMHUCCKOI
X ¥MCHULUGICTCH TIPH CRITHH (CTLEOUNIBIC KPHBBIC CIICBA) 1 BO

PACTACT NPH HATPESE 1 COOTHETCIBMN ¢ yp-HHeM Caxa. e
UCHb HCH/ICHIILHOCTH Xd]”(lKTCpH{) s IIddeLlP\?“
v=e2 el EMCPCHHS YP-HHSL COCTORIHA 1IC3HCBLIN 1APOL

CALTBIX B 110,101 PEBUEMBIX  YiPHLIY TPYyOuX. HORQL Logo
BICIONL 10 3HAMCHHH V. BJIM3KMX K CMHWUC. TUPMOHILIMIIKG
HOHACAALIOR  KNACCHY,  TUIA3MBl OJHM3KY K TCPMOIMBIMHKLC

HACATILION T143Mb]

ll]”li BBICOKHX JUTOTHOUTAX POCT CTYCHEHN HOHHLILITH BLI3RA1
CRATHCM BCHICCTRA. ITO 001CTH CHILIO HCWIACATILHON L1~
MBI COOTRETCTBYIONINE il YUACTKH KPUBBIX (CILIONIHBIC B 1P~
1O 94CTH puc, 2) ABIAIOTCH OPHEHTUPOBOBIBIMH. DNCPICIHY
CUCKTP ATOMOB ACHOPMHPYETCH. NOCKOALKY [0 HOHOB FK-
PAHUPYIOTCR 16l MATBIX PaccTOosHusx. [TocTCueHHO paanycom
IKPABMPOBALIHA CTUHOBUTCA HE ACBACBCKMI. 4 CPEjliee MeA-
HAC IMYHOC PACCTOSHME #;.

Mo sMepe SaAbHCHILCIO CRATHA MEUCINIOT HOMOYHRIEHHLIC
COTTOSIUSA, COOTBETCTBCHHO DOHHAACTCH TPAHHIL KOITURY-

ave

VML RO
KOPLERMCPY @ LML 3 OCROBHON COCTOSHHE (5, JHCPICIHAL
SARPEUEAUTCS B ATOMBL HOUS3R10 .
MO U SCpeN0A BCICUT B B METHIIAY

Mompinios, i diciesmpina ). Wavepenns
TPORPOBOY, UCTH, BbHIONCHHBLIC UPH u300aPHY. HAl PeBE KWL
KMX MCEIEIOB B OMEICCRUX TICU0 %, MUKW, 10 1ICPeXaT 13
MC AN, COCTOSHUS B Japhh MeTaios (oepexol. MorTTa)
SBAACION (1C CRATKOOODUIILIM. 0 LOBIIBHO . [LTABILIM {CM,
Fepexod senu i = Q. eRmpua |

DIKCHCPHMCITTEL YKASLIBAIOT  HA BRiCOKHE  3HANCIHS KOB-
HCH TG 3ansik. MaCTHIL B OKpPCCTIIOCTH KPUTHIL  1049¢K
Pl METEION BOSMOKIO L IO 30 KOIDICHCAIMED BCUICCTBA
B OTOH ODLLICTH OIBCTCIBCHHO CHIILIOE KYNONOBCKOC B3d-
WAOACHU TISHC,

Boipoa.iewias i

JCPORHPOBNHE ORUSLIBACTCH D IHIRHM
nelb

310 YyCNOBHE Has.
co-

LK I
KPRICPHC N
Croshie (L

13 3M2 CHILHO CKAT0L v Bemec1Ba. [TpH ch.Tb-
HOA CKTHI ACKTPOSLRS KOMIOICITA BRIPOR, KICTCH 1 CT:
IBIEOL PCN DO Iee ACul LI, 4CM BILITIC TLTOTHOC T . Bee
LICKIPOBLE B PO LIBTATC CKQIMS BCOICCTHY M CMATHS  Diek-
FPOHBLIN DOOIONCK GTOPBAHLL OSSP H 0DPUalyIot 0,H0poi:
UbIH LICKLPOBNBIA 18, FCiil Cp. paCceTOsHIC 7, MEKITY HACTH-
HAMH 55010 LR aunellIC Ryl O8O IMKH £ < d g 7. TO
TAPAMETP LHCHATE ILHOCTY 110 I‘ll(lH\lﬂ,"lCﬁC'H)MlU IMOHCE
CHLPAN T HMEST B

o
ane

LeinlPid <,

1e 2 -omeprus Depam. CreteMa 1020ARTITC B0 WDSACH-
TS TED. I OHCTL AATEKA S OT BLIPDCAICHIS, CHALHO [ICHTe-
LALIG # oOpasyeT YIopsiogeny1o pelié rky. CooTeererseino
FOMY MRIISHIE AETCH RLIPDACHKCM

A, 2o A
” AN

g 2 1 e noctasntas MaGieivima, snucnas o' Kongper-
HOM CEPY Ry P peEred. Ak, Janp LIS BHIECPOBCKHY, sueek
(CnL Baenepoieruit kprentaa ) =09 (4n73)" 2 TLiasma cuap-
BUKICCTBA 1. ¢ UPIE BHCOKHX AR ICHHAX) MO~
CHH TGRS XOI0 HI0H BILIOTE A0 HPEIBLIYAHHO BBICOKHX

prc. 1.2 K Cl Hskomeanepuni s i syia).
SRETPEMAILIO BRICOKUX JIABICHHAX CBORCTR BE:
HOMCP BXOJMT B HHIC KOM:
39 Takde yeNnonHs PedIuiy-

IO Caoto
ExH
N poioM
Lo npi
e uumpm psvioTes —ar.
Suuainwi pZ 0 0 7
HOTGSl BEHIIP.o B Hk.l|\l\ :IlLl,l.

C VNMEHLIICITHEM SLIOTHOC T BOSIMKQAIOT Hutitle ertil,
HIPU 10 04CHL BBICOKHX TEMIZPAX OCHOBHBIMH 13 HUX ABISIOT-
11 KBAITORBIC, K-PLIC B Clly'de ¢Tadoii Heol:
GUO T HOUPILBKY K AaB.ICHIK)

Ape () ey (1129

IH('II P30 i IOII]U\ 10, B K- POM BRITOJANAI TCH HEP. HIBCHCTBA
s, e 2000 10CIITOIHO IIMPOK AT TTIA3MBE [0KE
ik vemeHon (2o 1) Tl ceocli HUK. TPalpie on cooT-
BUTCTRYCT SABICHAIO po7 ¢ 2t =300 Mbap. Jlasacuus. Sima
e K 100 MOap. 3D IKCHpoBiaabl IKCIEPHMCHETA IO it V1P
BN iHAMb HOPOK AACMBEIMHA MOIUNBIMA BJPI»!B&I\‘IK.
B YrHY s GOBHAS HPOCEPRICTBEIHOC PACHPEACICHHE I TEKTPO-
HOB U FHOBHICS HCOHOPOHLIM, NOCKOILEY OHH TPHTHIYBAS
VO rCd kostapist. CYIICC TRCTIIO, M0 KAKAOC SAPQ K HHPYCTeS
CBOIME 7/ LICK TPOTHIMIL W UL PDE3OHBACTCH TTa COBOKYI-
AOUTL i ETEHCIIMLIE SUCCK.

B iaron suecuiios puBIAACing  Cadoncooponas
g vlicanac et Jontaea —— depan stemoooat. Yp-tive To-
s --Depn. peniieoe B kotedHos  ofLive  siacikn
(4 3y onbcsiract aTtomM B ovkarom coctasauun. fpu HTom
CONPUHSCIUS ABTOMOLC IOCTE B0 Z. B 0B11acTy LIWIKHX Tab-
cennit meros Tomaca - Mepmu, fAdake ¢ yaEToM 0OMCHHBI,
KBOHTOBLIX 1 e oppelisin llj)ll)kﬁl\'lnh‘ JICE 1OJIBKO Ka4CCTB,
OTIMCATIHC YCPCAHCHHBIY XAPAKTCPHCTHR, K-Phic M3MEPHIOTC
1PH H3ODH EPOTMML RICHIMPEHUE KOH/ICHICHDOBAIION O BCULCTS],
HPCABAPHTETLIHO CKATOTO B PUSOIPeroro Bo IPoHIC
BoapLl. Ha puce. 3 upeicrasicna niodapa 00bEMa 11, TIPAXOIL
HICTOCH Hi OAHB aTOM BelleeTsa |5 | Kpusas, iposeciitas mo
IKCHEPHM. TOUYKIAM. OTPKACT OCIIHLIANEH, BbISBAHHBIC obe-
ToaeiiaMi xR tavi, 00y I0BACIINMYE T THCKPCTHLM

CHCOMEDUDbIC
HOPOTIOCTH

-

viTapHoi §




Pue. 3. 3aBdcumOocTH H300apbl 00b-
EMd U, [PHXOUAIEIOCH Ha OOHH
WIOM BEILECTBA, OT BEIH'IHHbL $Upsi-
sa Zi MT® —pacuér meroom To-

v

200 wre
0 // Heon
i

50 Maca —Depmu: MOII— pacuér
30 p=| Méap MCTOAOM  OYIKUROHARA  ILIOT-

IHOCTH: OCLM:LIHPYIOU(@s KpHsas —
0 ] 002 IKCICPHMEHTATIbHAS

cnekTpom 3HepruH. KpuBas, paccuuranHas Metomom Toma-
ca—Mepvu (MT®), uepeitaT ycpeaHEHNLIK X0 v{(Z).

Ha pHe. 3 mpcacTaBiieHa TAKXC 34BHCHMOCTh v (Z), nony-
YeHHas! ¢ MOMOILBIO OJROCO H3 IPOCTCHIHUX BADHAHTOB METO-
Aa {(pYHKUMODENA 1OTHOCTH (M®TT) TCpMOAHHAMITY. TOTEH-
NHATd. DTOT MCTO Haub. MEPCTIeKTHBCH; OM MO3BONAET OHH-
caTh TEPMO/IMHAMMKY CKATOH IL1A3Mbl B (LMPOKOM JHATIA30HE

MdPaMCTPOB.
Aum.: 1) Ichimaru S, Strongly coupled plasmas: high-density
classical plasr and degenerale electron liquids, «Revs Mod. Phys.»,

1982, v. 54, Ne 4, p. 1017: ) Doprop B. E, Axy60os U T., Henue-
WIBHAR 11143Md., M 1994: 3) Beacnos A, A, TepMOAHHAMHKA 11147
Mbl, B cO. Bonpou»l TCOPHH 1L ld']Mhl moa pea. M. A, JleoHTOBHYA.
B. 1, M., 1963, ¢. 273 4) Kpedr B.-J.. Kpemo [, 36eannr B

Pénxc F.. Kmuloadu CTATHCTHKA CHCTCM 3aPSKENHbIX T4CTHIL, NCp.

cunrn., M., 1988; 5) Kupxuuw d. A, Jlososnk KO E.. Wnara-
koBckad 1. B, CTaruCTHUECKds MoOeab Bewlecrnd, «Y®OH», 1975,
T 117 ¢ 3 M. T. Hxvios.

TEPMOAMHAMMKA TOHKHX )KHZ(KHX NJAEHOK —
pasnen TCPMOIMHAMHAKM, H3YHAIOWMH CBOHCTBA TOHKHX KHI-
KHX TUIETIOK W YCTAHABIHBAIOLUMA B33MMOCBS3h MCXKIY pac-
KNMHHBAIOUIHM JIABIEHHEM W JIp. TEPMOIMHAMMY. TAPAMET-
pavu U d-umamu. [loapoGuec cM. Toukue dcuokue naénxu.
TEPMOIMHAMHNYECKAA BEPOATHOCTb — uncno
¢nocoboR W, K-PHIMH MOXKHO pea/In30BaTh AdHIIOE MAKDOCKO-
THY, COETOAHHE (PU3. CHCTCMBI, C/HAMUCHINYECKUTl 6e¢ MAKPO-
ckonuy. cocrosHus. TMockonsky W> I, T. B. He sBiseTCa Be-
POATIOCTBIO B OObMHOM cMbicsie. T. B. CBS3aHa ¢ onmponucii
cooTHomienuem bosibiiMana S=klnW. B ciydac macanbHeix
14308 T. B. JI€IKO BLIYMCIAETCS. BesiMuMHA SHTPOTMH H, Crieno-
BarenbHo, T. B. 3dAHCHT OT THIA CTATHCTHKH, K-pOH MOJYHNA-
HOTCH YacTHUbl (CM. Boabysvana cmamucmuxd, Bosze — 3anu-
meina cmamucnuka, Pepsu— Hupaka cmamucmuxa). Ins
peabHbIX cHcTeM T. B. MOXHO OUETHTD 110 BETHUMHE crmaniuc-
muueckoi ClMAtbL l Hanp. ans KynOHUYECK020 pﬂLIlpede/lB”llﬂ
Rioocy S=—(CF{6T)p n, 118 F—ITeapmeoasya onepeus, V—
00bEM creTembl, cojieprkalter N vactHi. Korja uucno N pe-
Ko, T. B. CTRHORMTCA OMEHB DOJIbIIOH: Hexp [No(8/N)],
Te &-—3HCPTHA CHCTEMul. B miep. MOOUHAMUNECKOM npedese
(o, N>, N=const) T. B. IKCNOHEHLMAILHO PACTET
C yBeHYEHHEM V. . A. H. 3véapes.
TEPMOAMHAMUYECKAA CHUCTEMA —coBOKYIMHOCTD
MAKPOCKOIIHY. Te, K-phl¢ MOTYT B3aMMONEHCTBORATL MEXIY
cofoii 1 ¢ Ap. TeaMH (BHEUI. CPe/0#)-— OOMEHHRATLCS C HH-
MH 3HCPrHel U BeinecTROM. T. C. COCTOMT M3 CTOJb OOJBHIONO
YHCIa CTPYKTYPHBIX HACTHI (4TOMOB, MOJCKYN), uTo €€ co-
CTOSHHC MOXHO XapaxTepH30BATE MAKPOCKOTMHY. MApaMeTpa-
MH: TUIOTHOCTHIO, JARJEHHCM, KOMLEHTPALMeH Remects, 06-
pasyrotumx T. .. v T.11.

T. ¢. HAXOIHTCS B PABHOBECHH (CM. Pugriogecue mepioduHa-
MUYECKOE), ECITM NAPAMETPBI CHCTEMb] C TEYCHHCM BDEMCHH Me
MEHAIOTCS M B CHCTEME HET K.-1. CTAlMOHAPIBIX TOTOKOB
(TemnoTel, BewecTBa M ap.). Jlng papnosecHbix T. ¢. BROUTCS
TIONSITHE N1eMAEpaMypot KAK napamempd Cocmosus, MMetoLIe-
r0 OJIUHAKOROC 3HAYCHHE NS BCEX MAKDOCKOHHY. YaCTeH CHe-
TCMbl. YHUIO HCIABHCHMBIX MADIAMCTPOB COCTOANHA DUBHO
MHCILY cmenencli caododer T. ., OCTAIbHBIE NAPAMCTPbl MOTYT
OBITb BBIPAXKCHBI MCPE3 HE3UBUCHMbIE € TIOMOILBIO yPASHCHUS
cocmonnus. CBolcTBa papnoBecbiX T. ¢. H3ydaeT mepsoduna-
MUKG DABHORECHBIX TIPOLECCOB (TEPMOCTATHKA), CBOHCTBA He-
PABHOBECHBIX CHCTEM — MIEPMOOUNAMUKA HEPASHOBECHBIX NPO-
yeecos.

B TepMOJMHAMHUKE PACCMATPHBaIOT: 3akphitbic T. c.. He
OOMEHHBAIOLUMECS BEUIECTBOM € JIP. CHCTEMAMM; OfHKDbIIbIC
ctiemessl, OOMEHMPAIOIIKCCS BEILECTBOM H 3HCPrHeit ¢ ap.
cHeremamu: aiMabaTHbie T. €., B K-PBIX OTCYTCTBYET TEM-
J00DMEH € Ap. CHCTEMAMH; HIOJNHMpOBaHHBIE T.cC., HC

OOMEHHRLIOIIHCCA ¢ AP, CHCTEMAMM HH DHEpPrueH, HH Belie-
cTBOM. ECIH CHCTEMa HE H3ONHPOBUHA,. TO €¢ COCTOSHHE MO-
HET HIMEHATHCS; W3MeHenue cocloauns T.c. Has. Tepmo-
NMUHAMHYECKHM Hpoucccowm. T. e. MokeT ObITh (pu3ne-
CKH OJHOPOJIHOH (2omocennol cucmesoil) 1 HEOIHOPOOHOH
(2emiepozennoil Cucmemon), COCTOSILEH M3 HEEKOTbKHX OJIHO-
PONMBIX MACTEH C Pa3HbIMM (PH3. CBOHCTBAMH. B pesynbTaTe
(a3oRbIX M XKM. TIpeBpallienuil (cM. Pazogbii nepexod) romo-
rcHHas T. c. MOXKET CTaTh TETEPOTEHHOM U HaoBGOPOT.

Jum.: dnwrein T C., Kype TepMOIKHAMHUKH, Uep. ¢ anla, M.—
J., 1948; JlecontoBuy M. A, Beacude B TEPMOIKMAMAKY, 2 H3A.,
M.—J1, 1951; CamoinoBHY A, T, TepMOIHHAMHKA H CTATHCTHYE-
cKan usnka, 2 B3, M., 1955,
TEPMOANHAMHWYECKASA TEMIIEPATYPHASA IIKA-
JIA —cm. n er. Temnepamypnan wkdaa.
TEPMOAMHAMHAYECKAA TEOPMSA BO3MYIEHHA
(CTATHCTHYECKAA TEOPHA BO3MYIUCHHMI) — MeTON NPHONHKER-
HOTO  PEryJsipHOrO BBIMHCIACHMS CBOOGOJHOH 3HEPTMM (MM
K.-Jl. JIp. TCPMOJIMHAMMY. BENHYMHBI) (M3. CHCTEMBL dHA-
JIOTHYHBIH g03Mywenuil meopuy NS FHEPTHH OCH. COCTOHHHA
R KBAHTOBOM MexaHuke. [MocTpocuue T. T. B. mpeanonaract
BO3MOKHOCTb Pa3OHEHHA TIOIHOTO eamusbmonuana H nanaol
KBAMTOBOH (IM3. CHETEMDI (MNH COOTBETCTBEHHO lamutvmona
@ynxyuy AN KIACCHY. CUCTEMBI) Ha CBOOOAHBIA (HYyJieRo#)
FdMHILTOHMAH /{y M FAMUNLTOMHAH B3aHUMOJEHCTBHA AH .
rae KOHCTAHTA CBSI3H A MOXET ObITh, BooOlle rosops, He
mada. Cornacio T. T. K., cBobonHas dHeprus F (cM. [eapm-
204Ya JHEPeUA) TAKOH CHCTEMBE MOXET OblTh Mpe/cTaBleHa
B amIMTHBHOH ¢opme F=F,+F,, rne F,, mno npennono-
KCHHMIO, BBIMHCINETCH TOMHO, a F| umeer Myl BeckoHeunoro
painoxenus (pana) no crenensm PA, rie f=1/AT, T—abe.
TeMi-pa. QMEBUIHO, YCIOBHA CXOAHMOCTH MOROOHOrO psiaa
TeM nydiue, vem cnabee R3aHMOACHCTBHE A M BBIlE TEMM-Pa
7, XOTs CTPOTHE KPHTEPHH CXOAHMOCTH pAnos T. T. B. B 06-
ILIEM CITydde OTCYTETBYIOT.

T. T. B. OCHOBaHA T HOPMATLHON aHANOUHH Mexay Wpéoun-
cepa ypasneruesm QA BONHOBOW Q-1MM cucTeMbl M Biaoxa
ypastenues [NA CTATHCTHY. ONEPaTopd P KBAHTOBOTO KaHO-
HHY. (MM GONBIIOro KakoHM4.) pacnpeacnenus Tu66ca ans
TOH ¥e chcTeMbl. Yp-uue Bnoxa @p/dB= — Hp ¢ Hay. YCIIOBH-
eM plg-o=1 mony4aercs u3 yp-nus lllpénunrepa hopmanbuoi
3dMEHON BPEMEHH ! Ha MHHMoOe BpeMst B/, B pamkax T. T. B.
peuicHHe ans p, cornaco T. Manybape [l], Hinetcs s BHAe
p=poS(B) ¢ Hay. ycaoBem S(0)=1, rie S(P)—T.H. TeM-
nepaTypHas S-MaTpMua, HMEIOWAs BUI, dHATOTHYHbIH
Mampuye paccesnta B kaamonoﬁ MeXaHHKe:

S(B)=rPexp[— If B)dB]
HIH - (71)”‘ o on
S(B)= 1] TP (o1 (B1)- (B (D)
roe
K1 (B)=cxp{Bso) H exp(—BH )

—aMHILTOHHAH #'| B NPECTABICTIMH B3aHMONEHCTBHA MO
MHHMOMY BPEMCHH, P— OHEpATOp «XPOHOJIOTHY.» YNOPSAMIO-
YeHHA TO0 MHHMOMY Bpemend (B, >p,>..>p,). Torna nas
K4HOTIHY. {MJIM COOTBETCTREHHO O0.IbINON KAHOHHY.) CTATHC-
THY. CyMMbI JIaHHOH CHETeMbl Z=exp (— BF) nmecMm

Z=Spp=SppoS(B)=Zo(S(B)o, 2
rae BBC/CHBI obo3naveHus Zo=Sppo=exp(—PBFo).
{.>0=2Z5"Sp(po -..) — TEPMOIUHAMMY. CPCAHEC 7151 CBOBOA-
HOH (HEBOSMYIUEHHOH) cHCTeMbl. Bprumesicume Z CyliecTBENNo
ynpowaetcs Onarogaps Hanmunwo ans (S(B)>o Teopcmel
O PAIOKCTHH 1O T.H. CBH3HBLIM CpPEOHHM (Kymy-
amnmas),  HPHBOAMILEH K JKCIIOHEHUMANBHOH  dh-me
{S(BYo=exp{S(B)o,.. roe ¢—muugexkc caa3HocTH. Torma,
norapupMHpys  (2), HaxoaMM, 4¥TO HckoMas mobGuaBka
F; X cBoDOAHOH dHepruM [ TNEeBO3IMYILEMHON CHCTEMBI
HMeeT BHIL

F\=F—Fy= 7%(an—InZ.-,) —[]3<S(B)>u.c. 3)

TEPMOOAUHAMUYECKASA
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O, BLIUMCIEHHE CBS3HBIX CPEIHHX B KdXIOM TOPSIKE
paznoxerus (1) s S(P) (a Takke HACTHUHOE CYMMHPOBAHHE
K.~JI. TOMNOC/ENOBATENbHOCTER ICHOB 3TOr0 PA3JIOKEHHS)
HPOBO/JMTCS, KAK HPABHIIO, C UCTIO/Ib3OBAHUEM Ipadud. TEXHH-
KM, BIOJHE aHAJIOTMYHOH TeXHHKe Pednmand duazpamm, rae
BMECTO HPWUYHHHBIX ¢-Uii TPUHA, XdpaKTEPHBIX AN KBuH-
TOBOM TEOPHH HOJIS, HPHMEHAIOTCA T.H. MaluyGapoBCcKHE
¢-nuu TpuHa (CM. [puna GyHkyua B CTATHCTHY. QU3 H-
k¢). B pamkax T. T. B. uMeeT Mecto Teopema (Yopn u Jlart-
THHXEp [2]) O CTaUMOHADHOCTH (TOYHEE, MHHHMAJILHOCTH)
¢yukunonana €cBOOOMHOM 3HEPIrHH F MO OTHOHIETHIO K BAPHA-
uusM HOMHCH ¢-1uuM [hUKa KM MACCOBOTO OHEPATOPA; YacT-
Hblft cTysalt STOH TEOPEMBl, COOTBETETBYMOMMH 060GIEH-
HOMY cpediieco nois npubauxceruo, 3KBHBATCHTEH T.H.
CTATHCTHYECKOMY BUPHAUHOHHOMY HPHHIHUNY
H.H. boronw6opa (1956), COrJIacHo KOTOPOMY
Fmin{Fo+<{#)o}. Cormacue 3roii Teopeme, Ans
F| MoxeT GhTb HOMYYEHO (POPMATBLHOE 3aMKHYTOE BbIpame-
MHC B BHJE T.H. HHTEIrpana HO KOHCTAHTE CBA3H (CM.,
HaHp., [4, 7]), 4epes HOJIAYIO 3IICKTPOHHYIO ¢d-uuro [puna
G M COOTBETCTBYIOLMA MaccoBLlit OHepaTop M, Him wepe3
TnoNHYW (oHonHyl ¢-tmio IpuHa D, H COOTBETCTBYIOLUMH
nonApu3an. oneparop I, cnea. BHAA (B CHMBOJIHY. 3aHHCH):

={*dx' /)G My wnn Fy=["(dV' /A) Dy T,
o o

TIpakTHY. BRIMHMCIICHHE CIIATAEMBIX, BXOMSIIMX B OCH. -NIb
T. 1. B. (1) 4 (3), oCHOBaHO OOLIMHO HA 32NHCH [AMUIIbTOHHAHA
B3aMMoeHcTBUS H (| B HPEACTABJICHHH BTOPHYHOIO KBAHTOBA-
HHSl ¢ HOMOLUBIO depMu-, §o3e- M naynu-onepatopos. Co-
OTBETCTBEHHO NPH BLIMHCIEHHAX cpeaHEX B (3) u (1) HCHOMb3Y-
€TCs TEMHEpATYpHoe oGobiuenne Buka meopembi 0 CHApHBA-
HUAX, AokasaHHoe K. Bioxom u e MomumnHcHcoM (3]
A depMu- W Ho3e-onepatopoB M C. B. TaGnHKOBBIM
u B. A. Mockanenko [5]— ans naynu-oneparopos. [TocTpoe-
nue T. T. B. AN KaaccHd, (M3, CUCTEM CyIICCTBEHHO ynpolla-
€TCSl HO CPABHEHHIO ¢ KBAHTOBBIMH Garofiaps ToMy, 4To ANs
KOMMYTHPYIOLUHX B 3TOM Cliydde INpH JIOOBIX 3HAYCHHAX
Bi comnroxuTerer H# ((P;) pennunna S(B) TpEBpALIACTCH M3
XpOHOTOr . P-3KCHOHEHTEI B OOLIMHYIO, IS K-POH KyMyJIsiH-
Th F4 m1060r0 HOpAAKA BRIMHCIAIOTCH 3HAYHTELHO HPOILUE;
HaHp., B IEPBOM HOPSAKE HO BBaMMOﬂeHLTBMlO FO=0H Do,
a BO BTOPOM Fi=(—A*B/2)((#'1—(H 1> 0)*)o. CymecTByeT
06obwende T. 1. B. Ha Cyuail BOZMYWEHHH H;, ABHO 3aBHC:
LUMX OT BPEMEHH ! (HAHP., HPH BBIMHCICHUM (-1l JHHCHHON
PEaK(HH CHCTEMBI HAa TAaKOC BO3MYIIEHHME, d TaKKEe KMHETHY.
k02 MLMEnTOB, cornacHo fpuia— Kybo gopsyrasm). B aTom
C:lyqae npu MOCTPOSHHM aHAJIOra S-MaTpPHILl AJIsl HEPABHOBCC-
HOIO CTATHCTHY. OHEPATOPA HCHOJB3YETCA KAK MHHMOE, T4K
M OOBIMHOE BPCMS, T4K YTO COOTBETCTBYIOLIAA AMATrPAMMHAH
TeXHHMKa 3HAUMTCIBHO YCIOXKHSCTCA (cM., Hanp., JI. Kananos,
. Beiim [6]). .

[Tpumeps! Hpumenenus T. T. B. ANA pa3n. THNOB GH3. CHC-
TeM (HaHp., AT HEMACATBLHRIX T430B HH3KOH HJIOTHOCTH C KO-
POTKOACHCTBHEM — T.H. Td430BOC NPHO THKET U € WM LA
CHCTCMBI YacTHI C JaJIbHOACHCTBYIOIIMM KyJIOHOBCKHM B3a-
MMO/IEHCTBUCM — T.H. HI43MEHHOE HPHOTHKEHHUE) HO-
NpOGHO paccMOTpeHbl B MoHorpadmu [7] (CcM. Takkc B CT.
Bupuasnoe pazsoxcenue, Maiepa Ouazpammpl B CTATHCTHY.
¢usuke). T. T. B. WHPOKO HCHONB3YETCA TAKKE MJIS aHAIM3A
H3. CBOKCTB CHCTCM, OHHCBIBACMBIX CRUNOBbIM 2AMUABINONUG-
HOM, BBHINIE KPHTHY, TOYKHM (PA30BOTO HCPEXOAd; HAHP., ANA
CH/ILHO MarHUTHBIX CHCTeM [8] CTPOATCS T.H. BLICOKOTEM-
HepaTypHBIE PA3/TOKEHUS /Ui HAMATHUYEHHOCTH, BOC-
TIPHUMHHBOCTH U T. 11, K-pbl€ 34TEM dHATINIHPYIOTCA METOIOM
Hade annpoxcustayuu ¢ UeIbIO HAXOKACHHUS KPUMUNECKUX RO-
Kazame.aed.

Jum.: 1) Malsubara T., A new approach to quanturc-statistical
mecharics, «ngr Theoret. Phys.», 1955, v. 14, p. 351;2) Luttinger
J. M., Ward J. C., Ground-state energy ol the many-fermion system,
«Phy: Re\ », 1960, v. 118, p. 1417; 3) BlochC,,De DominicisC.,
Undeve!oppemcnl du potentice de Gibbs nombre de porticoels, «Nudl,
Pbys» 1958, v. 7, p.459; 4) Bonu- Epyenuq B.J1, Tabaukosn

. B., Meroa d)yﬂxuuu Fpnﬂa B €TaTHCTHYECKOH Mexauuke, M., 1961,
§ 12: 5) Tabnukos C. B, Mockanenko B, A, Tcopemaocrarnc-

THYECKMX CDENHMX I8 mayiH-omeparopok, «[fAH CCCP», 1964,
T. 158, ¢. 839.6) KunuunorJl, beim I, KBUKTOBUSA CTATHCT HYECKUs
MEXAHHK4, TIEp. C aHliL., M., 1964. 7 Aopnuo«.oh A A Topukos
L, Assnomwsnckuit M. E., Meroanl KsalTosol 1€0pHM 11014
B CTATHCTHYeCKOR (u3uke, M., 1962; 8) Tabnukon C. B, Mcroas
KBJHTOBOIN TEOPHM Mariieruomd, 2 ua1, M., 1975 FO. T Pydoic
TEPMOAUHAMMMECKUE TAPAMETPbl —cMm.  [lupa-
Mempsl COMOINLA.
TEPMQAUHAMMYECKUE NOTEHLUM AL — ¢-1iun
06bEMa, TEMH-PBl, J4BJICHHA, HIOTHOCTH H JIp. NapdMETPOB
MAKPOCKONHY. TepMOAWHAMMY. cucTeMbl. K T. 1. oTHocsres
BHYTP. SHEPIHf, JHTAJIbHHS, IHCPrUs [E1bMro.Ibla (cBoboaHas
sHeprus), sueprus [466ca u 1. 1. Moapobuee cm. Homenyuaan
mepmodunamuueckue, Tepmodunamuxa.
TEPMOAUHAMUUYECKHUE CTEITEHW CBOBO/Ibl —cu.
Cmenenu c60600bt, Ii66ca npaguao gpas.
TEPMOIUHAMWUYECKUHA TIPEAE-— npenen oTnoIle-
HMHS 3KCTCHCHBHBIX TEPMOJHHAMHY. BEJIHYMH K YHC1Y HACTHI|
N (umH 06béMy V), koraa N cTpeMHTCH K GCCKOHEYHOCTH TPH
dbukcapoBaHHOM ya. ofwéme v=V/N. Hanp., quis csoboqnoi
aneprun (feavareoaoya snepuu) F(T, V, N) T.n.

hmF(T V. NN =f(T, v)

rae T*TeMn-pav S(T, 0)—cROBONHRA MWCPIud Hil OJIHY Yac-
THLy. Cymectopanue T. 1. B cHCTCMe B3@HMOACHCTBYFOHIHK
gacTHU mokazano JI. Ban Xosom (L. Van Hove, 1949) s
Kanonuveckozo pacnpedescnus Iupoca v Y, Anrom u T. Jlu
(C. N. Yang, T. D. Lee, 1952)— 0115l §0.461020 KdlOMUYCCKO20
pucnpedesenusn 1uboca,

Aum.: Proais A, Cravkernyeckas Mexanuka. Crporse pesyns-
TATbI, Hep. € aHri., M., 1971, ro. 3. ) A H. 3youpes.
TEPMOAUHAMMUYECKOE PABHOBECHE —cm. Pugrio-

Becue mepMOOUHAMUNECKOe .

TEPMOAUHAMHYECKOFE. COCTOSHUE — pasnosecroe ‘

MAaKPOCKONHY. COCTOSIHHC — MEPMOOUHUMUNCCKOR  CUCIMEMB,
K-pO¢ (PHKCHPYETCSA 34JAHHCM HAPAMCTPOB COCTOSIHHS, HDEK
CTaBJAIOUIHX COGOH HIMEpHEMbIC MIKPOCKOTHY. IPHEOpaMH
Cp. BCJIMMMHBI ONPCAEN. HaBOpa XapaKTEPHCTHK CHCTCMBI,
KOHKpETHBIH BBIGOD 3THX MAPAMETPOB HEOIHO3HAYEH M OHpE-
JAENAETCA TCM, KAKHM CIOCOBOM PACCMATPHBAEMAS PaBHOBEC-
Hafg CHCTEMA BBIAEIIAETCA K3 CPEBI OKPYKAFOIIMX € Tel M /Ip,
CHCTEM (T. . BHIOM KOHTAKT4 CHCTEMbl H OKpyXeHHs). OObly-
HO HCHOJIb3YCTCH OJIMH M3 YCTBIDEX BAPHAHTOB TAKOro BbiDO-
pa: 1) anHaBaTHYCCKH M3OTMPOBAHHAS CHCTEMA (CHCTEMA BhI-
JAeNeHa CTeHKAMM, He JIOMYCKAOIMMH uepe3 cehs HOTOKH
BHEPIHH M YACTHIL) — GHUKCHPYIOTCS JIEPrUs CHCTCMBI f, OOLEM
V, uHCNO 4acTHI N H BHETL 1toJls X 2) CHCreMa B TepmMocrare
(CHCTCMA BBIICNIEHA € TIOMOLIBIO TEHJIONPOBOISLMX CTEHOK
W H4XOMUTCH B PABHOBECHH C JIP. TCPMOAHHAMHY, CHCTEMOH,
BRINOHAIOLIER POJIb TEPMOMCTPA HIIH TEPMOCTaTa) — (PUKCH-
pytorcst temn-pa T unn @ =k T (sucprus & yxe He QUkcHpyel-
cfl TOYHO), a Takke V, N, X; 3) cucreMa saiacneka Boobpaxa-
CMBIMHM CTCHKAMM (BEIHYHHBI & H N TOYHO He (DMKCHPOBA-
HBEI)—B K4YECTBE NTAPAMETPOB COCTOSHHS HCTIONBb3YIOTCH @,
V. X ¥ XMM. HOTCHUHAT {(; 4) BAPHAHT 2, HO C HOIBUKHOHA
CTEHKOM {CHCTEMA «NOJ HOPIIHEM», BHIHOJHAIOUIMM PO.Ib Me-
MOpanbl MaHOMETPA, 00BEM V yXKe TOUHO MC (PUKCHPOBAH)—
H2paMCTPAMM COCTOSIHHS ABIsIOoTC ©, maBnacHuc PN u X,
B TepmonmHamuy. npenene, N— i, V' /N =comnsl. nce 9eThipe
BADMAHTA OKA3BIBAIOTCS 3KBHUBAICHTHBIMH, T. K. DPA3JIU4Hi
B IPAHUYHBIX YCIIOBWSX HPOSBISIOTCH KAK MCriDAHTHPOBAH-
HEIE MaJible IOHPABKH.

ITpu BEIGOPC MapaMETPOB B BAPHAHTC | nomenyuaio.m mep-
MoQunamudeckum, colepxalmm B cebe BCIo MHpOpPMaLH0
O pPaBHOBECHBIX CBOHCTBAX CHMCITeMBI, HBJISCTCH JHMPONUA
S=S(&, V. N, X). B Bapuante 2-— cBOGOHAS 3Heprus (Jesou-

comya snepeus) F=&—OS/k=F(O.V,N.X), B Bapuauie
3 — BBeAEHHBIH T66com TOTEHIMAT Q=F—pN=
=Q(®, V.X,u) m B Bapuaure 4 — Thbdca dnepeus

(notenuman To6ca) G=F+ PV=G (0. P, X. N). Ecnr sadwx-
CHPOBUTh YCJIOBHCE |, TO DHTPONUS UPH CTPEMIICHHH CHCTEMb:
K PABHOBCCHOMY COCTOAHHMIO AOCTHIacl CBOEr0 MAKC. 3HAMe-
NHA, TP GUKCHP. YCIOBHAX 2, 3, 4 COOTBETCTBEHHO O TCHIE-




atel &, Q. G cTpeMsATes K CROMM MHH. 3HaueHuaMm. T. o.,
€JMHCTBEHHOE W YCTOMYHBOC COCTONHHC PA6HOECCUs mepmodii-
RAMUYCCKO20, XAPAKTCPUIYCMOC HE TONILKO BHENL. YCIIOBHUAMM,
HO H IHAYEHHSMH BCEX j(D. MAKPOCKOIHY. MAPAMETPOB, ONpe-
JIeAETCA KaK PEINEHHME BAPHALNMOHHOH 33744H, COOVBCTCTBY-
oiei Bmﬁopy ONHOTO W3 HAPHAHTOB l—4 B cayuae | —
SS)AVXV* (8S)yxn<0, B emywae 2 — (8F)opxw=0.

Yoy xx >0 M T. 1. BAPHALIMH TEPMOHIAMHY. HOTCHLHASIOB
TIPOH3BOAATES MO TEM NAPAMETPAM CHCTCMBbL, K-PBIC MIPH YKi-
3AHHBIX (PUKCHP. YCIOBHAX MOTYT NPHISHMATE HCPABHOHCCHBIC
IHAYEHHS.

COCTOSHHA HCPABIOBECHBIX CTATHCTHY. CHETEM (QUKCHPYIOT-
€4 0-pa3HOMY B 3aBUCMMOCTH OT JTAHOB HX JBOMkOIMK. Hanp.,
JUIA KNACCHY. HCH/CABHOTO Ta3d B HAY. 1EPHO/ BPEMCHH,
MEHbUIWH HITH MOPS/IKA BPCMCHH B3AMMONEHCTBHA OT/IC/ILHbIX
YACTHIL ADYT C JPYroM, MHKPOCKOMHY. COCTOAHMC CHCTCMBI
OﬂpeﬂCﬂﬂCTCﬂ KdK B MCXAHHKC — 3d JAHHEM HMHyﬂbCOB H KO-
opaHHaT Beex N uacTHN. 34TeM COCTOSHME XAOTH3WDYCTCS,
HHIMBHYATbHOCTb YACTHL yTPAYHBACTCA M CHCTECMA BETYMACT
B KHHETHY. (ha3y IBOJIOLMM, OHUCHIBACMYIO KHHETHH. (- (MsMH
paenpeaencHis W KHHCTHY. YD-HHAMH (CM. Kuniemuucexkas meo-
pus_2a306). TIo MCTeueHMM BPCMCHH f~T,, (T,,~— op. BpeMs
cpobeaHoro Hpobera) B OOJACTAX CHCTEMbI, HMCIOHIHX .10-
KaTbHBLA pasmep ~/ ({—cp. dauna caobodnozo npodesd), Bo3-
HHKAET J0KAABHOC RICPMOMUIHGMUNCCKoe paciosecue. TeMm-pa
@ (1,r), MIOTHOCTS 71 (£, ¥) M AD. ONPENCISCMBIC UMH TCPMOIH-
HAMHY. XAPAKTCPUCTHKH ABIIAIOTCA JIOKA)IbHBIMH H 3i4BHCAT OT
BPEMEHH ! H MNPOCTPAHCTREHHOH KoopaMHaThl r. Ha oTom
3Tane 3BONIOLMS CHCTCMBbI OHHChIBACTCS YP-HHAMH THAPOIH-
HAMHY, THNA € YUETOM HCOAMOPOAHOCTEH TEMI-phI, HIOT-
BOETH H KOHKPCTHBIX TPAMH4HbIX YCNOBHH (Haeee — Cmokca
ypaskenu, yp-Hus TCIIOHPOBOAHOCTH, AU(dy3Hu H Ap.), a4 co-
CTOAHHE-— KAK «KdPTa» PENAKCHPYIOIUMX JHAUCHHH J10Kanb-
HBIX TEPMOJIHHAMMY. XapakKrepHCTHK. JIHUIL Mo HeTeucHHH
0BILEro BPeMCHH PETAKCALHH B CHCTEMC MPCKPANIAIOTCH HOTO-
KH, YCTAHABHBAKOTCH DABHOBCCHHIC 3HAYCHHA TCMH-DBI {OIM-
HAKOBBIE JUTA HCEX r), NIOTHOCTH, AABICHUA H T. A. (IIPH Ha-
JIHYHH BHEIL. CTATHY. TIONA ITH BCTH4YHHbI HEO/IHOPO/HBI U 34~
BUCAT OT r), YTPAUMBACTCA pONb TPAHHYHLIX YCNOBMH,
K RUX KOIPD munoé W 1. 1. [pu 31om 1oscjicane
CHCTEMBI ONHCHIBACTCA METO/IdMH DABHOBECTON nmiepstoduna-
MKy, COCTOSHUC dukeupyeTes ycI1oBHAMH |—4, a cama cuc-
TEMA KOHKPCTH3MDYCTE ¢ HOMOHIBIO MAKPOCKOIN. Yp-HUi
COCTOSHHA MK COOTRBCTCTBYIOIIMM TCPMOIHHAMMY. TOTCHIIM-
anom.

Jhun.. Kpacnukop M. A, TepMOIMHAMMKY M CTATHCIHYCCKAR
bsiauka. Teopist tepasHoBeCHX cucTem. M., 1987: ero xe, Tepmoan-
HAMBKI M CTATHCTHYECKAA (PMIuKa. ‘TeopHs paBHOBeCHEIX cHeTeM, M.,
1991. H. A. Kaacnukos

TEPMOIUPDY3USA — ncpeHoc KOMIOHCHT rasoBoil cmecH
WIH PACTBOPOB TIPH HANHYMM B HHX TPAJUEHTA Temi-pel. Ecin
PA3HOCTB TCMH-D MO;UIEPKUBACTC TIOCTOSHMON, TO RCJICA-
cBic T. B 06BEMC CMCCH BO3HHKAET FPAIHEHT KOHICHTPAIHH,
HTO BLI3BIBACT M OOBIYHY10 AHDDY3HIO. B cTaUHOHAPHBIX yCno-
BBSIX TIPM OTCYTCTBHH NMOTOKa BewecTa T. ypaBiosenusaeTes
obbvuoit auddy3uc U B 06BEME BO3HHKACT PAHOCTH KOMICH-
TpalKi, K-pas MOXET ObITh MCMOIL3OBAHA, HAHP., IS DA3-
zenenns usotonos. T. B pacreopax Ha3. dddekTom Cope—Ho
umenn wsedl.  xuvuka LI Cope (Ch. Soret), Bnepsbic
B 1879—81 Hceacaosasuiero T.

B GuHAPHOM CMCCH PH MOCT. A4BACHHHM W OTCYTCTBUM BHCII
CHJI TOSIHBIH Tuddy3. HOTOK BCLUCCTBA PABCH

—nD grad¢;—n(D./T) grad T,

rae D,,—xond. audbdysuu, D —xoad) T., 7— 4HuC:I0 4ACTHI
CMECH B efuHHIIE O0BEMA, (;=n;//1— KOHUCHTDALKS HRACTHIL
10 KoMmoHeHTa (i=1, 2). Pacupeaenciue  kosICHTpALMH
B CTALIHOHAPHOM COCTOSHHH MOKeT ObITh NAMCHO U3 YCNOBHS
0, oTkyna

grad ¢;=(—k,/T)grad T,

rae k,=D.,/D,;;— Tepmonuddys. OTHOIWICHUC,
TIPOH3BCAECHH IO KOHUCHTPH.HI‘IFI KOMIMOHCHT.

MpONoOpL.

Koo, T. CHIBHO 3ABUCHT OT MEXCMOACKYAAPHOZD §30UMO-
deitemeud, TIODTOMY €ro H3yueHMC NO3BOJNAET MCCICAOBATH
CHITbI MEKMOJIEKYJIADHOIO B3AUMOACHCTBHA B rasax.

Mporecc, obpatuetid T., nas. Jodypa spdexmon.

Jum.: ITpio K. 3., U66¢ T. J1., Tepmuteckas nudppysns B rasax,
nep. ¢ arnn., M., 1956; cm. rakske AHT. npu . Jugpdysus, Tepmoduna-
AMURA HEPURIOECCHBLX NPOYECCOR. A 3ytapes.
TEPMOM3OJSLIUA MAI‘HMTHAH—pd}JuManoe CHH-
ACIUHC TCIUIOTICPCHOCA  BbICOKOTEMHEDATYPHOH a3 pCKEHHOH
15143MBl TIPH TOMCHICHHH €€ B cHNbHOC MarH. nojc. T. M. 6pita
npeanoxena B 1950 A, I, Caxaposuim 1 H. E. Tammom s
OCYIIECCTB.ICHUA HCTIPDCPBLIBHON DEUKIHH CHHTC3a JETKHX f1€p
(H30TOIIOB BOAOPO/IA) B M. niepsosdepros peaxinope. Tpuu-
M T. M. MCIOJIB3YCTCH BO BCCX MAPHUINHbIX A06YUWIKUX AN
OCYICCTBICHHH ynpus.isemozo mepsosdeprozo cunmesa (YTC).

B ocuoBe T. M. JIGKHT OrpaHHYCHMC JBHXKCHMH COCTABIIA-
FOUHMX [1a3MY 3APSiK. YECTHIL (DICKTPONOB M HOHOB) B HANpa-
BJICHMH, NOTICDEYHOM K Mari. nojo B, 3a cuét cuner Jlopenua.
B pe3ynbTaTe TPACKTOPHM HACTHIL BbIMIHOAT KaK CHPAJIH,
OOBHBAIOLIHC MATH. CHIORblE JHHMH, W €CTTH Obl YACTHILI HC
HCHBITIBATH CTONKHOBCHHM (TOYHCE, KYJIOHOBCKOTO B3aHMO-
NeHCTBHA MCXK 1y c000H), To T. M. B MarH. JIOBYIIKax obuia 6b1
wicasibHOH. Ho npH 6onbuwioi 4acToTe CTONKHOBCHHH v, 3Ha-
HUTEBHO [PEBOCXONAIICH LIMKIOTPOHHYIO YACTOTY Wy=e¢ B/m
BPAIICHUA HACTHIbI (C 3APSI0M € M MACCOH 7) BOKDYI MarH.
CHIIOBOH JIMHMH, KOTAA CP. ANHHA cBOOOAHOrO Mpobera YacTH-
wl /= MHOIO MeHBIIE Cp.
PAAMYCa CUHPAIM rp=U/®y (JIAPMOPOBCKHH PaIHYC), MATH.
710.1¢ HPAKTHYCCKH HC BIIMSET HA TPACKTOPHIO wacTHl M T. M.
otcytersyer.  T.m.  eraHoBuTcA  oddexTupHoH  mpH
1irg=wgjv>>1.

CornacHo 3akoHaM Jpdy3un, Kodd. TeMIePaTyPOHPOBOA-
HOCTH Y =A?v, 4 DHCPreTHY. BPEMS KH3HH [LU1A3MBL T, XAPAKTe-
PH3YHOILEE TEMIT BLIHOCA SHEPTHH W3 TUIA3MBI 32 CHET Anddys.
11polieceoB, ORpEACIACTEs ¢b-10i
“ala),
rae A—ep. CMEIIEHHE HACTHILLI B PC3YNbTATC CTOAKHOBCHHS.
B HdndeJ‘lCHHH TOMEPEHHOM MATH. HOJIKO, CP. CMEIlEHHE

U/®p, TOIOA KAK B OTCYTCTBME MArH. MONA (HJIH
BJIlO"ll: nons) A=I=v/v. Takum oOpaIoM, «KTACCHUECKOEH
BPCMS KH3HH TUIA3MbI, HAXOJAIIEHCS B MATH. NOIC, B {05/ v)?
pa3 Gonsliic, ueM §e3 Mari. 1o, ‘1o OTUOIIEHHE I HOHOB
aeiiTepus cocTaBnser ~ 10° B2 T3/ n,, (MarH. nose Bupaka-
eTes B TCCilax, TeMN-pa —B k3B, MIOTHOCTL HOHOB — B CIHHH-
nax 102 m ) B yCNOBHMSX TepPMOSACPHOTO PCakTOPid B ITHX
caunmMiax B~5, T~ 10=30, n~l J178 DMeKTpOHOB MHCIIEH~
Hotit K0, B d)-':e pasen ~4-10'2

Pea1bHpli TenionepeHoc B MarH. JOBYIIKAX OKa3BIBACTEA
CYIICCTBCITHO  BLINIC  KTACCHYECKOTO TO ABYM INIDHYHHAM.
Bo-11cpBBIX, KPHBH3HA MATH. CHNOBBIX THHHH B MArH. JIOBYII-
KAX TIPUBOJWT K Opefighy sapsamennsix uacmuy. B peaynbrate
Apeiidha OTKNOHEHUE TPAEKTOPHHA TEX YACTHIL, K-DbIe COBEPINA-
IOT MHOTOKDATHBIE OTPAKEHHA OT HEHIOEKHBIX B MArH. JIO-
Byurkax 00acTcH MaKC. HAHPAKEHHOCTH MArH. HONS (MArH,
HPOOOK). OKA3bIBACTCH 3HAYHTEIILHO $OJIbIIE JTAPMOPOBEKOro
paanyca, A rp. Pe3ysbTHPYIOMHC «HCOKTACCHY.» KO3D. TeM-
NCPATYPONPOBOAHOCTH M Auddy3ud, 3dBHCALIHE OT TeoMeT-
PHH CHCTCMBI, CTPOT'O PUCCHWTHIBAIOTCA B HCOKJIACCHY. TCOPHH
nepenocoB (eM. fepenoca npoyeccosr B 11Ma3Me).

Bropas u rn. npuuMna yxyamiesus T. M.~— HCH3OCKHBIC
HEYCINOUMUBOCHN NAAIMbE, K-DBIE B JIYHLICM CIIYY4C IPHBOAAT
K HOJCTPOitke NPOGHUICH TCMI-phl H IAOTHOCTH [171A3MBl K Y-
TOHYHBBIM PACTIDE,1CICHUSIM, TAKOH NPOLECC CAMOOPraHU3a-
[HH [11a3MLI COTPOBOXKACTCA NOBBILICHACM TEMIIA NOTEPb
HACTHI{ U HHEDPIHH, TeM Gonec BRICOKMM, YEM MEHEe COFaco-
BAHO DACTIPEIE]IEHHE UCTOYHHKOB BBIACTIEHHA YACTHI M TeHNa
B 0OBEMC U1a3Mbl ¢ YCTOMYMBLIMH TIPOQMIISMH TUIOTHOCTH
M TEMH-Dbl. ITOT TYPOYNCHTHbII NPOLECC OMUCHIBAETES HOMY-
OMIHPHY. KOD. TENIONPOBOAHOCTH H AHGbDYIHH WIH r]0-
GaJIbHBIMH 34 BHCUMOCTSMH T OT HAPAMETPOR MIa3Mbl, MarH.
CHCTEMbI, MONIHOCTH Harpesa H T. H. Kak nokazanu MHoro-
JIETHUE IKCMEPHM. HCCIICAOBAHMS, TyTEM noadopd ONTHMATb-
HBbIX YCIOBHH MOXHO j106MTECA T. M., AOCTATOMHOH ANS TEXH.
PCANU3ANMH MATT. TEPMOSACD. pcakTopa. B. 4. Wagpanos.

T~at |y =

TEPMOM30HFIL|,MH

93



TEPMOWOHHASA

94

TEPMOMWOHHAS IMUCCHS —cMm. B CT. Hounas stuccus.
TEPMOJIOMHUHECUEHUMSA — somunecyenyus,  BO3HU-
KAarOI1d 4 1(PH HAr PEBAHHH BEILECTBA, MPE/IBAPUTESIHBHO BO']Gy)I(-
NEHHOTO CBETOM WIIM *EcTKMM HanyueHucM. Hab.romaercs
¥ MH. KpUCIaaaoiocdiopos, MHHCPANOB, HEX-PbIX CTEKOI H op-
CAHUY. At0munodopos. MexaHH3IM PEKOMOHHALIMOHHBIH.
IMpu varperaitmi TIOMUHO(GOPA IICKTPOHBI, 33XBAYEHHBIC JIO-
BYTIIKAMH, ﬁCBOﬁD)K[le]IOTCﬁ W TPOUCXOJAHT H3ITY4aT. PCKOM-
OUHANHS HX C HOHHIUPOBAHHBIMU TIPH BO30YKICHHH 1CHTPA-
MH  NIOMHIIECIICHLHH, T. TIPHMEHAETCH MPH  UCCIICTOBAHUH
DHEpPreTHY. €NeKTPa HIEKTPOMHBIX NORBYIIEK B 'mépmﬂx Teaax,
A TAKKC B MHHEPAJIOTHH JITTS HCCAEIOBAHHS TICHTPOB JTIOMUHC-
CI€HUHH MHUHCPAJIOB, ONMPCIAEJICHHA BO3pacTa Nopoa U yC_'lOHHﬁ
HX 06pa3nBaHus.

TEPMOMATHHUTHBIE ABJIEHMA —adibekte  neperoca
[CHIOTLI B NPOBO/AHUKC ¢ MEPEHAIOM TEMN-Phbl, HOMEIlléHHOM
B MATH. NOJIC ‘I'IOHPOEHCC ™, T(‘[) MOCUALBUHOMAHUNBIC S6.10-
fnug).

TEPMOMETP (ot rpeu. thérmé—rTenio u metréd — uame-
pst0) —npubop AN uzmepeHus memnepamypnt. [Jeictaue T,
OCHOBAHO Ha 3aBHCMMOCTH pa3/IMMHbLIX afJHTHBHBIX (blrl’i.
BCMHYHH OT TCMII-Phl. l'lpu HIMEDECHHH T. TIPHBO,THTCA B TCM-
JIOBOC PABHOBECHE € OGBCKTDM‘ TEMH-Pa K-POrO ONpe/ICIIAETCH,
BeckOHTAKTHBIE BBICOKOTEMNCPATYPHbIC T.‘ OCHORAHHBIE Ha
H3MCPCHHH MApPAMETPOB OHTHY. H3JIYYEHHS, Hal. nuposiemn-
paiy.

B KaX/10M THHC T. HENOCPCACTBEHHO U3IMEPACTCH ONPC,IeT.
M3, BCIMHHNA, CBA3AHHAA ¢ TEMN-POH WIBCCTHOIM 3BHCHMO-
CThIO, K-Pds HA3. 1115"14’1[’[){1m}'[?ll(llj wika.oft. ECn 9Ta 3aBncu-
MOCTh ABMTACTCA CNEACTBHEM sHIOPOSN HANAAG I?‘I(’[?.H(‘()Mll(l.\'lll-
ki, To Takoit T. mmepucT TEMII-pY MO TePMOJHHAMHY. TCMIIC-
patyproi 1mkane H T. Has, nepBudHbIM. Cpeliu nepBHYHBIX
T. naub. 3HadewHe umceT Tazonblit T., JcHcTBHE K-poro
OCHOBAHO Ma  ypdsnenyu cochosnud WICAIbHOIO rasa; ajs
O/THOTO MOJIA ra3a OHO HMEET BHUI

pV=RT,

rie¢ p—Japieduc rasa, V-—ecro obvem, T—remu-pa, R—
YHUBEPCAJILHAA T304 NOCTOAHHAA. T230BBIH T.— ocH. npH-
60p npy noCcTPOEHHN M edwdy1apooHois npakniueckoll mestne-
pamypnoi wkavt. OBBIMHO TPHMEHSIOT ra3oseii T. wocT.
0B béMa (puc.), s k- -pore py /p2=Tj T, 3101 T. 0becueuu-
BaeT TOYHOCTH 2+ 1077 K B uHTepBanc Temn-p ot 2 go 400 K.
Jlnsg yuEra orxioHCURP CBOHCTB PEAILHOTO T. (reauit) ot
W/1CATBIOIO UIMEPAIOT TCMH-PY HPH HCCK. JABIEHUAX 3AM0T-
HCHHS, 4 34TCM JKCTPANIOTUPYIOT K p=0 HIH HPHMCHSIOT
BUPHATBIVE yP-HUC COCTOSHUS:

=RT

B C
I+—+—+.

v
(B, ¢ — supnaabHbic koxh.). B TounOM raszosom T. yuHTwIBa-
CTCH HAMUYKC I'aTa B prﬁKC‘ COCHHHH}OI‘I]Cﬁ KOJGy ¢ MAHOMECT-
PoM (Bpenubiit 06BEM), H3MeHeHHe 00bEMa K0ObI ¢ TeMN-poii,
aacopOnMA rasa H npumecci B HEM CTCHKAMU KOJOBL M mepe-
mnan ﬂ’dBJ’lL’HIIﬁ Hd KOHIAX prﬁKlrL BBI3BAHHBIH Pa3HOCTBIO
TemMn-p kOJIObl ¥ MAHOMETPa {TCPMOMOJICKYJISPHOC J4BIEHHE).
Tazosmit T. HOCT. 06BEMA IPALyHpPYCTCA H3MCPCHHEM jlaBIIe-
HHJ p, B O/IHOW TOuKe, Temm-pa K-poil nisectHa (06bruHo
T, =0 C).

MeprHuHbiM T., B K-POM TaKkKC IIPUMEHSCITH Ta3, MOXET
CAYXHTh akycTHYCCKMA T. CKOpOCTh 3BYKA 1o B HEOT DAHHYEH-
HOM NPOCYTPAHCTRE, 3AMONHCHHOM HICAJIBHBIM I'l30M, CBH3UHA
© TepMOSIMHAMUY, TeMi-pof ¢-101

RT

e 7y OTHOLUCHHE TCHHOéMKOCTH Td3a Npu NocT. AaBJIEHUH
K Ter:108MKOCTH NPH TocT. 00béMe, M — MOTICKyIApHAS Mac-
Ca rasa. OIJIH‘IHC CBOUCTB PeaNbHOTO 1a3a OT HACAJIBHOIrQ
YHHTBIBACTCH TAKHM XKC CﬂOCOﬁOM, KdK H B ra3spBomM T.B pe-
aIbHOM aKycrhd. T. M3MCPAeTCA CKOpOCTh 3Byka B Tpydc
AKYCTHY. HIIIHL’[)(t)‘l’pO.M('I71[!11. YYHTBIBAKOTCA BA3BKOCTD rasa, Ten-
Jl00OMEH, 4KyCTHY. BO.JIHBl CO CTCHKAMHM HMHTepepOMeTpa

W AKYCTHY, wmnedure waaydarcas. Halru Baugune ITHX Qak-
TOpOB ¢ Hy)I(HOVI TOYHOLTBIO HC )”'l(lCrCﬁ H aKyCTHY. T. NpH
HU3KMX Temm-pax (2—20 K) umeeT TounocTe Ha (10pAIOK
MCOBIITYH, HCM [d30RBbI Oua MoXeT ObITh NOBLINEHA B HECK.
Pa3 MpH HCNO.[B30BUHHA cdrcpnl(. AKYCTHY. FCIoHanaopa.

McpBHYHBIM MOKCT CAYXHTL T., OCHOBAHHBIA HA H3Mepe-
HHH INYMOBOIO HAHPAXKECHHA HA )ICKTPHU'L. COTPOTHB.ICHHH 7,

Cxemad DPOCTCHALICID TAB0BOID  [CPMOMCIPA:
71— 8101, 3aU0;HIGURHA [I0M: 2 —Coean-
HUTeNbRAS 1pyOKa: J — HIMEPHICNL MaBIICHIS

(ManoMerp)

0ByconICHHOrO Ten1oBrMH (yKryaipayu B néM. Cp. 3H2-
MeHUe KBAAPATA HANPHKCHUA 1TYMOB §7 CBAYAHO ¢ TEMIT-POR
Haiikeucna giopmy.aoit

02 =d4krTAS.

rae A f-—mnonoca 4acToT, B K-POil NPOU3BOJKTCH HIMCPCHHE
HanpsokcHUA, TouHOCTDL 1lyMoBoro T. 0OBIYHO He NPCBBINET
0,1%, ¥ ero MPUMCUAIOT NpU OYEHL HWU3KUX (Huxke Heek. K
HIM NpH BRICOKHX (cB. 1000 K) Temil-pax. a Taxxke B YCITOBHAX
BBLICOKOTO pajiHall. (ona, KOI/Id MPOHCXOIMT CPABHHTEIBHO
6ricTpoe paspyiuenne moboro T. AkyeTnd. W niymopoit T. xe
HYXI4K1CS B TPA/iyUPOBKE, T. K. KC.IbBHH BXO/HT B [a30BYI0
TOCTOAHHYI0 R U B nocTosuHyw BonpiMana k.

JIns M3MCPCHUA TCMI-p HHXe Heek, K wiacto npumensior
NEPBHYHBIA MATHHTHBIA T.. OCHOBAHHBIN Ha Kiopu 3axone Ans
HCANBHOTO napdsaanentuny. MATH. BOCIPHHMUHBOCTL TaK0-
TO HAPAMArHCTHKA CBA3AIA ¢ TEMI-DOi §-10H

¢

x r
(C—xouncranta Kiopu). Tlpu 04eHL HU3KUX TCMH-paX, KOTAA
TEHOBbIC BOIOYKICHUN HC MOTYT BOCHPCOATCTBOBATL MArH.
YHOPAIOUCHHIO ANIOACH, MOJICIb HACAILHOTO NAPAMATHCTHKA
uenpuMenuMa. OIpanMuenus 18 MCHOIbIOBAHUS MarH.
TIDH BBICOKUX TCMIT-Dax umimm,l B OCH. € OLICTPBIM 1idICHHEM
ero. uyBCTBUICABHOCTH (~ 1/ T2). K unciy Haud. ynoTpebs-
TCIBHBIX HADAMATH. MATCPHIIOB OTHOCATCH 1ICPHA-MATHHE-
BBIA HUTPAT (B HHTCPBAJIE TCMII- E 0,006—3 K), a Takxe mMeab
u niatuHa (Hpu Temu-pax 10 7°—0,1 K), B x-phIX cHeTeMa
AHNOACH 06pa30BAHA AICPHBIMU Mul'H. MOMEHTAMH, K-pble Ha
3 MOpAAKa BCIHYMHD) MCHBINE, 9CM DICKTPOHHLIC MATH. MO-
MEHTBI.

B peasenom Maru. T.
3akoH Kropu:

TIPHMCHACTCA  MOJTUGHIIHPOBAHHbIH

B

x= A+TLAH: T

OH NMO3BONIKET YUCCTh BIIHMOIEHCTRIC MalH. IHHOICH (A, 8),
HAJIHYHC CoCTapNIAolIEH BOCIIPHHUMUUBOCTH, HE BABHCAUIEH OT
TEMTI-Pbl {4 ), & TAKKC [COM. PAKTOPLI aHNapaTypel (4, B u A).
J:l,'lﬁ HAXOXK/ICHHS BCCX KOHCTAHT MatH. T, UPUXOOUTCA Tpaay-
HPOBATh NPH 4 H3IBECTHBIX TCMIL-PAX.

nCpBH‘thIQ T., xax NpaBUIO, CJIOXKHbBI U HCUPHIOAHLI LTS
NPakTHY. UIMEPCHUH, IJIC NPUMCHAIOTCH HTOpU4Hbie T,
K-pbIC TPAAYMPYIOT N0 HOKadaHMAM nepBuyHex T. K uucny
p‘dCI’lpOCTp‘dHéHHL]X BTOPHYHBIX T. OTHOCATCH XKHUAKOET-
HbIC T., B K-PbIX HCMOJIb3YCTCH PA3/IHMHE B BCIHYHHAX TEILTO-
BOrO PaCHIMPCHUAA KU/ (KOCTH U IlpO'Sp(’l‘lHOﬁ 060 104KH, K-pywo
©OHa 3ano:iHAeT. [1o:10kKeHHE MCHUCKA KHIKOCTH B KdNH.1T14pE,
TPHNASHHOM K 0BONOYKe. OHpe;eIfeTes TeMn-poi, K-pas OT-
CYHTBIBACTCA 110 fIC/ICHUAM Hd UIKAIE, pi\CHOHO)KCHHOﬁ HA0Jb
KATHIJIAPa. ﬂﬂﬁ PU3HBIX AWANMA3OHOB XHIKOCTHBIC T. 3anon-
uAKT HeHTauoM (ot —200 ao 35 C), ciuprom (o1 —80 ne




80 “C), pryThio (0T —35 10 600 C). OBOI0UKY HIFOTOBIAIOL
W3 CREl. COPTOB CTCKJIA M MOABEPIAIOT CIAPCHHIO, d
TOYHBIX M BHICOKOTEMNEPATYPILIX T.— M3 KBAPUECBOIO C1¢
BricokoTemnepaTypHbic pryTHbIC T. 3aMONHAOT d30T0M 101
naaBneHHem | —20 aTM— 048 upeJOTBPAlICHAS  HCPCTOHKM
PTYTH B cBoBOARBI Dos1ee X0n0;nbpll KOHCL Kannanapa. Tpy
TOYHBIX M3IMEDEHHAX YYHMTBIBAETCS TeMIl-pa PTYTH B Kanui-
Jspe, IR Hero pTyTHbIE T. MOIPYKal0T B HIMCPACMYIO Cpejly
UEHKOM MJTH 1O YPOBHH WHJIKOCTH B KAITHISPE WM BBOANT-
CA TOMPABKA Ha BBICTYMAMIKGA CTOAOHMK PIYTH, TCMI-pa
k-poro uamepsetcs o1t T. ToMHOCTB JIyHIIMX PiyrHbix 1.
NPH H3MEpenHAX Temi-pel 40 100 C nocruracr ueck. MK,
Kunkocrasie T. HCIPUTO/EBL JUIS ABIOMATHY. M3MEPSHUH U
TIOCTENCHHO BBITECHAROTCH VICKTPHHECKUMMU,

M3 saekvpudecknx T. naub. pacnpocrpanenst T. co-
NPOTHBIAEHHA Mx JCHCIBUC OCHOBAHO HA 3JUBMCHMOCTU
COTIPOTHBIICHUA HHCTHIX METALIOB OT TeMn-pbl. B McTamrax
OHa OOYCIOBACHA PACCCRHUCM DIICKIPOHOB TIPOBOIAMOCTH HR
TEMIOBbIX KOAeGaHUAX penETKY U B OCH. THHCAA, TTpU rem
pax muxe 20 K, Ije CKasblBaeTCs pPacCCsHMC DICKTPOHOB MHa
nedeKTax CTPYKTYPbl, H NIPH BBICOKHX TCMII-PAX, KOIId BO4-
HHKAIOT JOTOJHHT. BAKAHCHH, 3dBUCHMOCIL COUPOTHBICTUS
OT TeMII-pbl 1ICPECTAET BBITh JIMHCHHOMN.

B MeTannuueckom T. COMPOTHRIEINS HAIIC BCCKO 1ipy
MEHAIOTCH BHICOKOHUCTBIE IUIATHIL, MC/Ib M HHKE L. YyBCTn
TE/bMBIA 51eMEHT MeTamy. T. WIVOTOBISIOT H3 [IPOHONOKH,
YKPEn€nHON HA M3OJHMPYHOLUEM KdDKACC, HIIM H3 MCTANIHY,
IIEHKH, HAHECEHHOH Ma MOAJIOKKY, H, KAK UPABHUIIO, NOMCIILA-
10T B 3alMTAbIH KOkyX. [t hoilydeHns CTabn IhHbIX 110K~
HHA TPOBOIOKA YKJTLUIBBAETCH HA Kd4PKACC CBOGOINO, C rem
4TOBH M3GexaTh €€ AepopMalyii BCICACTBHC Pa3 MUl e~
JIOBOTO PACHIMPEHHH HPOBOIOKH M Kapkaca, UyBCTBUTCILHBIA
AIEMEHT OTHKHIAETES, M MPOBOIOKA CTUHOBHICH O4CHbL MSi-
xol. [ MIaTHHOBBIX HTaT0HHBIX T., BOCIPOM3NOAAILHX
MexayHapoaHyto TEMIEPATYPHYFO Ky, IPUMCHACTCA 1po-
BOJNOR4, B K-POil 1IPUMCCH HE OGHADYKHBAIOTCH TIPH CIICKI-
PATLHOM aH4IM3e, a oTuollenne couporusienud T. npn
100 °C u npu 0 "C nas rakux T. DOJKHO ObITE HC MCHCC
1,3925. DTanonubic WIATHHOBLEIE T. HMCHOT TOYHOCTL OT ] 10
10 MK. B Texn. Metasmmy. T. npoBo.1oka 3akperiiena kEcrko.
4To obecneunBaeT HPOMHOCTL MPUGOPA, HO HPUBOAHT K 1luj(c-
HHFO TO4HOCTH J1o 0.1 —1 K.

TIpu su3kex Temu-pax (o 0,5 K) nand. Touun T. u3 ciut-
Bod, comepx)alux HeGoltbinoe (0,5%) Koa-BO MalH. MCTd LI
(Hanp., CIUTAB POIMSA ¢ KEIE3OM WIIH CIUIAB [UIATHHBI ¢ KOGab-
TOM). 34BHCHMOCTE OT TEMIL-Pbl y 2THX T. CBS3AHA € NOTIOS
HHT. PACCCSHUEM DIIEKTPOHOB NIPOBO/IMMOCTH HA Mil'H. 1PHMe-
CH, NIPH K-POM CIHH JJIEKTPOlA MCHACT HaHpasienne (Kondo
ffexm), M ¢ HOCTCTICHHBIM YNOPSIOHCHUCM  OPUCHTALHN
MATH. MOMCHTOB NIPHMECH 11PH TIoHWKCHIH TeMmi-pol. Tukue T.
B oGmacTH TeMn-p linxke 14 K 061a0ai0T My BCTBRTCIBHOC bR
B COTHM pa3 Go.iblueit, 4emM nuaTuHOBLIC. CTabuIbloct, ux
OMEHb BLICOKA, MOCKOIBKY NPOUHOCTE OTOXKCHIOMN IPOBO.IO-
KH H3 TaKMX CHJIABOB TOPA3/10 BBILIC, YCM TIPOMHOCTH T TK-
HOBOH APOBOIOKH.

T., HCHOABIYHOLMC TCMAEPATYPHY O 3UBHCUMOCTh 1IOJIYHPO-
BONHHKOB, OYCHb DABHOOGDA3HLL H HPHMCHSIIOTCA TIPH HHIKHX
Temn-pax. Yacto uenoavsyrores T. 3 TepMaHis, JICTHPOBUH-
HOTO CypbMOH W.IH MblllIbakoM, ¢ gobaslienueM 1o 10% uk-
ueHTOpHOIM npuMccH. [1pu ITOM 1UPHHA 3ANPCNIEHHOT OB
CHHKACTCA 10 COThIX jotei 3B v mpu Temn-pax muxe 100 K
BCE NIPHMECHDBIE dTOMbI HOMKM30BaHbI. [1pH NOUKKCHHN Temn-
Phl YHCIIO HOHHM30B. 4TOMOH M COOTBETCTBCHNHO JICKTPOHOB
B 30HE MPOBOAWMOCTH IKCITONCHIMAIBHO YMCHBINACTCH H 1IPH
10 K eranoBuTCcs ApeHeOpexuMo ManbIM. TTpu Gonce HUiKUx
TEMI-PaX APOBOAUMOCTh HOIYIIPOBOLHHKA HE CBA3ANA CO CBO-
GOMHLIMH IEKTPOHAMM, OHJ HPOIONAACT UA/1ATh IKCHOHE!-
HANIbHO, HO HO WLUOMY 34KOHY. UyBCTBUTCIBLIOCTL [€PMaHH-
€BRIX T. OYeHb BbICOKY, K COIIPOTHBJICTIHE MCHIACTCH HA J1IECAT-
KK IPOLCHTOB MPH W3MEHEHHH TemA-pbl Ha | K BOanau 20 K
H Ka coTHH npouentos 8Omm3K 2 K. [Noaynporoanukonsie T.
PAVUMHYAIOTCA HO OCH. BEMICCTHY, JICTHPYIOIIMM MATCPHAIAM,
HX KOHUEHTPALMAM H CLIOCOOAM JICTHPOBAHUA.

THPOKO PACHPOCTPAHCHBI Takke T. H3 YIIEPOIRBIX MaTe-
puazion (s maMeperusa teMil-p o1 0,01 10 10 K). TepMucioph

W3 OKHCCH MAalruMsi, HMKCHA M Kodallbra (jLII4 W3MCPEHHN ¢p.
TCMIL-P) 4L WS OKBCCH PjIKOICMEBUBIX WIEMEHTOR (JUI TCMIT-p
s 1000 K)o Couporusnenne 7Tux T, pactér ¢ noHWkKEHHEM
remi-pu. Mx npoBoanmocTh  00yC/10BICHA  MPEOIVIICHHEM
JICK IPOHAMM JHEPreTHy. Oaphepa Ha Ipauvuax 38peH. YIie-
poatpie T. 4yBCTBHTCIBHBL K [PUCYTCTBHIO a1cOpPOHUpOBaH-
HOLO Hil Y PUHAIEX SEPEN aT™M. KHCI0pOd, MOITOMY YYBCTBU-
LCABHbIC MICMENThI TAKUX T. 1CPMCTHIMPYIOTCH.

[Mpusensnores Taxke T., oclonanHble HA TeMIepaTypHOH
BABHCHMOCTH VIC TCPMOTIAP, JICKTPUY. EMKOCTH CerHeTOMIEK-
PPHKA, TRUICHHS HANDAXKCHIA HA TI0.1yIIPOBOAHHKOBOM JIHOJIE,
peonAUCHON HaCTOTH MLEeIOKBAPIA, JTABICHHS ILTABICHHUS 1'€-
ams-3 (o1 1 MK 10 0.5 K) 1o Tl pasiugaiores no ycloBH-
AM HX [IPUMCHEHHA: MCTEOPOJIONHYECKHE, MCIHIMHCKHE, TIy-
DOKOBOIHBIC, HHKYOATODHBIC H JIP.

JTon.: Temnepatypusie wamepenusi. Cnpabodnsk, 2 w3a., K., 1989;
Kywun T, Tesmuepatypa, mep. ¢ auiin., M., 1985, A. H. Acmipos.

TEPMOME'I‘PI}IH—pumeﬂ HU3MKM M W3MCPHT. TEXHHMKH,
IOCBANIEHHBIH METO4M H CPCACTBAM H3MEDEHUS /meMneparmy-
por. OnuoBpeMeHHo T.— pasae Memposoeui, B 341444 K-poro
BXO,/(MT ODECHCHCHHE ¢/IMHCTBA TCMIEPATYPHBIX HIMEPCIHIH:
YCTAHOBICHUC TCMIIEPATYPHBIX 1IKA1, CO3AANUe HTAJIOHOB,
pa3padOTKil MCTOAMK IPalyHPOBKH M TMOBEPKH NPHOOPOB JUIA
HIMEPEHHS TCMM-Dhl.

Temn-pa He MO®keT GbITh H3IMEPCHa HCMocpencTsenHo. JIko-
Golt Mc101 T. CBR3aH ¢ MPUMEHEIIICM MeMAEPAmyPHOL KA. 1bl,
CBABLIBAIONIECH TCMO-py € Ap. ¢u3. cBoicTrOM (00béMOM, aaB-
JCHHEM, WICKTPHY. COMPOTHBICHHEM, DM€, MHTEHCHBIOCTHEO
OHTHY. H3NYUERUs U 1. ).

F/MHCTBO TCMOEPATYPHBIX H3MEDCTHE O0EHOBaHO ma Mex-
JYHAPOIHOR Temnepatyproi mkaste 1990 (MTIL-90), Bocnpo-
u3BoINeHCs ToC. smadonost B amanazone 0.8—1234 K. Tlo
Toc, 914n0HY HOBepsOT OOPa3NoBbie NPUBODEI. MO K-pbiM
rpanyupy1ot paboune mepuovempst. Metobt T. 06b14HO pi
JILNRAIOT 13 JIBE OCH, TPYIlNbI KOHTAKTHBIE MeTOAabl (COBCT-
Berno T.) u GeckonrakTHele MeToapl (T. u3myucrnus, win
HHpoMeTpHst). TIpu KOHTAKTHOM METOAE NMPUGOD, M3IMEPRIO-
A TEMI-py 00bexTa, JOIKEH HAXOAUTHCS ¢ HUM B TEMJO-
BOM PABUOBECHH, T. €. HMEThb ¢ HUM O/IMHAKOBYIO TEMI-DY.
MeToMbi JIOCTHKEHNS TEHIOBOTO PABHOBECHA M W3MeEpemnHs
TEPMOMETPHU. CBOHCTBA CH.TLHO PA3THYAKOTCH B 3aBUCHMOCTH
OT JIMAalla3oHa TeMn-p, TpeOyeMoli TOYHOCTH M ycnosuid M3-
mepenns. Bee npuGopst koHTaKkTHOH T. COCTOST U3 TEPMOMET-
pa M BTOPHMHOTO NpUOOPd — W3MEPHTENS TEPMOMETDPUY.
CBOWCTBA (MAHOMETPA, NOTCHIIHOMETPA, M3MEDUT. MOCTOB,
20FOMCTPA, MUUTHBOIBTMETPOB H T. [1.), HIKAJIbl K-DbIX 44CTO
rpaaynposansl B C. Muoraa noj repMHHOM «TepMoMeTp»
HOHMMAIOT KOMILIEKT u3 COGCTBECHHO TEPMOMeETpA M BTOPMH-
LHOTO MPUHOPa.

Muoro4rcT. MeToapl KOHTAKTHOH T. 06bidHo pasnuaroTes
MO TCPMOMCTPHY. CHROMCTBY (Ta30Basl, aKYCTHYECKAs, LIYMO-
Basi, Mard. T., T. 110 COHPOTHRIEHHUIO U T. 1.).

e, o wpn r. Tepmosemp. A H. Acmpoa, 1. H. lapescras.

TEPMOMEXAHIYECKHUIA DOPEKT (3bdext dorranu-
POBAIHS) — OABICHHC B CBEPXTEKY4EH XHAKOCTH PAa3sImoCTH
Jasiicanit AP, 0BycnopiicHHON pasHOCTRIO Temu-p AT (cM.
Caepxmesyyecms ). T. . snepsble Habnonames JIk. ALICHOM
n X, J{xoucom (J. F. Allen, H. Jones, 1938). T. 5. nposn.iser-
CH B PU3IMYHA YPOBHCH KHKOCTH B ABYX COCYIAX, cooGIua-
FOLEMXCH YEPC3 Y3KYHO ILCIb HIM KAAMLIAP M HAXOAANIMXCA
SIPH pasublx TCMH-pax (puc., @). Jpyrol Hatiasaubii crnocot
jiemoicTpiatin T, ), 3aKJIOMACTCA B HATDPEBC M3TYYCHHEM
TPYOKH, HAOHTONH MCIKMM 4€PHBIM TIODOIIKOM M ORYLICHHOH
0:UHHM KONi110M B CBepxTCKyUmii Teamit. TTpu ocpen(eHHH nopo-
WOK SLICTPO Ul PCBACTCA, M HI-34 BO3MHKAIOILCH Pa3HOCTH
JABICHHH H COCY/IC M BHC CTo KUIAKME Tenuit poHTaHOM Bbl-
6PAChIBACTCS W3 BEpX. KOHUA KaMHIUIAPa (pHc., 6). B paMErax
JIBYXAKHAKOCTAOH MOAEIH CBEPXTCKYHCro reqms T. 3. MOKHO
OOBACHUTL KAK BhIpABHMBANHE KOHNEMTPAIHA CBCPXTeKydei
KOMOOHEUTH!, ¢HOBOIHO [IPOTEKAIOLIEH Yepe3 LUC/Ib B HAMpPaB-
JICHUM HATPCTOH uacty SKMAKOCTH. B To e Bpema LOTOK
HOPMAILIOH KOMUOOHCATB! B OOPATHOM HAMPaBICHMM HEBO3-
MOKCH M3-34 JICHCTBHS CHN BH3KOCTH {CM. Téauil weuoxuir). Jas
PAINOCTH AABICHHA B T. 2. TCPMOTMHAMHYECKH NOTYYCHO CO-

TEPMOMEXAHUYECKWN

95




TEPMOMAPA

Movox ceera

Puc. Tepmomexannyeckuit addext. @— ypoBeHr XHOKOCTH B cocyne

¢ BarpeBatenieM H Boilue, 4eM B COOBLUAIOLEMES ¢ HHM COCYaE; 6-—don-

T4HHPOBAHHE I'e/IHA NPH OCBELLCHHH H HAI'pEBE NIOPOIIKA I HaxonAume-
TOCA B COCY/IE CO CBEPXTEKY4HM feitHeM (B — rurpockonuy. pata).

oTHotncHue AP/AT=pS, rAc p—HIOTHOCTb, S— anmponus
KUIKOTO TeJIus.

O6paTHeIf  MWpdekT -—OXNaXKACHHE CBEPXTEKYUETO renns
HPH HPOJABIIMBAHHH €0 YCPE3 Y3KHE INENH HIIH KATIHIIIAPbI —
HA3. MEXAHOKAI0pUNCcKUM dPpexmom.

Jum.: Tasau O. P, Tuaan Jx., CBepxTeKy4ecTs H CBepxnpOBo-
AHMOCTB, niep. ¢ auril., M., 1977. H potios.
TEPMOTIAPA — gaTunk TeMN-pbl, COCTOSILMIA H3 ABYX CO-
eIUHEHHBIX MCX/TY €060ii pa3HOPO/HBIX DIEKTPONIPOBOASIINX
JNEMEHTOB (OGbLIYHO W3 METALIWY. TPOBOLHHKOB, pexe H3
HOAYHpPOBOAHKKOB). JeiicTBHe T. ocHOBaHO Ha dddekTe 3eebe-
xa (cM. Tepmoo.exmpuucckue s6denus). ECM KOHTAKTDI (06LI-
YHO CLI4AH) NMPOBOJISILIAX 2IeMeHTOB, oOpasyromux T. (ux wacTo
Ha3. TEPMOAJIEKTPORAMH), HAXOAATCH HPH Da3HBIX TEMH-pax,
To B Uenu T. BO3HMKAET 3¢ (Mepmoddc), BENHYMHA K-DPOM
OIHOIHAYHO OMNPE/IENAETCA TEMT-PAMH TOPAYEro H XOJ0XHOTO
KOHTAKTOB H HPHPOLON MATEPHAIIOB, TPUMEHEHHBIX B KA4CCT-
BE TEPMO3NEKTPOAOB.

Dne T. 3 MeTwiiuY. NPOBOJIHHKOB OOLIMHO JIEXUT B IIpe-
jgenax 5—60 MkB/K. 3nc T. u3 10JYyNPOBOAHMKOB MOXCT
GbIThb H4 MOPANOK Bbie., TOMHOETL OHPE/ENCHUS TEMH-Pbl
¢ noMoupio T. cocTaBiser, kak HpaBuio, neck. K, a y Hex-pbix
T. poctaraer 0,01

T. HCNONB3YIOTCS B CAMBIX PA3Jl. AMAHA3OHAX TEMI-pbl (OT
neck. K 10 npamepro 2800 K). MpuMensioTes B yeTpoicTBax
JUTA M3MEPEHUA TeMH-DbI (CM. Tepmomempus) N pasil. aBTOMa-
TH3MP. CUCTCMAX YNPaBJIeH!s H KOHTPON. B coueranuu ¢ sek-
TPOH3IMEDHT. HpHOOPaMH (MHILTHBOIbTMCTPOM, HOTEHIHOMCT-
poM H T. 1.} T. 06pasyeT TePMOINIEKTPHY. TEPMOMCTP.

Jum.: Cocunosckui A. T, Cronspona H. M., Hamepeunc

TemiepaTyp, M., 1970.
TEPMOTIIONSPUBALIMOHHBIA  I®DEKT — nosispusa-
LMA Oud.1exmpuxa (BRICOKOOMHOTO TIOJYHPOBOJHHKA) TIDH Cro
HarpeBe B NOCT. JMCKTpHY. NoJe. T. 3. HPOABISETCH B BHAC
M3MEHEHHSA TOKA BO BHEIN. LIEHA HATPCBACMOTO IMINEKTPHKA.
Tok 06ycloB/IeH NepepaCHpe/IENCHHEM HOIBHKHBIX HOCHTCIICH
3apA/ia (ANEKTPOHOB W MOHOB) H (M) OpHEHTALIHEH HONSAPHAIX
MoJekyn. B ocrope T. 2. IEXHT aKTHBAIHOHKAS 3UBHCHMOCTD
BPEMCHH DENAKCALIMK T HOMADH3ALMM OT TeMD-pbl T

t=toexp(W/kT), )

rae W43HCDI'HR AKTHRAT[HH, T— MHOXHTE.Ib € PA3MEPHO-
CThIO BpeMeny, ciabo 3aBUCAIIMH oT TeMn-pbl 7. 3aBHcH-
MOCTb (1) MOXCT 6bITh OGYCIIOBIIEHd TEMIIEPATYPHOM 3aBUCH-
MOCTBIO BA3KOCTH AM3JIEKTPHKA, HAJIHYMEM HOTEHIL. Gapbepos
MEXJYy Padl. OPHEHTALMSMH TONAPHBIX MO.IEKY.l, TCPMHY.
0cBODOK/ICHHEM CBA3AHHBIX JITEKTPOHOB HIIH HOTIOB M T. M.
l'lpu KOMHA4THOH TEMTI-P€ 3.1EKTPHY. NMO.IC HE BbI3LIBACT 34MCT~
HOro HIMECHENUSA MOJSAPU3AIINK JHICKTPHKA BRHAY Sonblioro
1. [Tpy NOBbILICHKH TeMH-PbT 06pa3id, OObIMHO 1O ITUHEHHOMY
3akoHy, 7= o+ B¢, MONMAPH3IAUAT GBICTPO HAPACTACT W OCTH-
raeT CTAIMONAPHOrO 3HAYEHHUS, OTIPEEIAEMOI0 HANPAKEHHO-
CTBH JJIEKTPMH. HOIA E. COOTBCTCTBCHHO ITOTHOCTL TOKa
MONSAPH3ALMH B IicnH oOpasla
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TIPOXO/IHT HEPe3 MUKCHMY M, LOJIOKCHHE K-POI'O HA OCH BpEMe-
HH HIIH TEMTI-phl /I4€T HH(POPMAIIHIO OO IHEPIHH AKTHBAIMM,
ITO ACKHT B OCHOBE MCTOUA T.H. TEPMOAKTHBALWOH-
H O # CHEKTPOCKOIIMH,

T. 2. Mox)eT ObITh 06YCA0BICH TAKKE HAKOILUIEHHEM O6BEM-
HOTO 3apana y GIIOKHPYIONIETo AICKTPoad Hith [ommiu bapy-
cpa 33 ¢y€T paBHOBCCHOI MPOBOMMOCTH, MMeIOUIEH dKTHBA-
LIHOHHYIO TCMHEPATYPHYK 32BHCHMOCTh. Pa3HOBH/HOETHIO
T. >. fiBaseTcs TEPMOCTUMYJIIMPOBAHHAN ACNONAPH-
34 ILH 5, OCYILICETBNIAEMAS 1ipH HAFPEBE HPENBUPH TETLHO HEO-
HOPO/THO HOJIAPHIOBANIHOIO KOPOTKOIMMKNY TOr0 06pa3ila: 3-
MEPSEMOi BeJIMIMHON CIIYXKHT TOK KOPOTKOTO 34MBIKAHH# BO
BHELIL. LIENH.

fum.: TopoxoBatexnii 10. A, bopnoscknii T. A, TepMoax-
THBAUMOHHAA TOKOBIN \.llenpoummm BBICOKOOMIIGIX_MOJYTIPOBOAHH-
KOB H JI23cKTpHKOR, M., 3. M. Dmumetin.
TLPMOPE”}M(,TOP—HOH)npnao;lnuxnnmu PC3MCTOD,
WIEKTPHY. CONPOTHBICHHE K-POTO HIMEHACTCH B 34 BHCHMOCTH
OT UIMeHCHHUS TeMH-pul. [11a T. XapakrepHbl S0MbINOH TeMrie-
paTypubif x05¢. conpoTusieuns (TKC) (B neesitkn pa3 mpe-
sennatomnuii TKC MeTannos), Hpocrota yCrpoicTBa, cnocob-
HOCTb padoTaTh B pa3/l. KIMMATHY. YCIOBHAX NDH 3HAUMT.
MEXAIIN, HAI'DYIKAX, CTAGHIBHOCTE XapaKTEPHCTHK BO BPEME-
HH. T. U3roTOBIIOT B BIJIC CTEPXHCH, TPYOOK, UCKOB, LIAH0,
GYCHHOK U TOMKHX MIIACTHIHOK UPSHM. METOIAMM IIOPOILKOBOR
MCTAJIyPIMH; HX PA3MCPBI MOTYT BAPhUPOBATE B HPE/IC/IAX OT
I—10 MM no 1—2 cM. OcH. napaMeTpsl T.. HOMHHATIbHOE
conportus.cuue, TKC, urrepBan paBodux TEMH-P, MUKCHMa-
NLHO MOTYCTHMA MOIIHOCTh PACCEAHHS.

BoAbT-aMIepas  XaPaKTCPHCTHKA  TEPMOPEIHCTOPA

C OTPHHATCANHLIM TEMNEPATYPHBIM  KOODDHUREHTOM
CONPOTHBIEIHA (conporuieune 830 kOM mpr 293 K)
80 DK PAIIKIHOR TEMIIEPATYPE OKPYKAIOWER cpeibt (Ha
BO3IAYXE OCI UPHIYAHTENHLHOIO 00yBa TePMOPE3IHCTO:
pa)

f—upu 293 K: 2—unpu 313 K: J—npu 333 K;

. 4—upu 353 K; S—upw 373 K; 6—upn 393 K.

Pasnmuaior T. ¢ orpHuarennurm W nogoxkurensubiM TKC.
T. ¢ orpumatensspiM TKC W3roToBASIOT W3 CMECH HOIH-
KPHCTAJLTHY. OKCHIOB TICPCXOAHBLIX MCTAILTOB (Hanp., MnO,
Co0. NiO. Cu0). nerupopaimimx Ge U Si. 10AynpoBO/IHUKOB
T2 A BY. cTek00OPA3NbIX TIONYHPOBO/IHHKOB U JIP. MaTe-
pHasio (cMm. Takxke [Toapuposodnuxosnie samepuaaer). Pas-
muuator T. HHZKOTEMICpaTypHEle (PACCHMTANNBIE Ha paboTy
npn Temm-pax HHxke 170 K), cpeineremicpatypusie (70—
510 K) u sbicokoTeMnepatypubie (ca. 570 K). Kpome Toro,
cymecrayor T.. npenusuadennpic Aas paboisl Hpu 4.2 K
¥ Hike ¥ npH 900—1300 K. Han6. 1uMpoko Mcrnoas3yworTes
cpennetemnepatypisie T, ¢ TKC or —~24 g0 —84% K™!
W C HOMMHAJIBHBIM CONPOTURIEHHEM | —10° OM.

Pexum paBorsl T. 3aBHCHT OT TOr0O, H4 K4KOM YHACTKE
CTATHETHHCEKOH BOTLT-AMIICPHOMN XapakTepieTHku {BAX) bbl-
6pana paGouas Touka (puc.). B csow ouepens BAX 3aBucut
KaK OT KOHETPYKIIHH, PA3MEPOB H OCH. mapamcrpos T., Tak
W OT TeMLU-pbl, TENJIOTPOBOHOCTH OKPYKAIOIIEH cpebl, Ten-
noBoi ce3n Mexay T. w cpenoii. T. ¢ paboucii Touko# Ha
HaYaJILHOM (JIMHEHHOM) yuacike BAX uenosniyroTest a1s Hi-
MEPCHHS H KOHTPOIA TCMII-PBI H KOMIICHCAIIMH TEMIepaTyp-
HbIX HIMCHEHHH MAPAMETPOB YICKTPHT. 1IEHCH W HICKTPOHHDIX
npubopos. T. ¢ pabouch Touko# Ha NMUEXOISNINEM yHACTKe
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BAX (c OTpHLAT. CONPOTHBIIEHHEM) NPHMEHAIOTCS B KAYECT-
BE NMYCKOBBIX DClie, PEsie BPCMCHH, HIMCPHTCAEH MOILHOCTH
J.-MarH. uinyucHus Ha CBY, cTaGMIM3aTOPOB TEMIN-phi,
HANpsKeHHs W fp. Pexum paGotet 1., npu k-pom pabouas
TOYKA HAXOAMTCA TAKXKC Ha HHCHAJarolleM yyacTke BAX
(MpH TOM HCDOJIBLIYETCH IABMCHMOCTL CONpoTHBIeHHS T,
OT TEMN-PI H TEMIONPOBOTHOCTH OKPYXAIOLEH CPE/bI), Xa-
pakTepeH ans T., NpHMEHAEMEBIX B CHCTeMaXx TernjioBOro KOH-
TPOJS H MOXAPHOH EHTHANW3ALMH, PEryJHPOBAHHA YPOBHA
KHIKHX H CBIYMHX Cpenl; fieficTBHe Takux T. OCHOBAHO Ha
BOIMMKHOBEHHH peneiinoro bdekta B uenn ¢ T. npu us-
MEHEHMH TEMI-PHI OKDYKAWOIUEH CPCAbl MIH YCIOBHH Tem-
nooGmena T. co cpenoh. WsroTosnsiotes Takxke T. cmeit
KOHCTPYKLIMH — € KOCBEHHBIM TojiorpenomM. B taxux T. ume-
€TCA MOJAOTpeBHAas OOMOTKA, H3OJHPOBAHHAS OT MOJYNpO-
BOIHHKOBOIO PE3HETHRHOI'O MIEMEHTA (€CIH NMPH 3TOM MOLI-
HOETh, BBIACTAOILAACA B PETHCTHBHOM YJIEMCHTE, Mana, TO
TenNIoBOH pexxHM T. ONpenenfeTcs TeMIN-poii NoorpesaTens,
T. €. TOkOM B HéM). T. 0. MOABNISETCH BOIMOKHOCTL H3MEHATD
coctosuue T., He MeHss Tok 4epel Hero, Takoi T. ucnomnssy-
€TCH B Ka4eCTBE NEPEM. PEIHCTOPA, YNPABIAEMOrQ 3JIEKTPH-
YECKH Ha PACCTOSHHH.

M3 T. ¢ nonosxutensibiM TKC HauG. nHTEpec npeacTapis-
0T T., WIrOTOBJICHHblE U3 TBEPOBIX PACTBOPOB HA OCHOBE
BaT103 Takne T. o6bIYHO Ha3. nosucropamu. Mapeetnsr T.
¢ HeBonbmMM mostoxuTenbHbIM TKC (0,5—0,7% K '), BoI-
TIOJHEHHbIE HA OCHOBE Si C JIEeKTPOHHON NPOBOIHMOCTBIO; HX
CONPOTHBJICHHE H3MEHAETCH C TEMI-POH NPHMEPHO MO THHEH-
HOMY 3aKOHy. Taxue T. ucnonwayroTes, HATp., A4 TEMnepa-
TYPHOH eTabHaM3aLHH 3neprm-mux YETPOHETB HA npaniu-
cmopax.

Hum.: WedTeas U. T, Tcpmopemc—ropm. M., 1973; KpusoHo-
cop A M., Kaydman B. A., CraTuCTHYECKHE XapaKTEDHCTHKH [10.TH-
EPHCTAJ/IH4ECKHX TEPMOPEINCTOPOB, M., 1976; Maknu 3. ., Tep-
MODEIHCTOPHI, lEp. ¢ auri., M., 1983, H.T. legmean.
TEPMOCTATUKA —T0 Xe, 4To u MEpMOOUNAMUKA PABHO~
BECHBIX (KBa3MCTaTH4.) mpoueccos. Tepmur «T.» ppeaén M. .
Ban-nep-Baanscom (J. D. van der Waals), Ho He mouydi
PaCIpOCTPAHEHHS.

Jum.: Bau-pep-Buanbe W. ML, KOHCTdMM ., Kypc tep-

MOCTATHKH, nep. ¢ HeM., 4. 1—2, M.,
TEPMOC®EPA — cnoit amMu(‘gﬁepr PACTIONIOXEHHBIH HaL
Mesoeepoii. Huk. rpanuiia T.—wmesonaysa (cm. Mesocdhe-
Pd)—HAXOMWTCA HA BoleoTe z=80—90 KM, a BepXHSf -—~Ha
22500 kM, T.e. Tam, 1/l¢ HAYHHAETCA YCKONb3aHME HaMb.
NETKMX YACTHL (aTOMOB BOJNOPO/d W T€NHs) B KOCMOC (EM.
3xza('¢epa). Temn-pa B T. GRICTPO PACTET € BELICOTOM U JIOCTH-
raet ma z=200—300 kM 500—2500 K. Boluue Temn-pa Majo
HIMEHAETCA € BLICOTOH. C POCTOM COJNHCYHON AKTHBHOCTH
TeMN-pa M €€ BEepPTHKaNbHblE [PdJHEHTHI YBCTHUHBAIOTCA.
IInoTHoeTs Bo3nyxa B T. YMEHBILIGETCA OT 1.8-107% rjem® Ha
7780 kM 10 1,810 715 rjem? Ha z 2 500 kM,

Benue 100—110 kM noyt aedicreuem Y®-nanyuenns Conn-
Ua ¢ AMWHaME BoNn A <242 HM (Av> 5,11 3B) nuecoumupy-
eT MoJekyaapHbi  kncnopon (0y). Tlpn > 150—200 xkm
atomapueiii kHenopoR (O) npeobnagaer. [as pazGUCHHA Ha
aToMbl MoJiekyn a3oTa (N;) nyXHa 3Heprus > 9,76 5B. [lo-
aToMy 0fpajoBaHHe aTomapmoro azora (N) naér ropasno
MepuenHee, yeM O. 3aMeTHoe kosa-po N Habniogaercs nHimb
puime 300 xm. [Ipn 3ToM M B BepX. T. cOXpaHSETCS BbICO-
Kas KOHUEeHTparMaA N,. [dunceounanns O, N, u gp. mMome-
KYJ1 COTIPOBOX/IAETCA YMCHBIUEHHEM CP. MOJIEKYJIAPHOR Macebl
BO3AyXd MO JEHETBHEM rpaBMTAll. paslieiaeHHs rajos. Benen-
CTBHE YBEJIHYEHHSA C BHICOTOH OTHOCHT. KO.I-Ba JIETKHX ra3oB
(0, He, H) ona ymenpmaetcs o1 npubit. 29 ma yposne meso-
nayinl 10 14—15 B6uu3n Bepx. rpavnus T. Tloa uemTBueM
V®-uanyvenus B T. Bo3HukawoT wonsl O, O3, NO*

a TAKKE CBOOGOHBIE JJIEKTPOHBI. Iforstowenne B T. mepruu
KOCMHY. JIyYeH W COJIHEYHRIX YACTHIl— IIDOTOHOB M ANEKTPO-
HOB— TaKXX¢ HPHBOIMT K HOHH3ALMH H AHCCOLMAIIHH YaCTHIL
Bosayxa. Bnaronaps ennbHo#i Hounsanmu T. cocrasnfer 6. 4.
uonocpeper. Ha IBHXEHHE BO3IyXa B HCH BIIMSEOT MAIHHTO-
THAPOAHHAMMUY. CHuibl. BOiMiM reomars. mo:roeos B Bepx.
yacth T. mon aeficTBueM GOMOGApIAMPOBKH BO3/yXd BBICOKO-
JHEPrHYHBIMM NPOTONMAMH H 3NEKTPONAMH BOIHHKAIOT HO-

7 @usudeckas SUIHKIONENHS, T. 5

aspuste cudnuA. B umk. wactu T. 3aKMTaloTCs M Cropaior
METEOPHI.

OcH. HCTOYHHKOM Tcnna B T. CIyXMT 1EPCXOA JHEPrHH
V®-u3sydeHns. NOTPAMEHHONR Ha IHCCOUHAIIMIO H HOHHIAIMI,
B TEN30 NMpPH ABOWHBIX H TPOHHBIX CTOJNKHOBEHMSAX, 4 TAKKE
NPH TYIICHHH BO3OYKIEHHBIX ATOMOB KHCIIOPOM TIPH CTOI-
KHOBEHHAX ¢ Jp. MaCTHUAMH. Teno BLLIEJACTCA TAKXC NPH
JKCCHIANMH B T. aKyCTHY, M FPaBUTAIL. BOIIH, d TAKXE JHEPTHH
TIPOHHKAIOLINX BHYTPh HEE COJIHEYHBIX M KOCMHY. YACTHIL.
MouiekyJibl M aTOMBI KHCIIOPOJA HE MOTYT H3Jy4iTh 00 IbIIMX
xonuiecTB MK-pamnaiun, a cHiabHoM3anyydarowHx razos CO,
W Hy0 8 6. u. T. ver. JIumsb B camMoi nux. vacti T. nex-pyw
POJIb HFPAET OXJIAKICHHE BO3AVX2, MopoXaaemoc UK-u3yye-
HHEM TpExaToMubix rasos: O, H,O u CO;. B uenom oxna-
%nenue T. OPOMCXOOMT B OCH. Ta CHET TEILIONPOBOTHOCTH,
co3/aioNle NMOTOK Teluta B GoJiee XONOAHYIO Mesochepy.
TeMn-pa, TWIOTHOCTh, [MPKYJAIMS BO3AYXA W /IP. MAPAMETPBI
T. MONBEPKEHBI 3AMETHBIM CYTOUHBIM H CC30HHBIM KOJEOaHH-
AM. OHU 34BHCAT OT KO:1cOaHHH WHTEHCHBHOCTH NMPHXOASIICH
COJIHEYHOH PAZHAlHH, KOPIYCKYASPHOTO HAIYYEHHS, a TAKKe
OT Pu3BHTHS IDUBHTAIL W aKYETHY. BOJIH, BOZHHKAIONIHX KaK
B HHKEJIEKAIIMX ATM. CIOfX, TaKk W B camoii T. [IHeBHOe
HarpeBaHHe CONPOROX/I4eTCA paciumpennem T., noavac npe-
pocxoaamM 100 kM, a4 HOYHOE OXNAXACHHE — €€ OCEeAUHHEM.
Yem Gonbiue aktupHocTh CosHNA, TeM OOJNbIIE H BPEMEHHAS
H TPOCTPAHCTBEHHAA WIMEHYMBOCTb TEMI-PhI, TLUIOTHOCTH
M Ap. XapakTepHCTHK T.

Jum.: Xpruan A. X., dudkka armocdepst. 2 H3a., 1. 1, JI., 1978;
Kpeir P. A., Meteoposnorsst u ¢HiHka sepxuci dlMoctbt,pbl, nep.
¢ aurj1, jl., 1970; Atmocdepa. Cripasounnx, JI., 1991,

C. M. semep.

TEPMOYMPYIOCTb —pa3nen MexaHHkH rehopMHpyemo-
TO TBEPNIOTO TeNd, 1€ H3YHAOTCA 3aBHEHMOCTH MEX/1y Hanps-
KEHHAMH, NehOpMalLMAMH H TeMn-poi K paspabatbiBaroTcs
MaTCM. METOMbl PacyéTa TEMINEPATYPHBIX HAIPKCHUA W jie-
(opMalHit, K-pble CYUICETBCHHBI JUIS PALHOHATLHOTO MPOEK-
THPOBAHHMA MAIIMH H KOHETPYKIHH, PaBOTAIOIINX B CIIOMKHBIX
TEMIEPATYPHBIX PEXHMAX.

B npeaenax coxpaHeHHs YIPYrOCTH MATEPHATA KOMIIOHEH-
Thl TE€H30Pd HanpsxeHHH (cM. Hanpaxcenue mexanuveckoe),
Tenzopa Achopmaiun  (cM.  Jedopstayus  MEXaHWYCCKas)
H TCMII-pa CBA3AINbI JIMHEHHBIMH COOTHOLUEHHSAMHU:

o =A0+2pe,; —(3A+2p)aT,

o2 =2pe,
G, =40 +2u522—(3}»+2u)a7"
Oy=

G33=A0 +2|.u:,,—(3}»+2|.t)a7"

HE3 ;.
(9:51 11E€2 +533)~

rae A u p—mnocrosHubie Jlame (cM. Modyau ynpyeocmu),
o — TEMNEPATYpHbIA K0, THHEHHOro paciuHperus, 7—pas-
HOETH MEX /Y TEKYIUIHM 3HAYEHHEM TEMIT-Phl H TEMI1-DOH HeHa-
RPOXEHHOTO COCTOAHHA. C HCNONB30BANHEM COOTTOTUEHHH (%)
MaTeM. 3aJa4H T. QOPMYTHPYIOTCA AHAJIOTHYHO 3a1auaM pn-
Ppy20cimu meopuu.

Jum.: NeiGcuson J. C., Kypc rcopuu yupyrociu, 2 wan, M. —
J1.,1947; Bonu B., ¥V 1ep Jx., Teopus TCMIEPATYPHBIX HALPANKE-
HHH, nep. ¢ anrL., M., 1964. C. Jenckuit.
TEPMO3C —anexTpoapmxyinas euwia U, BOIHMKalolIas
B 3IEKTPHY. HENH, COCTOAINEH H3 HECK. PA3NOPOANBIX NPOBOI-
HHKOB, KONTAKTHI MEXAY K-DhIMM HMEIOT Pasl. TEMI-PhI ( Je-
etexa sexn). ECM DNEKTPHY. LENb COCTOMT M3 IBYX Padil.
TIPOBONHHKOB, OHA HA3. TEPMOJIEMEHTOM HIH Mepsonapoi.
BenmunHa T. 3aBHCHT TONBKO OT TEMI-p  TFOPAYEro
71 W xonomHoro T, KOHTUKTOB W OT MAaTEPHAJIOB MPORO.-
HukoB. B ueGonkmom wmutepBaxe Temm-p (0—100 “C)
U=a(Ty—T;). Koap. o mnaaviBaembii k0. 3eebexa win
TEPMOYIEKTPHY. COCOBHOCTBIO MAPLI, TEPMOCHIIOR, k03, T
yAenbno# T., 3aBHCHT OT MATEPHATA HPOBOJHWKOB H HHTEPBA-
Jta Temi-p (tabi).

Uudpsl, npupenéunsie B Tab11., yenosHsl, T. k. T. 4yBCTBH-
TebNa K MHKPOCKOTHY, KOJ-BAM TNPHMECEH, K OPHEHTALMH
KPHCTa;UTHY. 3¢peH. T. MOXCT BOIHHKHYTh B IIEMH, COCTOALIEH
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TEPMO34C

JHavyeHNS o 115 HEKOTOPLIX METAL/IOB K CIIABOR (0 OTHOWEHKK K Pb
Matepuan o, MKB/K Marepxan o, MKB/K

Sb +43 Hg —44
Fe +15 P —-44
Mo +7.6 Na —6,5
Cd +4,6 Pd —~89
w +3.6 K +13.8
Cu +32 Ni —20.8
Zn +3,1 Bi —68,0
Au +29 Xpomens +24
Ag +2.7 Huxpom +18
Ph 0,0 TMnaTuropoanit +2

Sn —0.2 AmoMens -17.3
Mg —0,0 Koucranran —38

Al -04 Konems —38

Mpumeuanne. 3HAK «+» YKa3bIBAET, YTO TOK TEYET OT Pb Kk man-
HOMY MeTanmy depes Bonee narpeTuld Chnal, a 30aK «—»—depes
XONMOAHKIH CHAM.

H M3 OJHOTO MATEpHala, €CJId €ro pasHble YyYdCTKH HOABEpP-
TaJIiCh pa3Jl. TEXHOd. ONepallHaM, OH4 He MeHseTCH mpH
TOCJICAOBAT. BKJKOYEHHH B LENb moBoro kon-ga Ap. MATepH-
a50B, €CJIH NIOABJIAOLIHECH TNIPH DTOM ACMOJIMHT. MECTA KOH-
TAKTOB NMOJJIEPXHABAIOT NPH OAHOH H TOH Xc TeMM-pe.

Ecnu Baonb HpOBOJNMKA CYHISCTBYCT IDajMENT TeMII-pbl,
TO 3JEKTPOTLl Ha TOpA¥eM KOHLE MpHOGpeTaloT Gonee Bbi-
COKHE SHEPIMH M CKOPOCTH. B molynpoBo/HHKax, Kpome
TOTO, KOHICHTPAIMS SMEKTPOHOB PACTET ¢ TeMn-pod. B pc-
3yAbTaT¢ BO3ZHHKAET NOTOK 3ACKTPOHOB OT rops4ere KORLA
K XOJOJHOMY, Ma XOJIO/ANOM KOHIE HAKAIIHBAETCS OTPHLAT.
3apsai, a Ha ropsaYeM ocraéres HECKOMIICHCHD. 1OJIOXHUT. 3a-
psa. HakonneHne sapsina mposoykaeTcs 0 TeX nop, Moka
BO3HHKIIAA Pa3HOCTH MNOTCHUHAENOB [I€ ABLI3OBET paBﬂHﬁ 06-
PaTHBIA MOTOK NIEKTPOHOB. ANTe6pany. CyMMa TAKHX Pa3HOC-
Tel MOTEHIMANIOB B LEHH CO3MAET OJIHY M3 COCTaBAAIOWNX T.,
k-pylo Ha3. obnéMuoi. [pyrue cocrasasiomue T. cs3ambl
(4 TeMnepaTypHoﬁ 3aBHCHMOCTBIO KONMaKmuod pasnocmu no-
menyuanos W ¢ HpPEKTOM ye.aeuenus I4eKmpoHos PoHOHAMMU.
T. k. yHCTIO (DOHOHOB, NIBMXYIIHXCH OT TOPAYErO KOHLA K XO-
JIORHOMY, BOMBINE, YEM YHCIO DIEKTPOHOB, JIBHXYIIMXCA Ha-
BCTpCYY, TO B peaynLTaTe YBJCYCHHA HMH 3JIEKTPOHOB Ha
XOJ0AHOM KOHIIE HAKATI/THBAETCH OTpHLAT. 'JZ‘IpHIl. ITa coCcTaB-
astomas T., nazuiBaemas T. yBJIeYyeHH s, NPH HUIKHX TEMI-
pax MOXer GLITb B ACCATKH H COTHH pa3s Boutbiire APYTrHX.
B MarHeTHkax HrpaeT ponb TaKXKe YBJICYEHHE 3IeKTPOHOB
MACHOHGMU.

T. MeTa10B 0MEHb MaJId, CPABIKTEIBHO 6oabiue T. B Hoay-
Memdatax A HMX CIJIaBdX, a TAakXe B HCK-PDbIX NEPEXOAHbIX
MeTaJlTax M MX CTlaBax (Hanp., B cilapax Pd—Ag T. noctu-
raet 86 MxB/K). T. B 9THX c1yyasx BeMKa H3-3a TOrO, 4TO Cp.
BHEPIrHA JICKTPOHOR B HOTOKE CHIIBHO OTJIHYAETEA OT FHEPTHH
Mepmn. UHOraa ObICTpble 21¢KTPOHB! OOIEAAIOT MEHBIIHM
kx09. Aubdysnu, yem MeaneHHsie, B T. MeHseT 3nak. Benu-
uyaHa ¥ 3nak T. 3aBUCAT Takke OT (GOpPMBI depmu-nosepx-
Hocmy, Pa3l. Y4acTKH K-pod Moryt Raeate B T. BkJaagbl
NPOTHBOHOJIOKNIOT O 3HaK4. 3HaK T. MeTAIOB MHOTIa MEHseT-
¢Sl Ha MPOTMBOHOJIOXKHEIH MPH HA3KHMX TeMH-pax. B noaynpo-
HO@H“K(IX N-THTIA Ha XOJIOJJHOM KOHTAKTE CKATIJIHBAKOTCH ABIP-
KH, 2 Ha FopsaYemM ocTadres TIECKOMIICHCHD. OTPHUAT. 3apan
{eC/IM aHOMAIIbHBIH MEXaNM3M pPaccesrus nocumeaeli 3aproa
i >PHEKT YBICUCHHS He NPHBOAMT K HepeMeHe 3Haka T.).
B TepMoaneMenTe, COCTOSINEM W3 HONYNPOBOAHHKOB p- M n-
THOB, T. CcKNaAbIBAKOTCH. B HOTYHPOBOMHAKE CO CMELIAHHOM
NPOBOAMMOCTBIO K XOJIOJ(HOMY KOHTA4KTY AHQOYHAHPYIOT
¥ 3ICKTPOMBI M ABIPKHM M MX 3apAbl BJAHMHO KOMIIEHCHPYIOT-
ca. ECTi KOHUSHTPALIHH ¥ HOABHXHOCTH JIEKTPOHOB H JILIPOK
pabHbl, To T. papsa nymo.

Jum. eM. HpU cr. 3ecboka aighekm.

TEPMOYC OCUUJIIALMMN — ocutasusnH Ko3¢. Tepmo-
9/1c KaK §-umH Maru. noas (f/H) B euporcdenitstx noaynpogoo-
HUKAGX TIDA HH3KMX TEMT-DAX H KBAHTYIOLMHX M4rH. TOSX.

JA. C. CmuasGanc.

B marH. mnosnsx ABHXKCHHE HOCUTCIIEH 3apaia B TUIOCKOCTH,
MepreHAHKYAApHOA H, KBAHTYETCS M CHEXYD HOCHTENIeH pac-
MaAaeTCA Ha DAX MOM30H JIaHAay. Pa3fCAEHHBIX IHEPTETHY.
HHTepBAIOM Ao, tac ©,=cHjme—yukiompoiinan wacmo-
ma (18 W3IOTPOTHOTO NApabOiIHY. 3aKOHA AUCIICPCHH HOCH-
Tenei), m-—ofidexmusiias  smacca, ¢—3apsjl  HOCHTCIIEH.
{Laomnocmy cocmosnui (CYMMHPOBAHHASA TIO BCEM TTOA30HAM)
KaK )-IHs 3HEPIHH & HOCHTEJICH HOCHT pe3ko TEMOHOTOH-
HblH XApaKTEP, OCIMIIHPYSA TIPH H3MEHEHMH MO.14 Hec TIEpHO-
oM Aw, H 0Opaltaack B OECKOHCHHOCTh Y IHA KaXAOH MOA30-
Hbl (Ha ypoBHe Jlanjay). ITpH H3MeHEeHHH MarH. 1o:1s YPOBHH
JlaHnay NepeMEINaroTCA OTHOCHTENLHO YPOBHE DepMH &,
K-pbIH TIOC/IC/OBATENLHO MEPeCCKaeT pasil, ypoBun Jlanaay,
BbI3bIBAA OCHH/IASUHH BCIHYMH, 32BHCAIMHX OT IJIOTHOCTH
cocTOAHHI BOAM3M ypoBHs PepMmu, B T. 4, mepmodde. Jas
ua6moueuuu T. o. HCOGXO;U{MO. ‘llOGbl TEIIOBOE Pa3MBbITHE
ypoBHs OcpMH M pa3MbITHE DHEPICTHY. CIIGKTPd 34 C4E1 CTOI-
KHOBEHHH ObUIO MEHBINC PACCTOSHHA MEXAy ypoBHsMH Jlap-
nay: ho.>kT, hw,>ht™" (T—BpeMs pe:lakCaUHH 3Mepruu),
A XMM. TIOTEHNHAT (ypOBcHb DepMu) ObLT JTOCTATOUHO BCIIHK:
S5z 3hw 2.

Ecnu H HanpaBieHo B/OJIb OCH 2, WIGKTpHY. noje E v rpa-
AHCHT TEMI-Pbl vV7T— BJIOJIb OCH X, B CHJIbHOM MAl'H. TI01e
KOMIIOHEHT4 TEH30pd TePMO3AC &, (H) oipeaensceTes ¢-1oi

Aoy =Sjen,

rae §—TIIOTHOCTh 3HTPONHH HOCHTENCH 3aps;ia. K-pdsi B KBaK-
TYIOLIEM MATTL. TOJIe 3aBUCHT OT H 11— KOHUEHTPALUUS HOCH-
Tesiel 3apaga. B BuIpOXACHHBIX MONYNPOBONHMKAX IHTPOMHL
§ HETMOCPE/ICTBEHHO CBA3AHA C OCIMILTHPYIOLICH TLIOTHOCTbIO
COCTORHUI BOMH3U ypoBns MepMHu &

T. 0. HCIOMB3YeTCA B (DU3. HCCINIE/IOBAHNSAX JUIS M3MCDEHHA
3. Maccel HOEHTEIEH 3apAa, TApaMETPOB CIIOKHOH 30OHHOK
CTpyKTyphl M g-daxtopon. TNpeumyiecteo T. o. nepen I vé-
ruxoea—de Xaaza oPgexnost COCTOHT B TOM, HYTO KO3,
TEPMO/IC 3HAUHTCIIBHO Crrabec, YeM 2I1EKTPOCONPOTHBIEHHE,
3aBMCHT OT KadecTsd 0Opa3ua (Heo/HOPOHOCTCH BCILECTRA,
MHKPOTPELIHH H T. IL.).

Jum.: AucenbM A, M., BBeACHME B TCOPHIO 110JIYIPOBOIMKOB,
2m3u, M. 1978; 3ccrep K. ®Ouinka DoaypoBoMIHKOB, 11€P. € AHLL,
M., 1977, Ackepos b. M., DlekTpoHHbIe ABJICHHA DCPEHOCH B 11OMY-
upopoauukax, M., 1983, 10. H. Paeny.

TEPMO3JIEKTPUYECKHUE ABJEHWNA — corokynHocTh
HB.’[CHH;{, CBA3AHHBIX C MOTOKAMHM HOCHTCICH 3apana, Rbl-
3BAHHBIX ['PA/IHEHTOM TCMII+PbI V7 ¥ MCPEHOCOM TCIIA TIEK-
Tpud. TokosM {. K T. 4. 0THOCAT BO3HUKHOBEHHE B 3aMKIyToil
DIEKTPHY. JIeTH, COCTABIICHTON M3 P43HBIX TIPOBO/IHHKOB, fep-
MO?C B YCJIIOBHAX, KOT/1a MECTA KONTAKTOB NO;ICPXHUBAKOTCH
HDH pa3HbiXx Temr-pax (Jeehexa fipexm). B neGoapiiom
HHTEpBAJIe TEMII-p TEPMO3/IC U MOXHO CYHMTATHL 11POTIOPIIH-
ONA;JABHOH DA3HOCTH TEMI-p € K02 MPONOPIHMOHANIBIOCTH
a (koa. Tepmoone, ya. rtepmoanc): U=a(T,—T,). Ko,
3 OnpeaensgeTcs MaTeEpHANaMH NMPOBOIHHKOR, HO 3ABUCHT Tak-
K€ OT TCMH-PHI.

JHApyroe T. 8.— BeleficHde (MM MOTIOWEHHE) Telnla (B 3a-
BHCHMOCTH OT HampapBJICNIHA TOKB) B MECTUX KOHTAKTOR pat-
HOPO/IHBIX POROANHKOB. Kom-BO Terna { npOHOPUHOHAILHO
KOJ-BY JJICKTPHYCCTBA {1, TIPOMICAHIEMY 4YEPER KOHTAKT
Q=mnit, roe [—cuna Toxa, /—BpeMA, T—kod2p. MNeabrse
(M. Tleabmoe sfpexm).

Kak T. 5. paccMaTpyBaeTcs TAKXe BHUICJICHHE (MM MOTJI0-
INEHHE) Tenfia B oOheME NpPOBOJHHKA HPH TIPOTEKANMHH TOKA
1 (B ponomnHenue k Tem10Te JkoY.15), eClM BAO.1b HPORONHEA
cymecTByer tepenan Temn-p: Q=1(T,—-T)) {1, rae T,
T, —TEMI-PBI H4 KOHLAX TPOBO/INMK4, T—Ko3h. ToMcona.
TomMcoH BriBe TCPMOJIHIIAMHY. COOTHONIEHHA MEX/1y T. o,
n=oT, 1=T0a/dT (cM. Tomcona sfiexn).

Knacengukauns T. 2. MOXKCT ObiTh OCYHICCTBIEHA HA OC-
HoBe (PEHOMEHONIOrHY. TEOPHH neperoca dsaenut. B onHopon-
HoOH Cpeac HMET MCCTO COOTHOLIEHHA
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TA€ fin qi, €T/0xz, Ei— KOMIOHCHTBI BCKTOPOB [MIOTHOCTH
TOK4, ILIOTHOCTH NOTOKA TEIUId, rpad. TCMM-pbl M 0606-
WEHHOTO 3ekTpHY. nons (E'=E+ Ve, rae p— XuaM. noTeH-
UHAT JUIA HOCHTEACH 3apAila); Cu, Uik Tiss M — KOMIOHCHTHI
TCHIOPOB WICKTPONPOBOAHOCTH, TCpMODAC, [MenbThe, Tenio-
npoBoaHocTH. [Tpu j=0 u VT=0 umecT mMecto addekT 3eche-
Xa Ei=Zuu 0 T/0x,. Mpu VT=0, g, =X,/ — 2bdext Menbibe.

BOJIbIIHHCTBO 110/1yNPOBOAHHKOB B OTCYTCTBHC MATH. NOJIS
TEPMOANICKTPHYCCKH ~ M3OTPOMKHbL, 7. ¢, TCH30PH Oy M
JAp.—CKanapHblc BenduuHbl. Jns Hux addekthl [Menvive
H 3ccOeka MOKHO HuOJTIOAATH TONLKO B WICKTPHY. MLEMsAX,
COCTAB/ICHHBIX H3 PAIHOPOJHBIX MUTEPHAIOR.

B TePMOIJICKTPHYECKH AHM3IOTPONHBIX MUTCPHATAX (HANp.,
Bi, ZnS) moxHO HabmoMaTh noncpednsic IPpdexThl cedeka
i [MenbThe, €CIM MANPABICHMS TPHJIOKEHHOIO [PATMEHTY
TEMII-Dbl HJIH TOKA j HC COBMAJAIOT ¢ [JI. OCAMH TCHIOPOB i,
ny. B npsMoyronmbHod  miacrtunke pasmcpamu Lo /.
1, BOIMHKAIOT DUIHOCTE HOTGHIMATIOB MCK/TY DOKOBBIMU T'Da-
Bamu U, —u,,AT /yjly BAM TIOMEpCuMBLA TCPEMY/L TCMII-Pai
ATy=w 1 fw, [, VU3MeHCHUS VeHIOPODB oy M Wy B MaTH. ToJE
npusouxr K npouonbuum M IOTCPCHHBIM  TCPMOIATIbBAHO-
MarHHTHBIM SB.ICHASM.

T. 4. MexaT B OCHOBE Pa3dil. TCXH. YCTPOHCTB, TepMOIcMeH-
TR IPUMCHSAROTCS SUIA HCMOCPC/ICTB. MPCBPALLICHUS TCHIIOBOH
JHEPTHH B DICKTPHYECKYIO, & TAKKC I «HCPEKAYKH TCIUIA
1 xonoza». Corsacuo teopun Hodie, adpdekTHBHOCT TepMo-
TeREPHPYIOILETO M OXJIAKIAIOMIEro TCPMOIICMCHTOB OUPENC-
JIAETCA IAPAMETPOM

[, |+, ?

7= »
(i)t

rAe MMOEKCHl # H p OTHOCATCA COOTHETCTBEHHO K BETBAM
€ JKTPOHKON 1 bIpounoll npoBonMocTso. Ecim w,~x%,
H0,=0, To Z=u’c/x. [N AH3IEKTPHKOB U [UIS MCTAJLIOB
Z MaJflo, 2 NOCTHIaeT MAKC. 3HAUCHH B JIET HPOB. nonynposo;{-
HHKaX ¢ KOHUEHTpauHe#l HocuTeneit n~ 10'°—10%°

Jum.: Aucenom A, N.. Bpegesue B TeopHIO nouyupououuuxus,
231, M., 1978; 3cercp K., Dusnka noaynpoBoAHHKOR, NEp. C dHIL,
M., 1977, AckepoB Bb. H., Daeciponusic seICHKS NCPCHOCA B ROTY-
mpoBonEMKax, M., 1985. 3. M. Jaweacruii.
TEPMOIJIEKTPUUECKHUA TEHEPATOP — yetpoiicTno
ISl HETIOCPEACTB. NPeoOPA3OBAHNS TCTIOBOH 3HCPIHH B JileK-
TPHYEEKYIO Ha OCHOBC Jeebexa sgexma. B coeran T. 1. Bxo-
JAT TepMOOaTApEH, HaBPaHHbIE W3 1101y [IPOBOIHHKOBBIX Tep-
MOINEMEHTOB, COCOHHEHHBIX [IOCTIEOBATENLIO HAKM Napai-
nenbo. Mnes MCronb3oBaHMS NO1yTPOBOJHHKOBBIX TEPMO-
MEMEHTOB  BMECTO  METAIIIMY. TCPMONAP NPHHALIEKHT
A. ©. Hogpe (CCCP).

Paznmyaror T. r. HU3KO-, CPEAHE- H BBICOKOTEMIIEPATYPHbIE
(manaszons! Temn-p 20—300, 300—600, 600— 1000 C coor-
BETCTBEHHO); B KA4eCTBE MATEPHAIOB TEPMOINEMEHTOB IPH-
MEHSIOTCA TBEPbIE PACTBOPBI HA OCHOBC XdJIbKOTEHHI0B DJe-
MeuToB V rpynmbl, IV rpynnibl nepHoasty. CUCTEMBI 3IEMEHTOR
R TBEPABIE pacTBOPbI Si— Gce (cM. [Toaynpusoduukossie mane-
puaast). [To THHy Henonbiyemoro uctodHMka Temna T. 1. nae-
JJIATCA HA U3OTOMHbIE (HAHO. PAEPOCTPAHCHBI), COJIHEHHBIC, HA
OPranH4eCcKOM H XHAKOM TOIIHBE M Ap. (¢M. Takxe Coaneu-
HGAR bamapen). Ycnopss paboTel T. T. MpA NOBbLILI. TEMI-pax
TPeOYIOT UPUMEHEHHA NPOTHBOKOPPOIMANOHA ¥ awvucyOim-
Mall. 34LUHTEI TePMO3JIEMENTOB, BBEICHHA MPOCIOEK, CHHXA-
IOWMX XHM. B3aHMOAEHCTBHE 110JIYNPOBO/IHHKOBbIX MATEPH-
0B ¢ KOMMYTall. NEPEMbIYKAMH M COTJACYHIOIIHX HX N0
TepMud. paciidpenuio. Hafjiyuwe UIyHTHPYIOLUHX TEHJIOBOH
TOTOK MOKPBITHH, €034IOLLHX JOMOJINHT. TEPMHY. CONPOTHB-
JIEHHE, HDHBOAMT K CHHKEHHIO KILI NPpeobpa30BaHHs 3MEPTHH,
k-puid s ayyuwmx T. r. gocturaer 153%. MowHocTs paii.
T. r. oT Heck. MKBT g0 Heck. coTex kBT.

Oca. npermyutectsa T. . (1o cpaBncnyio, nanp., ¢ Typbo-
TeREPaTOpPOM)— OTCYTCTBHC JABMXKYILIMXCA HACTEH, BLICOKASA
HAAEKHOCTL, OONbLIOH CpOK CyXOw (1o 25 iier), crocob-

T4 (x,0,)"
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HOCTL paBoTATL B IMHPOKOM [IHANA30HE TCMU-P, ABTOHOM-
HOCTb. T. I. MPHMCHSIFOT B K44CCTBE OCH. M BCIOMOIAT. HCTOY-
HHKOB J/IEKTPONMHTAHHA YJAANEHHBIX H TPYAHOMOCTYIHLIX 110-
TpeGUTCNCH HICKTPHY. THEPI HH (ABTOMATHY. MASIKOB, HABHIAL{
6y€B, MCTCOPOJIOrHY. CTAHLMH, AKTHBHBIX DPCTPAHCIATOPOB
KOCMMY. aNIAPATOR, LTdHuHﬁ AHTHKOPPO3HOHHOMN 3AILMTBI [~
39- # HCHTCMPOBOAOB H 1. AL.). H. B Koaosocy.
TEPMO?JIEKTPM‘{ECKOE OXJIA)KLIA]OII.{ILIL YCT-
POMCTBO — ycTpoiicTBo s TICPCHOCA  TCIIOBOM SHCPUHH
OT TCILIOOTAATYMKA € HHIKOH TEMN-poif K TEHJIONPHEMHHKY
¢ BBICOKOH TeMI-poi, ICHCTBHC K-DOr0 OCHOBaHO Ha [leavnive
aoipexme  (em. Takke Tepmoosexmpuneckue sdaenus). OcH
ynkuHonastbHbii y3ci T. 0. y.— tepmoonexrpuy. Gatapes, Ha-
OpanHast M3 TCPMOBJICMCHTOB, 3JIEKTPHUCUKH  COCAMHEHHBIX
Mexay coboit. [Mpu NpOXOXKAEHHH DNEKTPHY. TOKA (OT BMCHI
HCTOMHHKA) MCPEd TCPMOBICMEHT BO3HHKAET PA3lioCTh TEMI-p
1OPAYEI0 W XOJO0/HOTO CIAEB TEPMONIEMEHTY; TIPH 31OM Hi
XOJIO/THOM CHAC TETI0 M3 OXJIAKIAEMOro BCIICCTBA MOLJIOIA-
€TCA H NCPCAAETCA rOPAYCMY CTAI0 M [4/ICE B OKPYXAIONLIYH
cpesty. OHOBPEM. B LEIHM TEPMOIJIEMEHTA BHIACAACTCA TEILIO,
K-pOc 1epeAadTes XOJMO/HOMY Cildlo HyTEM TEMAONPOBOINOCTH.

T. 9. Y. XAPAKTEPHIYIOTCH PPCKTHBHOCTBIO OXidXKI/ICHHS
Z=0a2c/\, rac & — TEPMODJIEKTPHY. KO3, G U A — YA, KT-
po- M TEHJIONPOBOJAHOCTH COOTBETCTBenHO. [TapamMerp Z—
(-LMH TCMII-pbl H KOHICHTPAIMK NOCHTEIICH 3apsaa, NpHYEM
JUISL KQK/IOM 30 JAHHOH TCMIT-Pbi CYLLIECTBYCT Ol VMM, 3HUYEHHC
KOHUEHTPALHH, (IPH K-POH BeJHYHHA Z MakcuMalbHA, Makc.
CHHXCHHC TCMII-PLI CBA3EHO ¢ BEIHYHNON 3 (HEKTHBHOCTH Bbl-
paxenneM AT,,,.=(1/2)ZT?, rac T,—TeMn-pa X0101HOIO
crias repmodsieMenTa. Cosp. T. o. y. OBECTICYHBAIOT CHHIKCITHE
Temn-pol 0T +20 no —200 "C; MX X0510101POH3BOUTEND-
HOCTB, K4K NpaBuiio, ne 6oace 100 Br.

Mpu usrotosnenns T. 0. y. 0O6bIMHO UCIOIL3YIOT NOAYNPO-
BUOHUKOBbIC  Marepudabl, 1IDEHM. XWIbKOI'CHHILI BHCMYTa
1 cypbMbl. Tak#e coeMHENHA SBAAIOTCA Y3KOIOHHBIMH MOMY-
HPOBOJHHKAMH C BBLICOKOH HOJBHXHOCTBIO HOCHTCIICH 3apaaa,
I8 K-pbIX XdPAaKTEPHO K TOMY K€ YBEJIMHEHHC /mepmodoc
B yMepeHnbIX Marn. Hossx (ao 1 Tun). Mporusokopposuonnas
M aHTHCYOIHMaL,. 3a1HTA TepMoaicMenToR B T. 0. y. ocylue-
CTBISIETCA HYTEM 3aJIMBKH TCPMOOATAPEl IIOKCHAHBIMH KOM-
MAayNIaMH,

T. 0. y. OTIMYAIOTCA TPOETOTOH YNPABJICHHA, BO3MOXHO-
CTBIO TOHKOTO PETyJAPOBAHHUS TEMI-PbI, OECIIYMHOCTbEO, Bbi-
©OKOW HAJEXNOCTLIO PadoThl; HMEKOT NMpaKTHHecKH Ocarpa-
HUYHBIA Cpok cinykGpl. OcH. HepocTaTok T. 0. y.—Manas ap-
dektuprocte (no 10 ~!). T.o.y. npumcustorcs mas
OXJIAKICHHS ¥ TEPMOCTATHPOBAHUS TCPMOUYBCTBHT. JJIEMEH-
TOB PAJMOI.ICKTPOHHOM H OHTHY. ANHAPATYPhI, 4 TAKKE B Obi-
TOBBIX H TPANCIOPTIbIX XOJIOAHIbHHKAX, TEPMOCTATAX, MEIIH~
ko-0uou. npubopax (Hamp., Kpu030H}'lax) HT.

H. B. Kuaosoey,
TEPMOYJIEKTPOHHAS IMUCCHUSA — ncHyckanme onex-
TPOHOH HATPETHIMM TEKAMH (3MHTTEPAMM) B BaKyyM HIM /ip.
cpeay. BeliiTi H3 Tena MOTYT TOJIBKO T€ UEKTPOHBI, JHEPIUS
K-pbix GOMbile JHEpPriH MOKOAILETOCH BHE IMHTTEPA 21EKTPO-
Ha (CM. Paboma uixedd). YACIIO TAKMX 3JIEKTPONOB (OOBIMHO
9TO WIEKTPOHBI ¢ DHeprMAMH 2 | 3B oTHOcHTe bHO depmu-
YPOBHSA B IMMTTEpPE) B YCIIOBHAX TEPMOAHHAMHY. PABHOBECHS
B cOOTBeTCTBHH ¢ PepMu—/lipaka pacnipeaeIenieM HUHTOX-
HO Ma10 npH TeMn-pax 72300 K u 3KCroHenHaIbHO pactéT
¢ T. [Mosromy Tok T. 2. 3aMeTeH TOJILKO JUIA HArPeTBIX TEIL.
BbIieT 31eKTPOHOB HPMBOIHT K OX/IAXICHHIO aMHTTepa. [Mpu
OTCYTCTBHH «OTCACHIBAOILETO» INEKTPHY. NONA (HIIH IIpH Ma-
JVOH €TI0 BENMYHHE) BLIIETEBILIHE 3IEKTPOHB 00pa3ytoT sOIHIN
HOBCPXHOCTH MHTTEPd OTPHUATE/IbHbIA HPOCTPAHCTB. 34PAA,
OT pAHHYHBAIONIHIH TOK T. 3.

OcHoBHbie COOTHOWEHHS. [IpH MAJTBIX MATIPAKCIHAX V MCXK-
Ry MUTTEPOM W AHOLOM ILIOTHOCTh TOKA MOMOZHEPrETHY.
3JIEKTPOHOB OIHCHLIBACTCH HIBECTHOA (-NIOH (3KOH TPEX BTO-
pblx) j~ V32 (M. Jenemopa opmyaa), yasT pastoca CKOpo-
CTei 3JIEKTPOHOB, HPEOIONEBAOIIHX CO3NANHBINA IPOCTPAHCTB.
34PSAOM NOTENL. Oapbep, 3HAHHTENLHO YCNOKNHET (-sy, HO
XAPAKTEP 3ABHCHMOCTH j(}') HE H3MCHSETCS, NPH YBEJIMHEHUH
¥ NPOCTPAHCTB. 3apAJ PACCACHIBAETCS W TOK JOCTHIAET HACKI-
LIETHS jo, A NpH JajibheduleM pocre V tok cnabo pactér
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B COOTBCTCTBUH ¢ Hfommyy »fi- J
gekmoy (puc). B cunpHBIX Jof
(K> 10° Bjcm) onekTpus. no-
nax k T.o. noBasnseres aanio-
DACKIIPOTNAH IACCHS (TCPMO-
ABTODIEKTPOHHAS IMHCCHS). fa A v
BhlpaxeHHC LT ILTIOTHOCTH
TOKd HACKOIETHA j, B CHITY
TPHILANA IETAILIOIO PABHOBCCHA MOXKET ObITh MOIYUEHO
nyTéM pacHéra MOTOKL HCKTPOHOB W3 BAKYYMA B IMHUTTEp.
B yCAOBHAX TCPMOAMPAMUY. PABHOBCCHS JTOT MOTOK JIOTKEH
COBMANATHL C [IOTOKOM 3CKTPOHOB. BBLICTAIOUIMX B BAKYYM.
B NMpeanoiokeHHn, 10 NOBCPXHOCTb IMHTTEPA O/HOpPOINA,
BHEIIL NOJIC MANO, d KO, OTPAKEHHUS LICKTPOHOB OT NMOBEPX-
HOCTH IMHTTEPA B BAKyyMce r B 0B.1acTH >neprufi ~ kT BOAH3H
VYPOBHS BAKYyMa €1aB0 34BHCHT OT JHEPrHH H HE EMIIKOM
OIH30K K CAMHHIE, TAKOH pAcyéT MPHBOJAMT Kk ¢-nc (dop-
My:1a Puuapacona — cimmMana)

Te=const

Jo=AT?exp(—®/kT). (=)

3nees A=A,(1—F) (vepra Haja r O3Ha4acT YCPETHEHYE HO
JHEPrHAM JnekTpOHOB), Ag=4nekim  h=1204 Ajem? - K2,
®—padoTa BbIXOJA INEKTPOHA. l'[pc,qnonox(euue o caaboi
3ABHCHMOCTH r OT )r2PTHH HAPYUIAETCS THINb B HCKTIOYHTENb-
HBIX {HO BCC € PEeaNbHBIX) CNYHasX, KOT/la YPOBEHb BAKYYMa
NONAIAeT BRYTPh OIHOH U3 3aNPEEHHBIX 3011 B 2EKTPOHHOM
cnekTpe TBEPOTO TeNna HIH COOTBETCTRYET K.-i1. /Ip. 0COOEH-
HOCTAM B CeKTpax 0OBEMHBIX H MOBEPXMOCTHRIX COCTOSHUI.
PaBoTa BbIX0Tda METAJIOR Cabo 3aBUCHT OT TeMN-phl (BCne-
CTBHE TCIIIOBOIO DPACHIMPEHUS); OBBIYHO 2Ta 3aBMCHMOCTh
suneiinas: @ =do+ o T, a~10"*—10"° 3B/rpan; npuuém xo-
2. % MOKET ObITh KAK NOIOKHTENEN, TAK H OTpHUATCIeH. flo
JTOW TIPHYHHE, O/IHAKO, ONPENCIACMbIE MYTEM IOCTPOEHHS
rpadHKa 3aBHCHMOCTH jo/T? ot |/T B nonynorapupmus.
KOOPJIMHATAX (METOMI MpsMbiX PHYAD/ICOHA) BEJTHUMHBI OTH-
yatores oT @ u 4 H3 1wl (*). dns GonabiMHCTBA YHCTHIX
METANNIOB HARJIGHHBIC T. 0. 3HA4YeHUs 4 HaMeHstoTes oT |5 no
350 Ajem?-K?

Brmsinne npumeceit u acdexton. [1opepxHOCTHBIC MpHMecH
M JICHEKTHI JIAXKC TPH MAJIOH WX KOHIIEHTpaTuH (2 107 ° MoHo-
€J10R) MOTYT OKA3BLIBATH IHAYHT. BIHIHHE HAd TEPMOJIMHCCHOH-
HHIE CBOACTBA MCTAIAOB M TONYNPOBOJHUKOB H HDHBOMAT
K 3aMCTHOMY pasfpocy 3Havennii paborer Beixoma ( 20.1 2B).
K 4Hcny TAKHX 3MHCCHOHHO dKTHBIbIX MpuMece# OTHOCATCH,
HAND., ATOMBL UIICIOYHBIX H IEIONTI0-3eMCIThHbIX YICMEHTOR
H HX OKHCITH, BOIHUKAROINAS TIPH AACOPOIHH 4TOMOB H MOJIC-
KYJ KBAHTOBOXHM. CBA3b HHAYIMPYCT Nepepacnpe/eieHue 3a-
PSIOB MEXRY ACOPOUPYEMBIMH ATOMAMH (414 TOMAMH)
1 COBCTBEHHBIMH TIOBEPXHOCTHBIMH ATOMAMH IMHTTepa. Ha
GONBIIMX PACCTOAHHAX OT A/TATOMI CO3JLdBACMBIHA 3THMH 3apA-
JIAMH TIOTEHIIHAT MOXel ObITb ONUCAH B TEPMUHAX MYIlb-
THOONLHOTO PA3NOKCHHA, T.€. B BH/E CYMMbI JIHNOJBHOTO,
KBa/IPYNOJbHOTO H T.[. TOTEHIHANoB. W3MeHeHHe paGoThl
BBIXOAA (IMMO:BHBIH CKAYOK TOTEHIHANA) ONPeJeNAeTCA JIH-
NoNbHLIMA MOMCHTaMH A®=4neNd, rae N,— NOBEPXHOCT-
Hasl KOHLEHTPAUMS 3TdTOMOB, d— HHONbIbIA MOMeHT. TTpH
3nanenusx d nopsaka sHeck. J (1 J=107"'% e,l CTCE) yxe
Mable Koa-Ba HpuMeced (N, ~ [0'2—1013 2y, cocTanns-
tomue Beero 0,1—0.01 mMonocnoiinoro nopoTuw NPHBONAT
K 3MCTHBIM H3MeHeRHAM paboThi Bhixoma: A®~107*—
10! 5B. IMUCCHOHIIO AKTHBHBIE TIPHMECH KAK Pa3 M XapakTe-
PH3YIOTCA BLICOKHMM 3nadeHHAMM ~1—10 [I; pexopnHbie
3HaueHHs d~ [0 1 cooTBeTCTBYIOT afcopOiuy uesus. MiMene-
Hye pafoThl BBIXO/A OHCHIBAET YCPEANCHHOE B/LOJb TOBCPX-
HOCTH H3MEHEHHE NOoTeHIHaNd. MHKPOCKOTIHY. CTPYKTYpa HH-
IOYLMPYEMOTO 4 aYOMAMH BOIM3IH TOBEPXIIOCTH NOTEHUHATA
COKHA. B 4ACTHOCTH, Ha HEK-POil 44CTH MOBCPXHOCTH CYLICCT-
BYET MOTEHIL. Hapbep, 3aTPY/IHAOIHA BBUICT B BAKYyM Jlek-
TPOHOB C HHEPrHAMH, ONHIKUMH K NOPOTOBBIM. OmHaKko
B GonbimHeTee caydaes d~1 J1 w npu Takux d Sapbheph
TYHHE.TBHO MPOHHIACMBI — «TIPO3PAYHEY». B 9THX Cilyyasx W3-
MEHEHHS CBS?AHbI ¢ KBAHTOBOMEXAHHY. PACCCAHHCM M HHTEP-
(epennued aekTponos. IpUMecH U AcekTbI MOTYT CTHMYTIH:
poBaTL NEPECTPORKY NOBEPXHOCTH, 9TO TAKKE BIWAET HA

JMHCCHOHHBIE ¢BoicTBa. Kpome ajcopbuMH  mpumecnbix
ATOMOB Ha MOBCPXHOCTH, UCTONHHKAMH €€ 3drPSIHEHUS MOT'YT
CNYKHUTh TIPOLICCChI CETPETALIMH M NOBEPXHOCTHOH bidy3un,
BCCbMa YDOCKTHBIBIC IPY OB 1CMIT-PaX. s yCTpaHCIns
HEKOHTPOJUPYCMOrO BIMSHUS JrpHIHALOUIMX TpUMCCCH W no-
JTyHCHUSA BOCTIPOMIBOUMEBIX DE3Y:1LTATOB IPH HAYHCHHM IMHC-
CHOUHEIX CROACTB NMOBCPXHOCTEH HCOGXOAMMO NPOW3IBOUTH
mmcgenuw B YCIIOBMSX CBEPXBLICOKOTO Bakyyma ~107 o

MM DT.CT. (IOTOK aTOMOB U3 FA30BOH Cpefibl Ha To-
BEPXHOCTh, CORAOIHN 3a | ¢ MOHOCNIORHBIE MOKPBITHSA, €ooT-
BETCTBYCT HPH KOMHATHOH TCMmIl-pe JIaBicHHIO ~ 0 7¢ MM
PT.ET.); IPH 3TOM HEOOXOTHM KOHTPOIb 3k COCTABOM H Eprx-
TYpO# NOBEPXHOCTH C MOMOILBIO COBP. MCTOAOB CNEKTPOCKO-
ITHH HOBEPXHOCTH. Hauayuuine 06TLeKThl ANS WAYHCHHA Mexa-
HH3MOB IMHECHH — OT/1. TPAHH MOHOKPHCTANIIOB NEPCXO/HbIX
METAJIIOB, JIOMYCKAIONIME BLICOKYIO CTENEHb OMHCTKH W OT-
JIMMAOILMCCSA BBICOKHM COBEPIICHCTHOM CTPYKTYDPBI NOBEPX-
HOCTH.

ToTenuman cun wiobpanenns ([1CH), He apIatoUmiica 31ek-
TPOCTATHY. MOTEHIMANOM H N YJIORIETBOpAONMA [Tyuccona
¥paguenuro B BAKYYMC, ONHCBHIBAET 1IOTEN!L. JHCDIMIO B3AHMO-
JcHcTBHA onekTpoHa ¢ murTepoM. [TCHU maér samcrreni
BKJTaJ B paboTy Bbixoa (< | 2B) u nposBaseTcs 06hMHO Ha
paccTosHHsx oT nosepxtiocti =< 100 A. Ero ocofble cBoifcT-
BA CHS3AHLI C «KY.TOHOBCKHMY» BHIOM JdBUCHMOCTH OT KOOp-
AuHat Vo~ (BMIOTL JI0 PACCTOSHHIA OT NOREPXHOCTH NO-
PAIKA MEXaTOMHLIX). JIRuKeHHC 21eKTPOHA B NOJIE TAKOro
NOTCHIIMANA OKA3BIBACTCA CYINECTBENHO KBAHTOBWIM. TIpH
JTOM BBHAY (POPMANBHON AHANOIMH AHAIH3 PEIHEHHH COOT-
BETCTBYIOUEro yp-uus Lpénnurepa 1 cBOHCTBA caMHX pente-
HHH BNHIKH K cnydato oBkMHOrO 3-MCPHOTO Ky;J1OHOBCKOrO
NOTENIMANA. B HaCTHOCTH, €CIH DICKTPOH HE MOXeT NPOHHK-
NYTb BHYTPh 3MHTTEPA (B CHIIYy OTCYTCTBHS TaM OOBEMHBIX
COCTOSHHHA ¢ COOTBEICTBYIOMIEH IHeprucii). To IMTCH unaynn-
PpyeT MOBCPXHOCTHBIC COCTOSHUS C KY.TOHOBONOTOGHBIM CMEKT-
pom (coctosuusa FICH). Eciti xe HIcKTPOH MOXCT NMOKHHYTD
YPOBCHL B pe3y/inTaTe TOTO WIIH HHOTO NMPOLECCH, HO BeposT-
HOCTh 3TOTO COOLITHA Mana (KaK 9T0 4acTo GbiBaeT B NelCTBH-
TENLHOCTH), TO HOBEPXHOCTHBIC COCTOSHHA CTAHOBSTCH PE30-
HAHCHBIMH, & YPOBHH JHCPTHH NMPHOBPETAIOT KOHEYHYIO IIHPH-
HY. DNEKTPOHbI, HAXOIAUIMCCH B HENPEPHLIBHOM CTEKTpE,
JBHFASCh HAA TOTEHIL. AMOH, «MYBCTBYIOT» HaJM4HC B Hel
YPOBHS CBS3AHHOTO COCTOSHHMSA € MANIOH NO CPABHCHHIO ¢ Iy~
GHHOWM AMBI JHCPrUel CHAI3M, CCTH MX JHCPTHA HEBEJIMKA (CPaB-
HHM4 ¢ TryOUHON 3ancraHHs ypoBHA). B Takom cnywae daex-
TPOH 3a CYET 3((EeKTOB MHOTOKPATHOrO HaAbaphCcpHOro oT-
paxeHHs MoxeT S(CKTHBHO 3aXBATBIBATLCA B 06aacTh
JIEWCTBHA TOTEHIHATA W PACCESHHE NPHOOPCTACT PE3OHAHC-
HbIH X4pAKTep, DTO ABICHAC HPHBOIHT K PEICHAHCHEIM OCHMI-
JIANHAM B 3ABHCHMOCTH KOJ(). OTPAXKEHHS OF BHCIL NOJS.
BeposiTHOCTL BBIXOJA B BAKYYM 3IICKTDOHA, JIBHTAKOLICTOCH
H3HYTPH TBEP/IOIO Te:ld K Cro NOBCPXHOCTH, CBAIAHA ¢ KO3,
OTPAXKEHHA COOTHOIICHHAMH YHHTAPHOCTH. HBJISIONIHMHCS
KBAHTOBbLIM 4HAIOTOM NpPHHIHNA JIETAILHOTO  PABHOBECHS
H OBCCHEYMBAIONTHMH 34KOH COXPAHEHHA 4ucna, wacTHIL Flo-
ITOMY B HOJIEBOH 3aBHCHMOCTH ToKa T. 3. Takxe Hab1I0aaK0T-
ca cnabbic (o Beé ke 3aMCTHbIE) OCLHATAIHMA. B npeiene caa-
BbIX MOICH BE.THYHHA r W 3ABHCUMOCTDH r OT SHEPIUH CyMmecT-
BCHHO ODYCITIOBJICHBI BHAOM 1OTCHITHANA.

Eco noteniman foctatonHo 6uictpo (BbicTpee, HeM z %)
CTPEMHTCS K CBOEMY ACHMITOTHY. IHAUCHHIO. TO r CTPCMHTCS
K €IMMHIE, a BEPOSTHOCTh BBIXOJA JIIEKTPOHA B BAKYYM 06-
PAUIAETCA B HYNb MO 3aKOHY &2 BO.M3M MOpoOra IMHCCHH
{E, —HYaCTb JHEPruM YIEKTPOHA OTHOCHTCIBHO YPOBHA BaKy-
YMa, COOTBETCTBYIOTIAS JIBHXEHHIO IEKTPOHA MO HOPMANH
K TIOBCPXHOCTH, HHAYe roBOPS, HOPMAJTBIAS KOMMOHEHTA TOJT-
HO#i JHEPruM HNekTpoHa). B crydac MeaTeHHONIMCHAIOIIHXCS

Z IOTEHIIHATIOB, K K-pbiM oTHOCHTCA M [TCH, ux manuuue He
HPHBHOCHT JIONO.THUT. OCOOCHHOCTCH B JHEPreTHY. 3aBHCH-
MOCTb 7 BOAH3M ypoBHS Bakyyma. lTosromy Benuunsa (1 —r)
3 §-2bl (%) B GONBINMHCTEE CJIy4dCB OKA3BIBAETCH HE CIH-
KoM Ma1oi. JIuinb B CIy4asx, KOFJid YMUCCHS OCYUIECTBAS-
eTCH B CPC/ly € Mol Xapak IepHOH JUTHHOR JKpaHHPOBAHUA
TONS, HE TpeBhiratoled BCIHYHH < LOOA (oBumumx s
obnactr aciicteua FICH). r okazsisacrces 6.IH3IKHM K eTHHHIE,




Tepmod/1eKTPoOHHAS IMHCCHA H3 HOJIYNpPoBOAHHKOB. P-11a (*)
npuMeHHMa U 1 onucaHds T.3. U3 nonynpoBoaHukoB. On-
HAKO BJIHAHHE TEMII-pbl, JIEKTPHY. MOJA, MPHMECEH B HMHT-
Tepe U T. I. HA SMHUCCHOHHBIH TOK U Ha BeJIHYMHbI @ U A B 3TOM
cilydae CYLIECTBEHHO HHOE MO CPaBHEHHIO ¢ MeTautaMu. Pa3s-
JIHYHS 00YCIIOBJIEHBI MaloH KOHLEHTPALMEH JIEKTPOHOB MpO-
BOJMMOCTH H HaJH4YHEM JIOKAJIM30BAHHBIX MOBEPXHOCTHBIX
EKTPOHHBIX COCTOSHHUH, BIHSAIOIIMX Ha PacnojiOKeHue YpOB-
H depMH &F Ha MOBEPXHOCTH NMOJYNPOBOJIHUKA, BIUIOTh A0
€ro «3aKpeIUICHUA» B HEK-pOH TOYKE 3anpelléHHOH 30HBbI (CM.
Ilosepxnocmuvie cocmoanun, Iosepxnocms). Ilpu 3ToM 6 Ha
NOBEPXHOCTH NOJYNPOBOAHHKA H ® MOYTH (C TOYHOCTBIO A0
peiuuHH ~ 0,1 3B) He 3aBUCAT OT &F B 06BEMe (T.€. OT TUNA
H KOHLIEHTPALMH JICTHPYIOILeH npuMecH). Takoe 3akpenieHHe
CBSI33HO C NMOBEPXHOCTHBIMH COCTOSHHUSAMH JAOCTATOYHO O0JIb-
ot (= 10'? cM ~2) KOHLEHTPALMH, UHAYLHPOBAHHLIMH B OC-
HOBHOM cOOCTB. aedeKkTaMH KpHCTaslia, BOSHHKAIOLUUMMHU NPH
BO3/ICHCTBHM Ha MOJYNPOBOAHUK pa3i. BHell. ¢aKTOPOB, Ta-
KHX, Kak aJacopbuus, MexaHH4., TepMu4. obpaboTka M ap.
B atoMm cnyuae xapakTep T. 3. aHanoruyed T. 3. H3 METaJIOB.

Ha nocTaTo4HO YHMCTBIX U COBEPILIEHHBIX MOBEPXHOCTAX IO-
JYIPOBOJHHKOB TUIOTHOCTb COOCTBEHHBIX  (3aMOJIHEHHBIX
H MYCTDLIX) MOBEPXHOCTHBIX COCTOSHHII B 3anpelEHHOH 30He
HEBEJINKAa H ypoBeHb (PepMHU HA NMOBEPXHOCTH MOXET Nepeme-
HIaTbCA BHYTPH 3anpellléHHOM 30HBI, Clenys 3a ero noJjoXeHH-
eM B 06béMe. T103TOMY NMpH M3MEHEHHH THNA H KOHUEHTPaluy
npuMeceit B 06béMe MOJTYNPOBOAHHKA U3MeHAOTcS @ H Tox
T.s. KpoMe Toro, 371ekTpHY. NoJjie B TAKHX HOJIyPOBOJHHKAX
He 5KpaHHpYeTC 3apAAaMH NOBEPXHOCTHLIX COCTOSHUMI H MpPO-
HHKAeT B IMHUTTEp Ha 3HAYUT. [TyOMHY, YTO NMPHBOJAMT K H3-
MeHeHHIo @ 32 CuéT NPHINOBEPXHOCTHOrO H3ruda 30H | K pa3o-
IPEBY WIEKTPOHHOrO ra3a MoJeM.

AHaJIOTHYHAsi CUTyalusl BO3HHKAET U B TOM CJy4ae, KOrja
BHEWL. TOJI€ MPEBBILIAET BEJMYHHY, TOCTATOYHYIO IS yCTpaHe-
HHES 9KPAHUPYIOLLErO BIMSHUS NOBEPXHOCTHBIX COCTOSIHUA. [1o
3THM NPHYHHAM OTOOP TOKa IMUCCHH U3 MOJIYNPOBOIHUKOB (B
OTIHYHE OT METaJUIOB, TAe 3TH 3EKThl OOBLIYHO Malbl)
MOXET NMPHBOAUTL K 3HAYMT. HAPDYUICHHIO TEPMOIMHAMHY.
pasHOBecHs. Oco6ad CUTyalMs BO3HHMKAeT HPHU HMHCCHH H3
CHCTEM C OTPHUAT. JJIEKTPOHHBIM CPOACTBOM (cM. Pomo-
3MeKMPOHHAA IMUCCUA), B K-DbIX HEPABHOBECHBIH XapaxTep
nponeccoB 3MUCCHH (B T.4. U T.2.) 0OYCIOBJICH H3HA4alh-
HEIMH OCOOEHHOCTSMU MPUMOBEPXHOCTHOM JHEpreTud. CTPyK-
TYphl SMUTTEPOB.

Bausmwe nHeoanoponmoctei. [loBepxHOCTh GOMNBIIMHCTBA
SMHTTEDPOB HEOJHODOIHA, HA HEH CYLLECTBYIOT «ISATHa» ¢ pas-
HOM paGoToit Beixona. Mexy HHMH BO3HMKAE€T KOHTaKTHas
Pa3HOCTb MOTEHUMANIOB A@ M 3JEKTpud4. MoJsA (mOds MATEH)
BENIMYUHOH ~ A@/R (rae R—xapakTepHblif pa3sMep HEOTHO-
POHOCTEH). DTH MOJIA CO3AAIOT AONOJHHT. MOTCHI. Oapbepsl
I 3MHTHPYEMBIX 3JICKTPOHOB, YTO NPUBOIUT K oJjiee CHJIb-
HOH 3aBUCHMMOCTH TOKA OT QHOJHOIO HaNpsKCHHS (AaHOMAJib-
HHH 3bdexkt loTTKH), a TaKXe YBEJHYHBAET 3aBUCHMOCTH
toka oT 7. Ilockonbky pa3Mepbl HEOAHOPOAHOCTEH OObIYHO He
Maibi, > 100 A, a 3Ha4eHHS PA3HOCTH MOTEHIHATOB MEXIY
cOceIHUMH nsiTHAaMH ~0,1—1 3B, TO THNHYHBIC BEJIHYHHBI
nonei nated He Benuku (~ 10* B/cM unu menbuie) U TpebyroT
A CBOETO (PACKDBITHS» OTHOCHTEJIBHO MAJIBIX (MO CpaBHe-
HHIO €O ClTy4aem HopManbHOro 3ddekta loTTkH) BHEW. NO-
ned, ¢ YeM H CBA3aHA OOJbllasi BeJMYHHA (4HOMAJIBLHOCTD)
3pdexTa B cyuyae HEOAHOPOAHBIX MOBEPXHOCTEIH.

Ecnu MoBEpXHOCTH CHIIBHO HEOJHOPOHA, TAK YTO Pa3Mephl
SMHCCHOHHO AKTHMBHBIX TMATEH P 3HAYUTEIbHO MEHbILE pac-
CTOSHHA MEXJy HMMH, TO MOTEHLHAJT ¢ OTJ. NATHA HA pac-
CTOSHHAX P OT HEro MOXET ObITh INPEACTABIACH B BUAE
CYMMBI JMNOJIBHOTO, KBaJAPYNOJBHOTO H T.A. CJI4TaeMBbIX.
B 9acTHOCTH, 34BUCHMMOCTH MOJA ISTHA OT DPACCTOAHHA 10
NOBEPXHOCTH z H4J LEHTPOM MATHA B ITOM ciy4vae OJH3ka
k cTeneHHOH. TMocienHee 06CTOATENLCTBO (B MOJIHOH aHAso-
THH ¢ HOpManbHbIM 3¢ dexToM IIOTTKH) IPHBOAUT K CTENCH-
HOH MM OJIM3KOM K HeH 3aBUCMMOCTH BEJHYMHBI CHHXKEHHS
NOTeHL. Oapbepa HaJ LIEHTPOM NSATHA A@ OT BHEll MOJA
E (danp., B ciyYde YMCTO JMMOJILHOIO MOTEHOMANtd @~z 2
1 Ap~ E*3). B peabHbIX YCIOBHSAX 3aBHCHMOCTb MOTEHIIHATA
OT KOODHHAT 00JIee CIOXHA, OJIHAKO KAYECTBEHHO (GaKTODhI,

onpeenslollie BUI NOJEBOH 3aBUCHMOCTH TOKA B YCIOBHAX
aHoMmansHOro pdekra loTTKH, OocTaroTca Temu xe. Kpome
TOro, BCErja CyLECTBYeT pa3bpoc 3HaYeHHH mapameTpoB He-
OTHOPOJIHOCTEH, 4 B HEK-PbIX CJy4YasX (HAMp., JUIg SMUTTEPOB,
NPUTOTAB/IHBAEMBIX M3 MEJIKOJHCIEPCHBIX NOPOIIKOB) HEpap-
Xdsi pa3MepoB MOxeT ObiThb BecbMa Goraroit (ot 100 A no
10—100 MkM). [Tpu 3TOM ¢ pOCcTOM N0/ HPOHCXOAHT MOOYE-
pENHOE PACKPbITHE NOJIEH MATEH, YTO 3HAYHTEIBHO PACUIMPACT
MOJIEBOM AMANAa30H TpPOSBJICHUS 4AHOMAJbHOro 3ddekTa
MfoTTkH.

Buant tepmodmurrepos. K umciny HauG. u3BectHbix 3¢d.
IMHTTEPOB OTHOCATCSA OKHCIIbI LIEOYHO-3EMETIbHBIX, PeKO3e-
MEJIBHBIX H JP. 3IEMEHTOB, OOBIYHO HCMOB3YEMbIE B BHIEC
cMeceii ¢ pa3JIMYHbBIMH (B 3aBUCHMOCTHU OT Ha3HAYCHHA KaTO/a)
nobaBkamu (cM. Tepmosaexmpounstii kamod). CaMbIM TO-
MyJIAPHBIM SABJISETCA KATOA Ha OCHOBe cMecH okucioB Ba, Ca
U Sr— OKCHIIHBIH KaToa. Byny4Yd coeMHEHUAMH C IPDKO BbIpa-
®EHHOH MOHHOH CBA3bIO, OKHUCIBI 0071a13aI0T OTHOCHTEJILHO
MaJbiM ( < 1 3B) 371eKTPOHHBIM CPOACTBOM, LIHPOKOH (MOps-
Ka Heck. 3B) 3ampeiiéHHOH 30HOH M ABJIAIOTCH H30JATOPAMH
MIPH KOMHATHBIX TeMI-pax. [l peaJH3allii BEICOKHX IMHCCH-
OHHBIX CBOMCTB HCIOJIb3YETCS MpOlECC TepMooOpaboTKH, BO
BpeMS K-pOTO NPOHCXOAAT OYMCTKA MOBEPXHOCTH, oOpa3oBa-
HHE JOHOPHBIX LIEHTPOB, GOPMHPOBAHUE CTPYKTYPHI IMUTTEPA
H ONTHM. COCTABAa €ro MOBEPXHOCTH. [IOHODLI, K-pble B TAKOTO
pPOJa COETMHEHHSAX MMEIOT, KAK NPaBUJIO, BAKAHCUOHHYIO MpH-
POy, BO3HUKAIOT B pe3yJibTaTe KOHKYPCHUMH MEXAy Mpolec-
CaMH J1eCOPOLIUH H aAcopOIHH aTOMOB (IPOHCXOA[LIHMH NPH
MOBBILI. TEMI-Pax B YCJIOBHSX OTHOCHTEJLHO HEBBICOKOIO Ba-
kyyma) ¢ nocnueaytoueit auddy3uei BAKaHCHH B 00BEM IMUT-
Tepa, a TAKXKe U B Ap. npoleccax. Bo3Hukarollas HecTeXHOMET-
pHS COCTaBa KaToja, oCOOEHHO COCTaBa €ro NpHIOBEPXHOCT-
HOM 00J1aCTH, 3HAYUTEIbHA, HO BCE XKE HE HACTOJIBKO, YTOOBI
006pa3oBbLIBAIMCE CIJIOIIHbIE TOHKOCJIOWHBIE NOKPBLITHS IIO-
BEPXHOCTH aTOMAMH METAJLJIOB. BaxHylo ponb B popMHpOBa-
HHUM U PaboTe KATOAa UrPAIOT MPOLECCh! IOBEPXHOCTHOM -
(py3un aToMoB (B T.4. u audpdy3us no rpanuuam 3épeH). Ouu
UMEIOT OOBbIYHO aKTHBALl. XapaKTep; IIPH 3TOM JHEPrus ak-
THBAIMM NOBEPXHOCTHON nuddy3uu (<1 3B) 3aMeTHO MeHb-
11le, YeM DHEPrHs aKTHBAIMH 0OBEMHOrO mpouecca. [loaTomy
BO MH. cJTy4asix NoBepxHOcTHas auddysus 6omee >dpdekTnpHa.
Ha xoHTakTe NOJynpOBOJAHUKOBOIO IMHCCHOHHOTO C/10S € Me-
TAJIOM MOIOXKKH (KEPHOM) CYLUECTBYET Oapbep KOHTAKTHOH
pa3HocTH noTeHuUanoB— 6apbep LHOTTKH, K-pblIit «(BKIHOYER»
B 3anMpaoLICM HAMPABJIEHHH U NPUH OTOOpE TOKA IMHUCCHHM
HOpEnATCTBYEeT TPAHCNOPTY 3JIEKTPOHOB M3 METAaslna B IMHCCH-
OHHBIH cyiol. KpoMe Toro, u3-3a XMM. peakiHii, pOTEeKaroLHX
B 3TOH 00JIaCTH IPH MOBBILUL. TEMM-PAax (0COOEHHO MpPH HaJH-
YHU B METaJlJIE HEXeJlaT. NpHMecei), BO3MOXHO 0Opa3oBaHHE
JHUBJIEKTPUY. TPOCIOHKH MEXIY METAIJIOM H 3MHCCHOHHBIM
CJ10€M, 3HAYUTEJIbHO yXy/allarolled CBOHCTBA KaTOAA H NMPHBO-
nasieit x ObicTpoii ero aerpagauuu. [1o3ToMy oaHa U3 3anau,
BO3HHKAOLLAS TPH CO3laHHH SMUTTEPa,— GOPMHPOBAHHE XO-
pOIIEro KOHTAKTa IMHCCHOHHOTO CJIOSl C KEPHOM, COXDaHs-
IOILEr0 CBOH CBOMHcTBa mpu paboTe kaToaa. B oTiauume oT
TEXHOJIOTUH MH. JIp. NpHOOPOB, B K-PbIX Ui CO3/1IAHUS OMHYE-
CKOTO KOHTAKTa MpeANpUHUMAIOTCA CIEl. Mepbl, B OKCHIHOM
katoje GOPMHPOBAHKE KOHTAKTA MPOUCXOIUT B IpoLecce Tep-
MO006PabOTKH 320/HO C Jp. MPOLECCAMHU H HE TpeOyeT A0NOJI-
HMT. onepani. MHorna B MaTepma KOHTAKTa BBOASATCA CTIEIL.
AaKTHUBHbIE MPHCAJIKH, CNOcOOCTBYIOLUME 06Pa30BAHHIO AOHOD-
HBIX IEHTPOB B Mpolecce TepMoobpaboTku. Idd. TepMokaTo-
JIbl OTJIMHAIOTCS OT JApP. SMUTTEPOB NPEXIE BCErO HH3KMMH
3HAYeHHAMH paboThl BbixoAa. JLOCTHTHYTble 3HAYCHHS 3TOH
BEJIMYMHBI TPYNMHUpYIOTCS OK. ~ | 3B, a najgpHeliuHe yCHITHsA
B HalpaBJICHHA YMEHbLIEHHs pabOThbl BbIXOIA HATAJIKHBAIOTCS
Ha CepbE3HblE TPYAHOCTH. B CBA3M C 3THUM BO3HHKAET BOIPOC
O CYLIECTBOBAHHH (DAKTOPOB, MHPENSITCTBYIOUIMX CHHXCHHIO
paboThl BHIXOAA 10 BEJMYHMH, 3HAYHUTENbHO MeHbIIUX 1 3B.
K uncny takux GpakTopoB MOIIO Gbl OTHOCHTHCS CYLIECTBOBA-
HHE HE3aNOJHEHHbIX TOBEPXHOCTHBIX COCTOSHUIA (B YACTHOCTH,
coctosinuii [ICH), HakonneHHe 3apsaa HA K-pbiX OrPaHHYMBA-
€T BO3MOXHOCTb yMeHbleHHs ®. Cpeau TepMOKaToOJ0B [p.
THIIOB MOXHO HAa3BaTh METAJUIMY. KATOAb!I (OCODEHHO BOJIb-
¢$bpamMoBeIe) H KaTOABl H3 HOJYMETAJJIOB, HAIP. H3 rekcabopu-
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Zla aHTaHa, HCHOJIB3YEMBIE LIS CO3/IAHHA NEKTPOHHbIX MyY-
KOB C HOBHIIICHHOH MIOTHOCTBIO TOKA.

TepMO2IEKTPOHHBIE KATOABI NIPHMEHSIOT BO MMOTHX JJ€K-
TPOBaKYyMHMBbIX H Ta30pa3pflHbIX NpHOOpax, B Hayd. M Tex-
HOJI. YCTAHOBKAX.

Jlum.: ®omenko B. C., DMHecHOHHble CBOHCTBAZ MAaTepHAIIOB,
4 m3a., K., 1981; Jo6penos JI. H, TomMowroBa M. B., DMACCH-
OHHad MICKTPoHHKa, M., 1966, TepMoanekTpoHHEe KaToanl, M.—J1.,
1966. C. . Jmumpues.
TEPMOYJIEKTPOHHBIA KATOJ (TepMoKaTO1)—Ka-
TOA SMEKTPOBAKYYMHBIX H T430DA3PAAHLIX NPHOGOPOB, 3MHUTH-
PYIOLIHHA DIEKTPOIbLI HDH HATPEBAHHH (cM. Tepmosiexmponnas
amuccud). OCH. XapaKTePHCTHKH T.K.: IIOTHOCTE MHCCHOH-
HOro TOK4 HACbIICHHA ]:, M eé 3UBHCHMOCTb OT TEMII-| PhbI;
pabouas Temu-pa 7. 0ObMHO pekoMenayemas ans T.x.
J4HHOTO THIA; pa60'rd Brixoga @; dexruBrocTs T.K. 7,
paBHas OTHOWICHHIO TOKA 3MHCCHH K MOIIHOCTH, 34TP44HBA-~
€MO# Ha HarpeBaHHE K4TOJa; CPOK cny)lc6bl Yem Menblie O,
TeM uHke 1,5, TIDH K-POif JOCTHraeTcs j,, MeHbllle CKOPOCTh
HCMAapeHHA AKTHBHOIO BEHIECTBA KATOMAA H, CJICAOBATEIBLHO,
Gonbine ero cpok caykOel. OcH. THIBI T.K.. METAITHYECKHE,
TIOJyIPOBOIHHKOBRIE, METAJUIOTIOPHCTRIE H GOPHAHBLE.

eTanaHvecKkHe T.K. HITOTOBJAIOTCA M3 YHCTOIO Me-
Tanna WM CIJIABOB METAILNOB. DTO HPAMOHAKANbHbE T.K.,
Harpenamumii HX TOK IIPCIYCKA€TCA HENOCPEACTBEHHO 4Y€pe3
TIPOBONIOKY (CIIHPAJIb, JIEHTY), IMHTHDYIOILYIO 3IEKTPOHKI, Ta-
kue T.K. HAXOAAT OrPaHHYEHHOE NPHMEHEHHE.

TMonynpopoaHukobbie T.k. K 3aToMy xnacey T.k. ot-
HOCATCA B OCH. OKCHATILIE. 310 3¢¢CKTHBHHE T. K. KOCBEHHOTO
Hakajda. AKTHBHBIM BEILIECTBOM B HHX SABJIAIOTCA OKCHIBI Me-
TAJLICB; B PE3YILTATE HX NIPOTPEBAHAN (AKTHBHPOBAHHA), PO~
BOAHMOI'Q € HEJIbIO INOBBIICTIHA /—,, B OGLCME H Ha noBeEpXx-
HOCTH kaToAa obpa3yercsi H3GbITOK MeTala, obecneynparo-
LI HeOGXOANMYIO 31K TPONpoBOAHOCTh T. K. M CHHXeHHe D.
Cyl.llCCTByK)T ABa THINA OKCH/HBIX KATOAOB— HH3KC- H BbICO-
KOTEMIEPATYPHbIE. B HH3KOTEMNEPATYPHBX OKCUA-
#bix T.x., paboTatolx mpH Tpuex900— 1300 K, nenonsay-
HOTEA EMEEH OKCHIAOB l.lléJ'lO‘lHO-ZieMeﬂbelX METAJLNOB Ba, Sr
H Ca. Us-aa HB)’CTOE‘IHBOCTH 3THX OKEHIAOB Ha 'BO3AYXE HX
TIOJYYAKOT H3 HCXOJHBIX BEIUECTB— ABOHHBIX HJIH TPOHHAIX
xapbonaTos (BaSr)}COj;, (BaSrCa)CO;. [Tocneasue HAHOCAT-
CSl HA METAJLIHYCEKHA KEPII, CMOHTHPOBAHHBIA BMECTE C MOA0-
TpEBATENEM, H AKTHBHDPYIOTCH NPOrPEBAHHEM HENOCPENETBEH-
HO B H3TOTOBJISIEMOM IIPHOOpE MpH ero oTkayke. IIpH Tom
06pa3y}01‘cu OKCHJARI MECTAJUIOB H OAHOBPEMEHHO HEK-POE KO-
JIHYECTBO CBO60}1HHX ATOMOB METAUIOB. B BhICOKOTEM~
NMEPATYPHRX OKCHIHBIX KAaTOXAaX AKTHBHBIM BELIE-
CTBOM cnyxaT okcuabl Y, Th u ap. PaGoune TeMm-pbt TakHx
T.x. B 3aBHCHMOCTH OT MmaTepHaind noftoxk# (Ta, W, Re)
JIEXAT B AManaioHe T~ 1400—2000 K. [JoaroBedHocTs 0K-
CHIOHBIX T.x. OrpaHHYHBACTCA NMOCTOAHHBIM HCIIADEHHEM OK-
€H/IHOT O TIOKPBITHSA, d TAKXE 06p830BaHHCM TPOMEXYTOYHOrO
CIOsl MEX/TY METAJUTHYECKOH MOIOXKOH, HA K-PYIO TAHOCHTCA
AKTHBHbIA CIIOH, H MOKPLITHEM.

Metannonopuctoie T.x. HemoctaTks OKCHAHBIX KaToO-
0B ObLIA ycTpaHeHsl Grnarogaps cosgasdto T.k. ¢ 3amacoM
AKTHBHOI'C 3MHECHOHHOI'O BEUUECTBA, HA3BAHHBIX METAIUICNO-
PHCTHIMH (pPacnipe/eIHTeIbHMMH, HIH JHCIEHCED-
HMbIMH) KaToNaMH. OHH TPEACTaBIsIOT €060l MeTasuTHYyec-
Kyl ryOKy H3 Tyromnaskoro metana (W, Re, Mo), colepxa-
YO COCAHHCHHS AKTHBHBIX MAaTEPHAIOB, IIPEHMYNIECTBEHIIQ
Ba. Ipu HarpepaHHH BoIACHAIOIMAES H3 COSTHHEHAA Ba and-
GYHAMPYeT K TOBEPXHOCTH, MOKPBIBAA €€ TOHKOH IIEHKOH
MeTaja, chuxatouie ©. B nponecce pabors T. k. paspyma-
IOLIAACA BCJIEJACTBHE HCIAPENIHA H BO3ﬂCi{CTBHﬂ OCTATOYHBIX
ra3oB IUIEHKAa BO3OOHOBJIAETCA NOCTYNAIOUIHM W3 Tnop Ba.
CyuieeTsyer Heck. THNOB Meraionopucthix T.kx. Kamep-
HbIH MK L-KaToJ npeaeTaniseT coGoi kamepy, 3aI0JHEeH-
Hy!o kapboHaToM Ba —Sr u 3akpbITyi0 BOnb(ppaMOBOH cTeH-
KOH-ryOKko#. TIpH HarpeBaHHH kapGoHAT pasnaraetes, Bhide-
188 Ba, k-pblit NONOJTHAET €ro 3anac b rybke u Ha e€ Hapyxnoit
MOBEPXHOCTH, IMHTHPYIOLIEH 31eKTponbl. OCH. HENOCTATKOM
3Tol MO)lHd)"KallHH KaToOAOB ABJACTCH [UIMTEIBHOE BPEMSA
06e3raXxHBaHHA H PA3/IOKEHHA KapOOHATOB. ITOT HEAOCTATOK
6b1 ycTpaHéu 6iarofaps MCHOJB3OBANMHKO AP. IMHCCHOHMIO-

AKTHBHBIX MATEPHAJIOB — AIIOMHHATOB M BONbGpaMaToB Ba,
4 TaKkKe CO3JaHMIO Ap. MOAHGHKALHA METALIONOPHCTRIX
T. K. — NPEECOBAHMBIX M NPONHUTAHHBIX (HMIIPETHHPOBAHHKIX).
TIpeccoBaHHBlE METANIONOPHCTHIE T.K. HITOTABIH-
BAIOTCS B BHAC TAOGJICTOK HIH KEPAMHUYECKHX TPYOOK MyTéM
NPECCOBAMMS CMECH W3 NOPOIIKOB AKTHBHBIX BCILECTB (OK-
CHJIOB, aTIOMHHATOB, BOJb({paMaToB Ba) W MOPOILKOB Tyro-
IIABKHX MET4MnoB (W) WM cHnaBoB W C Jp. METAIAMH,
nanp. ¢ Re. [IponuTauuse T. K. NONY4aiOT IPONHTHIBANU-
eM BOJIb(pamMoBOli TYOKH MyTEM NOTpYXeHHA €€ B pacnias
AKTHBHOTO 3MHCCHONHOTO MATEPHalla. BapbHPOBAIHCh COCTa-
BBl AKTHBHBIX 3MHCCHOHHBIX MATCPHalOB (BONB(PaMaThl Ba
H Ba—Ca, ckaHaaTel) H MaTepHansi ryGkd (W, Ni, cmeck
W ¢ Ir, Os). JIyymaME MOAH(GHKALHAMH METAIUIONOPHCTBIX
T.K., INHPOKO NMPHMEHAEMBIMH Ha TIP4KTHKE, ABIAIOTCA KaTO-
Abl ¢ amoMHHaToM Ba—Ca: j,x4—10 A/cM® npu Tpen
~ 1370 K, cpox ciyx6h— IeCSTKH THIC. HacoB. MeTaiono-
PHCThIE Tx. HCIIONB3YIOTCA B 3JIEKTPOIHO-IIYICBBIX TPyOKax,
npubopax CBU-ananasoma. Usywarorcs METALIONOPHCTHIE
T.X. C TOHKHMH IJIEHKAMH TYTOIIaBKHX METa/UIOB Ha TIOBEPX-
Hoct (Os, Ir, Ru, Pl). JIydmamu cBOHCTBAMH OGIagaioT
Karonbl ¢ NIéHkoi Os.

Bopunuele T.K. H3TOTOBNAIOTCA M3 METANIONOAOOHbBIX
coenuHeHnid THna MB, (M —MeTann); naud. pacnpocrpase-
uHe nony4Hsu T. K. U3 rekeabopraa nantana (LaBg). Beicokas
MeXaHHYecKas MpPOYHOCTE H YCTOHYHBOCTb K JJNEKTDOHHOH
H HOHHOH GOMOapAHPOBKAM NO3BONSIOT HETIOJIL30BAThH TaKUe
T.x. B peXHME TEPMOTIOJICBOH 3MHCEHH IPH BHICOKOH Hamps-
XEHHOCTH 31eKTpHueckoro nons (~ 10° B/cm), xoraa 3uadn-
TeNbHAA YaCTh IMHCCHOHHOTO TOKa 0OYCIIOBICHA démodexm-
ponnot Imuccued. Takue T.K. IPHMEHAIOTCA B YCKODHTENAX,
a Takke B BAKyYMHbIX YCTPOHCTBAX. B K-pbIX T.K. JIOJDKHBI
paboTaTh B YCIOBHAX KILIOXOro» BAaKyyMma, HE OTDaBJISsCH
H obecrnevnBas 3MEKTPOHHbIE TOKH GONbIIOH ILIOTHOCTH. Tlep-
CTIEKTHBHBIM HATID4B/ICHHEM B YIYYIICHHH CBOHCTB T.K. H3
LaBg ABASETCA MCMOJb30BaHHE MOHOKDHCTAIO0B LaBg; Tak,
e rpasedt (100), (210) MOHOKpHCTANTAa CHHMAKOTCA GOabIIHEe
TOKH, Y€M € TIOJIHKpHeTaLTH4eckoro LaBy,

HoBBIM HampapJieHHEM B KATOQHOM DIEKTPOHHKE ABJISETCA
pa3paboTka MeTaanocnaaBHblX T.k. [1epCreKTHBHBIME
MaTepHalaMH I8 KATOAOB 3TOH CEPHM ABJNAIOTCH CIUTaBbl
6aaropoaubix Meramios (Pd, Pt, Ir) ¢ peaxoseMebHbIME (Ir
e Ce u La).

B Ta6Gn. mpHBenenmsl OCH. MapaMeTphl NpPHMEHAEMBIX Ha
npakTke T.K. (II0 J4HHBIM Pa3MbIX ABTOPOB).

Jum.:Kyaunuesa I'. A. B ap., TepmoaaekTpoHnsIe KaToaul, M.—
JI, 1966, Hukouos B.Il, Oxcmumsii katox, M., 1979;
CroninJ. L., Modern dispenser cathodes, «Proc. 1EE—I», 1981,
v. 128, pt 1, Ne 1, p. 19. B. C. Kymsapcras.
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TEPMOPMHUCCAOHHBIA TIPEOBPA3ZOBATEb (T73I1)
—YCTPOWCTBO /8 NPAMOIO  NpeoOpa3oBAHHA  TCHJIO-
BO IHEpruM NIa3Mbl B 3MeKTpHueckyto. T obbitio npen-
cTaBnseT 060 AHOI. TENTORAA IHEPLUA NOABOJUTCH K KATO-
Ay, 4 3MEKTPHYCCKAS BBIIEISETCA HAd HATPYIOYHOM COTIPOTHB-
cteHuu Ry, [NpunHoun neiicteus T noscusetcs puc. 1, rae

el Puc. 1. TloveHuHaILUUS AU~
IpaMMa 3ekTpoRoB B T
B PEXHMC HH3KOBOALTHOH ay-
£ rn: £, n F,—Yypobun ®depMn
x i KaTodA M ano;a: e@, 0 e@,—
IUICHHA HANPSKEHHN B (PDH-
* WIEKTPOAHBIX  TCHIMIOPOBCKHX

CHOSX.

F,

NPHBC/ICHA UOTENN. JHATPAMMA AN Y.1eKTponos. TemnoBas
JHeprus ,. MONABOAMMAA K KATOJY, OTHACTH Pacxoayercs
B 3a3ope T, oTuacTH BbIACNSIETCA B HH/E TeN.Td {0, Ha aHOJIC
H B BHAC TOJNEIHOH HNICKTPUY. MOUMOCTH B HATPYIOUHOM
COTPOTHBICHHH: Po=Unl=(xa—x.)/¢— U] L. 3n¢ch 1, ¥ 3, —
PaloTel BHIXO/TA KATONA H aHos@A (Y, > ,), U—najedne na-
TpsXCHHUA B 3a30pe, / —Tok B uenu. Kna T3 n= Py/Q,. Ans
KOMIIEHCALIWH APOCTIPANCIEENIne0 3apada WEKTPONOB B 330D
T3I1 BBOAUTCS JIETKO HOHH3YIOLLMACH 113, KK [IPARK 10, Maphl
Cs. KOHTakTHAS pa3nocTh noTenuuanos Ay /e =(x, — x.)je co-
30a8TCA 3a CHET PAIHOH CTENEHH MOKPhITHS LIC3HEM TODAYCIO
-KATONA W xoNoAHoro avoad. [Mo cnocoby uonnsarmu Cs pas-
nuyatot T ¢ HOBCPXHOCTHOH M ¢ OGBEMHOA MOHH3IALMCH.
B nepeowm ciiydae woHbl Cs' ¢O3i(akoTeA, Kak MPAaBHIO, 3d CuéT
NOBEPXHOCMIHOR MOMN3AYUY HA TOPAYEM karvonae. Bo BTopom
cryqae wonpl Cs™ oBpasylorcs B 0BBEMe, Te NOIKHracTes
HHaKososbTHARA Ayra (H/I). PexnMbl ¢ noBCpxHOCTHOR MOHH-
JalHEH, B CBOKO OMEPE/ib, MOAPAIALIAIOTES Hi KHYICCHOBCKHE,
KOT/1a [UIMHA cBOGOAHOTO npobera »ackTpoHa /, > L — JnHbE
3a30pd, ¥ uddyIHonubC, Korma {, << L.

TTpu pacecMOTPENHH PCKHMOB ¢ HOBEPXHOCTIOH HOHH3ALM-
€ CYILECTBCHHO, KAKOBO DACTPEIC/ICHUC TIOTeHIIHAI4 HA KOH-
TAKTE KATOA— 71a3Ma H YCIOBHAX TCPMOJMHAMHY. PABHOBE-
CHA M3a3MBl C TOBEPXHO-
», CTBIO  KATOJA (pHc. 2).
/ N 3aect p,=kTuIn[Z,/n(T}]
—abc. BEJIMYMHA XMM. 10~
ES TEHLHANA  TJIa3Mbl  HDM
\ « Temn-pe T, kaToma; ®,—
PABHOBCCHBII TNOTEHII.

Eal

Puc. 2. Pucnupeilenciue HOTEH-
x UHANA B NPUK4TOAHOM  ClOE
NPH TEPMOTHHAMHHECCKOM PaB-
HOBECHW [LI43Mbl € KATOIOM
(AHOGYIHOHHBIA  PCKAM): a—

DTS Yo << Pyt B JUIS %> e

Gappep B neHrMiopoBckoM  caoe;  m (T )=(g:Z.N./g) " x
x exp(—&,;/2kT)— paBHOBECHAS KOHNENTPANHS MJIA3MbI NPH
temn-pe T, Z.=2(2nm kT(h?)¥ % gi=1 u g,=2—cTartnc-
THY. CYMMB] CBOGO}JHHX WICKTPOHOB, HOHOB H dTOMOB, N_,—
xoHueHTpauss atoMop Cs B mnaime. Ontum. pexam TOI
peanu3yeTcs MpH ¥, ~p,. B pexuMax ¢ moBCpXHOCTHOH MOHM-
JauueH TOK NPHGOPa 34BHCHT OT BElTHYHHBI PABHOBECTION KOH-
uentparMu #(7,) WICKTPOHOB B HPHKATOAHOH f1aime. Mpw
€PABHHTENBHO ManoM nasnerun Cs (pe,~ 1072 Top) » kayn-
CEMOBECKOM DPCXHME, KOr[ld PACCCAHHE JJICKTPOHOB B 3430pe
OTCYTCTBYECT, MAKC. MJIOTHOCTh TOKA HOpRJIKA XaOTHHECKOH:
Jexen(T,) U,. OOHAKO, T. K. ¢ YMCHBUIEHHEM IABJICHHS i, YBe-
JAMMHBACTCA, M1 peaIH3alHH GonbUIHX ZHH.‘ICHHﬁ M(TKE H CO-
OTBETCTBEHHO BOJILIIOH MOHIHOCTH Po~(1—10) Br/cm? Hyx-
Hbl BBICOKHe TeMIN-pel Katoda 7T,>2000 K, u4To yMeHbuiaeT
pecype paboThl KaToda. YBCIHYEHHC NABICHHN AO BEHYHHBI
Pes~ 1 Top no3ponsAcT NMOHH3UTL T, W YBEJHYUTB CPOK €ro
paboTel. I1pn 3TOM pcanuaycTcs QU py3HOHHBIH PEXHM, KOT-
Aa TU1a3Ma B NPH3ICKTPOIHOM CJI0€ HAXO/IMTCA TIPHMEPHO
B TEPMO/IHHAMHY. PABHOBECHHM C KATOAOM, 4 TOK B 3azope

nepeHockes 3a caET NGy IuE JICKTPOHOB 0T 10PSYELIO IIPH-
KaTO/HOIO KOHIA MUIA3MbI K HDHAHOAHOMY. B indipy3noHHOM
PCKHMC, OAHAKO, TOK W HOJNEIHAS MOIIHOCTb P, CyIlECTBEH-
HO YMEHBINAIOTCS 33 CYET PACCESHMA YICKTPOMOB B TNAIME.
MorToMy npH pe, 2 | Top npeanodTuTensHO paboTaTh B PekH-
Me c OOBCMHOH WoHM3anmeidr Cs, Kora 32 CcuéT HEK-poro
yBCIHMEHHA Hanpsxenun U peanusyercs pexum HI.

B pexume HJI 3a cuér obpajoBaHus DOCTaTOMHO
501BMOrO HPHKATOAHOIO TAJICHHA HATIpSKEnHa @, (pHc. 3),
NPCTIATCTBYIOMIECTO BO3RPATY TLTAIMEHHbBIX 3JICKTPOHOR Ha Kd-
TON, CHHMaeMbii TOK O1M30k Kk (. TOKy IMHCCHH:
Ix,wzI,\,exp(—enp,,,,"ka), 1€ @, — NOTEHIHAI 6UpMYdIbHOc0
Kamodd, K-phlii BOSHHKACT B YCIIOBUSAX, KOT /1A X, < K. JUNIA 3THX
YCJIOBHI THIHYHASA 60.abm-asmnepiad xapaxmepucmuxa (BAX)
T30 npupesena Ha pHC. 4; 31ech AB— uddy3noHHas BETBb;
BC — HeyCTOHUHBBIH  y4a-
croxk BAX, cooTBeTCTBYIO- /"_“{‘
iwmi nomxury HA; CD— Fa)
YHACTOK LIIIPOBAHHA TOKA;
DE—yvacTok  BUPTYa:1b-
HOTO KATOAA (PEXHM C
obbEvuoi HOHH3AUCH,

Puc. 3. PucipenesenHe mnoTeu-

UHANA B HHIKOBONBTHOR ayre

B PEKHME C BHDTYATLULIM Kd-
TOOM. N

pHe. 3). Vuactox EF COOTBETCTBYCT MOHOTOHHOMY pacrpe-

JENICHHIO TMOTCHIHATIA B TIPHKATO/THOM JIEHT MIODOBCKOM CJIOE

(puc. 1). Touka K, COOTBETCTBYIOINAN HCHEIHOBEHHMIO BUPTY-

ATHHOrO KaTo/a, suigercs paboueit Toukoit T, Mounsanus

Cs B pexume H/I obecneunBaercss 06bIYHO pa3orpeThIMH 3JIeK-

TpoHamH nna3Mbl (T, ~0.2—0.3 5B), HMEIOMMU MaKCBEJLIOB-

ckoe pacnpeaencrue. B pexnme 11J1 ocn. novepn ameprux

B 3430PC CBA3AHBI C PAIOTPCBOM 3/IEKTPOHOR TIAIMBI.
KaaccuduumuposaTh T MoxHO no Be1uMHHE GapbepHOTO

wnpekca Upg~U+y,/e. K 1. 1. |-My nokonenuro T3IT or-

HeCeHBl cosgaunsie B 1970-x rr. npeobpazosarenn ¢ U2 2 B.

K TOII 2-ro ¥ 3-ro nokoJc-

HHi, BO3MOXHOCTh CO3/a-

THS  K-DbIX  MCCJIEeyeTcs

B 1990-x rr., 0THOCAT mpe- E,

obpasorarcan ¢ Up~1.5B

W Up~| B. Mpn U=15B

T3IT ¢cTaHOBHTCH IKOHOMH-

Fit

Puc. 4. Bonpr-amnepizas  xa-

paxrepreTika TOIT B unddy-

tmomEoM  (4B) W ayrosoMm A U
(CDEF) poknmax. o

YECKH BBITO/IHBIM B Ka4€CTBE BbICDKOTCMﬂCpaT)’pHOﬁ HAJACTAB-
KH B NPOMBILLI. JHEPreTHY. ycTaHoBkax. Mccnemyrores mytu
ymensinennss Uy 3a cuér ymenbuieHus U H y,. OCHOBIHIE
npc/Iaraemele cHocoObI YMCHBIICHHA U cBsizaHbl ¢ nepexoaoM
K MCXdHH3MaM HOMH3IANKWH, HE HCTMIOJIB3YIOLIHM pa3orpes TEH-
7oBBIX 3ekTporoB. D10 —T3IIT co Benomorar. pa3psfioM,
B HACTNOCTH TpéxyekTpoaubiit TAIT ¢ HHepTHBIM razoM-na-
nonaurenem; TIIT ¢ MMITYNILCHOMR BHELL. HOHH3ALWMER H C pai-
JENIEHHEM BO BPEMEHH Npoliecca M'eHepalluH HOHOB H pa6o=!eﬁ
craauu TATL, B vacTHOCTH azoTHO-Ue3nenbie TTI ¢ HaKOMe-
HHEM JHCPITHH HMIY./IbCA B KoJeGaHH X MOIEKYJl a30Ta; TPHOA
c 3MHTTEPOM HOHOB; T3 c HOHH3alHeR
V®-u3nydeHneM WJIH NPONYKTAMH pachiafa pajnoH3IOTONOB
W JIp. PaccmatpupaeTcs yReandeHue 3. sMuceun xaToAa 3a
CuCT pa3BHTHA ero HoBepxHOCTH. Mccnenyrores cnoeobbl
YMEHBLUICHHS Y, YTEM TPUMEHEHHS Y1EKTPOIOB CO CIOKHBIMH
TIOBEPXHOCTHBIMH ITOKPBITHAMH. Bonbioe BHHManue yaenser-
CA LE3HCBbIM TPHOOAM C CCTOYHBIM YINPABJICHHEM TOKa, He-
MO TB3YEMbIM JIJIA HEMOCPEACTR. HpCOGpﬂBOBaHHH No¢T. HAMpd-
RCHUSA, reHepupyemoro T3T1, B nepeM. HanpsxcHue.

- Jum. o6peuwos JI. H., TepModnekrpoHuuie npeobpa3loBaTenH
TENNOBOH DJHSPrHH B iekTpuueckyro, OKTd», 1960, T. 30, c. 365;

TEPMO3MUCCUOHHbLIN

103



TEPMOSAAAEPHbIE
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Moprynuc H. 1., [Ipeo6pazoanue Tenmosoii HEPrMH B IIEKTPH-
YECKYIO € IOMOILBIO TePMO3NEKTPOMHOM 3MHuccHH, «YOH», 1960, 1. 70,
€. 679; TepMOIMHCCHOHHBIE NPeobPa’vBATEIH H HH3KOTEMIEPATyplas
mnasma, M., 1973; Crauxauos . I, Yepkoseu B. E., ®uinka
TEPMOIMHCCHOHHOrO npeoGpasoparens, M., [985; Maremarnyeckoe
MOLE/MPOBANKE TIPOUECCOB B HHIKOBOJILTHOM IMEHHO-[TY TKOBOM
paspage, M., 1990. &. I'. Baxium.

TEPMOﬁI[EPH'bIE PEAKLUMMW — s0epusie  peaxyuu Mex-
ay NErKHMH ATOMHBIMH ANPAMH, HPOTEKAIOILHE HPH OUYCHb
BRICOKMX TemH-pax (2 107—10® K). T. p.—ocHoBHO# (x0-
TA H HE C}]HHCTBCHHLIH) THII HPOLIEEEOB, B KOTOPBIX Sf/[paM.
HEMBITHBAKOILUHM  B3aHMHOE KYTOHOBCKOE OTTd4JIKHBAHHE,
yaaéres, NpcoAOJIEB EOOTBETCTBYIOLUHN 2IEKTPOCTATHY EEKHH
Gapbep (puc. 1), €OMHMIHTRES HAa pACCTOSHHE TOpPAAKA pa-
AHyea NeHETBHA AIEPHBIX CHJI TIDHTSOKEHHA M, HPOBAJIHB-
wHeb B 06padyeMyto HMH IJ1yGOKYIO TIOTEHIL. AMY, COBEPIIHTD
TY HJIH HHYIO 3K303HEPreTHY. (T. €. COHPOBOX/IAIOINYIOCA BbI-
JIEJICHHEM JHEPTHH) AREPHYIO nepecTpoiky. [Toa «BbieneHnemM
IHEPTHH» TOAPd3YMEBAETEA BBIIE/IEHHE B NMPOAYKTAX PEAKLHH
H3IOBITOYHONH KHHETHY. JHEPIHH, PABHOH YBEIHYEHHIO CyMMap-
HOM anepzuu césnsu. T. 0., OTHOEHTENBLHO PBIXIbIe APA Hepe-
cTpauBaroTes B oJiee MPOYHO CBA3AHHBIE, 4 HOCKO.IbKY ARpd
¢ HauboJbIHEH IHEPTHeH €BA3M HA ONHH HYKIIOH HAXOASTCA
B CP. YaCTH NMEPHOIHY. CHCTEMBI MCHHC.’ICCBE}, TO HAWO. THMHY-
HbIM MEXAHH3MOM JKIOIHEPIreTHY. PEAKIIHH ABJIAETCA CAHA-

Hue (CuHTed) Nervainims

sagep B Gonee TSKEIbIE.

L Bmcete ¢ TeM cymecTsyroT

M 3K3IODHEPIETHY. peak-

UHH JAeNCHUN JCrKuX

AACp.  HaHp. Gaarojaps

. OLOGOH HPOYHOCTH  SApa

§0 PaccroAne “He BO3MOXHA pedl(l.ll”l

hd MEXLY AApaMN ''"B+p—3*He+8,7 MaB.
s

E Puc. 1. J10TeHOMAILHAS IHEPIHA MEXBAAEPHOIO BIAHMO-

g INeHCTBHA KaK (YHKLHS PACCTOSHHS MCKIY SApaAMH; & —

= OTHOCHTEJIbBAA IHEPIrHA AJ€p, OTBEYAIOLLAN l]lyﬁﬂKO noa-

é 6aprepHOMY TpoXokdeBHro. LITPHXOBKOH HOKA34NO «cpe-

3anue» Oapbepa OTTANKHBAHHA Ha BopoBcKOM palmycc

J ay, OTPHUATENTHHOTO MKOOHA B KY.IOHOBEKOM IIOAC OaNOro

H? CTAJIKHBAKILUHXCA AJEp. JeXailuee B OCUOBE SBIICHHS

H-Karaiam3d.
Huxc, AnS KpaTKOCTH, BCE OX4PAKTEPHIOBAHHBIE BBILIC

HpoliecChl HMEHYIOTCA PCAKIHAMH AEPHOTo cuHreda (4 C).

IMo MeXaHHIMY HPEOROJICHHA KYAOHOBCKOIo Oapbepa peax-
und AC MOXHO PAIACAMTDL HA JIBA OCH. Kjlacca: A — pedKUHH
HPH HEHCKaXEHHOM Baphepe, TpeGylollHe /IR CBOEro HpOTCKA-
HHA JIOCTATOYHO 6ONBLIOH OTHOCHT. JHCPIrHH CTAJIKHBAKOLIIHX -
csl f4ep, K-pas COOBLIAETCA HM B PE3YJbTale YCKOPCHMS WIIH
CHIIBHOTO pAa30rpcBa; 5—pCaKu"H T. H. XOJIO,IHOTO CHHTC34,
K-pbl€ CTAHOBATCA BOIMOKHBIMH B PE3YJIbTATE CHABHOIQ HCKA-
KEHHst caMoro Bapbepa — HpeX e BCEro Cro CyxeHns Guaroaa-
PA_«CPE3aHHIO» BHEHINEH, HAHG. HIHPOKOH YACTH.

Peakmun xnacca A MOTYT PeaniH3OBATHLCS AHGO B HEK-pOM
yckopHTese (peakuus AC Ha MHIUCHH: BOIMOXEH TaKXKe Cly-
Yai «MHKPOYCKOPHTENS», CM. HHXe), JIHHO B BBICOKOTCMIEPa-
TYPHO# TUIA3ME 3BEITHBIX HEAD, S/IEPHOTO B3IPLiBA, MOIMHOTO
TA30BOTO Pa3pAia WM B IUIA3IME BELIECTBA, Pa3OrPETOro IH-
TaHTCKHM MMLUYJIbCOM JIa3ePHOTO H3jyuenus, Gombapanpos-
KOH HHTEHCHBHBIM TIYYKOM YACTHIL H T. H.; HMCHHO B HOCI€d-
HeM kpyrc apneHwH peakunn SC cpoastcs k coberpenno T. p.

PCaKLl"" kjacca b aBisOTCA CHIECACTBHEM TAKHX |1)H3H'-ICCKH
Pa3HOPOIHBIX ABICHUH, Kak: 1) cMATHE KYJIOHOBCKOTO Gaphepa
KOHOCCaHbelM NAaBIICHUEM B Heapax HJI0THBIX '}Bélﬂ
(p>>10* r/em®)—cnyuall T. H. AuxHoSOepHBIX pearyuil 315
2) npsiMoe KyJIOHOBCKOE JKPaHUPOBAHHC HOJIA ACHTPOHA HJIH
HPOTONA JaXBaueHHbLIM Ha DOPOBCKYIO OPOHTY OTpHUAT. Mio-
OHOM (pHC. |)——cryyalt T. H. MIOOHNO20 Kamaiu3d.

CywectpytoT # Takue peakuu AC, caMa HPHHALIEKHOCTH
K-pBIX K KJaccy A HAM B TOKA COBCPLICHHO HCACHA. ITO
OTHOCHTCH, B Y4CTHOCTH, K CEHCALIMOHHBIM JKCHCPUMEHTAM
Oeittumana — [Monca (CITA, 1989, 1. H. xonomHbIH cHHTED),
B K-pbIx pcakuui C HabM0A4THCH TIPH 7I€KTPOIHTHY. HACHI-
1IICHHH ZlCﬁTCpHCM KpHCTANHY. peméTku NajTaua ('cl 3aTCM

THTaHa W ap.). Pusuueckn Golee HHTEPECHBIM H HPAKTHYECKH
KpaiHe 3aMaH4YMBbIM MexaHHamMoMm SC 3jieck ABHIaCh Obt
B3AHMHAas KYJIOHOBCKAaA JKDAHHDOBKA JICHTPOHOB B pE3ylb-
TATC KAKHX-TO BECbMd HCTPHBHAJIBHBIX KBAHTOBO-MEXAHHY.
sbdexTon (kaace B), onuako Hoice BEPOATHBIM MEXaHHIMOM
ITPE/ICTABJIAETCA BCE KE YCKOPEHHE ACHTPOHOB B 3JIEKTPHY.
HOIISIX, BOIHMKAIOIIHX B MUKPOTPELIHHAX PELIETKH NPH J7€K-
TPOJIH3C HJIM TIPH BHCAPEHHH B HeE 1eHTPOHOB W3 Ta30BOH
cpe/iel HOJ JaBjieHHeM (kiace A4) [11].

Henpexoaaumit uutepec k peakumam $C. m Hpexae Bcero
K T. p., CBA3dH ¢ TeM, YTO OHH ABJIAOTER: 1) IJI. HCTOYHH-
koM 2Heprud Co.HNA H 3BE3J, 4 TAKKE MEXAHHIMOM JI03BEIT-
HBIX H 3BE3RHBIX TPONECCOB CHHTE3A ATOMHBIX SJEP XHM.
JIIEMEHTOB; 2) OJIHOH W3 QH3. OCHOB ¥Jeprioc0 83pbisd u (Tep-
MO)A/IEPHOTO OPYXHA; 3) OCHOBOH ynpas14emo20 mepsosdep-
1020 cunmesa (YTC)—IKOHOMHYECKH H JKOJOTHYEEKH HEp-
CTEKTHBHOTO HATIPABIICHHA JHEPTCTHKH Gy/YIIETO.

Cxopoctn T. p. [Ina paga )K303HEPreTHY. AACPHBIX peak-
UHH, HPEICT4BAAIOUIMX HHTepec B mpoGieme YTC, B Taba.

Ta 6 1.— DKIOIHEPI ¢ THYECKNE PLAKLIHN MeXKY JIETKRMN SpamMu

DHeprus Ha-
» G ruace 63DH | eTaromei
Ne 3H0pl OBbI- (r obnacth JacTHUbI, CO-
Peaxuns IeNIeHHe, 3HeprHH QtBeTCTRYtO-
MoB <1 M3B) | wasna,,..
M»B
1 |p+podrer+v 22 10~ —
2 lp+d-*He+y 53 10-° -
3 |p+1—*He+y 19.7 10-° —
4 Jd+d-t+p 4.0 0.16 (npr 20
2 M1B)
5 |d+d—*Hetn 33 0,09 1.0
6 {d+d—*He+y 240 — —
7 [d+t-*He+n 17,6 5.0 0,13
8 |t+d—>*He+n 17.6 50 0,195
9 [t+t—*He+2n 1.3 0,10 1.0
10 d+’Hea4He+p i8.4 0,71 0,47
11 [*He+ He—*He+2p | 128 — —
12 n+"L|<.“HL+l 48 2,6
13 |p+*Li—*He+ He 40 10°4
14 |p+7Li-2*He+7v 173 6107
15 |d+°Li—»"Li+p 5.0 0,01
16 (d+°Li—»2'He 224 (1,026
17 {d+Li—»2*He+n 150 0°*
18 |p+°Be—2*He+d 0.56 0,46
19 1p+“Be—°Li+*He 2. 0.35
20 [p+'"B~3He 8.7 0,6
21 |p+'"*N=2C4 4 He 50 0.69 (11pn
1.2 MaB)

p—TpOTOH, d— zefitpon (sapo meitrepus *H), 1— TpHTOH (AOpO
TpuTHA “H). n —HeATPOH. e” —no3uTpoN, v— HEHIPHHO. ¥ — OTOH.
Paeupeicsienne JHEProBbLICNIEHHT MCKY IPOIYKTAMH PEAKUHH 0BbIY-
10 OOPATHO NPOMOPLHOHANBIO HX MACCAM.

TIDHRE1EHBI 3HAYCHHSA JHCPTrOBbLYIESICHHA H MAKC. 3¢i¢l CEYCHHA
Cwaxe. Ha PHC. 2 TPHBC/IEHDBI 3ABHCHMOCTH & OT JHEPIHH HAJIC-
TaloilleH YacTHIb (B §-1aX peakumii — HepBas cesa).

IMpn  wuTCcpnpeTanHu  OTHX
JIaNHBIX, H B Y4CTHOCTH 0O0JIb-
HOTo pa3bpoca 3HAYCHHH Coue,
CJICAYCT HMCTB B BH)1y, 'ITO Ceuc-
HHe j1100OH M3 PCaKIHA ecTh,
rpy6o TOBOpS, HPOMIBEACHHE

Ceuenne, Bapu
16,

Pue. 2. CcueHHS peakuHi A1epiuoro
CHHTE33 B JABHCHMOCTH OT JHEPIHH
HAACTAIOMIEH YACTHUMW (B 1abil —
cueBd). Kpupas | —peaknns 7; 2—
peakuns 10: 3—pedkum 4u5,4—
peakums d+°Li—" Be+m+-3.4 MaB; 10
S—peakumns 5. 6—peakuun 16;
7— peakums 9.

0 50 100
3ueprus, xaB

150 200 250 300

CEUCHHSA TIPOXOX/IEHHA CKBO3b KYJIOHOBCK. 0ApPbep H BCPOAT-
HOCTH TOC/TEAYIOWETO, COBCTBCHHO SACPH., HPCBPAILEHHA.



TepBbii. «KY.IOHOBCKHA». COMHOXUTeNb N0 ¢BOEH (H3. NpH-
poae yHusepcasieH 1 seex T. p. [TockobKY BeICOTa Gaphepa
BexZ1Z20° | R (Zye, Zze—3apanmt a1ep, R—cymMMa HX «pa-
MYCOB») AaKe NS KOMOHHALMH A7ep € HAMMEHbUIHMH
Z,=Z;=1. nanp. d+d, cocrabnser ~200 k2B [Torma kak
IUISL TUTA3MbI 3BE3ANBIX HEAP MAM COBp. Hanpaenenuii YTC
Hanb. THNH4HBI Temm-ph ~{10"—10%) K. T. e. cp. aHeprun
yacTHLl ~ (1—10) x3B], Hpeosionennc Gapbepa HOCHT, KiaK
HDABHJIO, Xd4PAKTED TYHHEIBNOTO, NPHTOM TNYOOKO moil-
6apbepHOrO TIPOXOXAEHHA (eM. Tymneioneili oggexm). Be-
POSTHOCTb TYHHCIILHOTO HPOXOXICHHS MOXKET ObITh OfHcala
HpeleIbHOH (N8 & <« &6, 1€ & — OTHOCHT. DHEPrUA CTATKH-
BAOUIMXCA Aep) POPMOR HIBEECTHOH MAMOBCKOH SKCITOHEHTBI,
a umenno: exp(—2nZ;Zze? [hv)<x 1, rae v=,/28/u—or-
HOCHT. CKOPOCTH ANEP, W= 1ma/{my + ) —Hx NpUBENEHHAN
Macca. (374 TPOCTAS 3aBHCHMOCTh CTAHOBHTCS HEAIEKBATHOH
B Tex, HbiHe Hepeakux A Y TC cayuasx, xorna T. p. pouc-
XOOST HE TOJBKO KTEMIOBbLIM», MOAGAPLEPHHIM 06pa3oM, HO
W B pelyibTaTe CTOJKHOBEHHH $ACD I1a3Mbl KaK MHIICIEH
¢ AAPAMH HHKEKTHPYEMOTO TIYYKd, FHEPTHSA K-PhiX & ~&s.)

Bropofi, «faepHbIA», COMHOXKHTE b, ONPEIETAIOWHUA OCH.
MaciTab cevenus T. p., HANPOTHB, CICUMAHUCH ATH KaxAOH
xoHkpeTHOH T. p. B wacTHOCTH, Ang peakinii ¢ oGpasoBaHHeM
HAMO. CHJILHO €BS3aHHOrO Ajipa “He oH Benuk M oObIMHO
PEIOHAMCHO 3ABHCHT OT DHEPrHH (3TO OTHOCHTCA. Hamp..
® BawHeRuwwmM ans YTC peakimsam 7 m 10 W K omHOH u3
FHHOTETHYECKH NEPCIIEKTHBIBIX «YHCTBIX», T. €. Oe3nedTpon-
HBIX, peakIHi — peakiny 20). [Jns peakinii, 06yc10BIeHHBIX
CAQBBIM 63AUNOGCLCINBUE M. OH UPE3BbIMAAHO Man; TaK, PyHIa-
MEHTaAbHAS LIS JHeprosbuieneHns CoaHna peakuus | Heno-
cpeacTecuro (B s1aGopaTopHH) BOOOIIe He Hab:atoaaaeh.

34BHCHMOCTh HHTCHCHBHOCTH T. p. OT NNOTHOCTH TIAIMBbI
OHPEAE/ISETCH TCM, YTO OHH IPOHCXOAT B PEIYIIbTATE MAPHBIX
CTONKHOBEHHH Mexy sapaMH. YHCIO pcakuuit B equHHuE
o0béMa B €IMHMLY BpeMENH pasuo nym{vs(v)), rae ni.
n2-—— KOHUEHTPALMH sjaep COPTOB | M 2 (ecnH sapa OAHOro
COpTa, TO TIPOM3BEEHHE 112 CIIE/IYET 3aMeHHTH Ha {1/2)n?);
YOI CKOOKaMH OGO3HAUCHO YCPEAHCHHE NO PACTIpCACIEHHIO
OTHOCHT. CKOpOETeH v, B AaAbHERIeM NPHHUMAEMOMY MAaKC-
BEJUIOBCKMM (CM. Makceée.taa pacnpedeenue).

3aBHCHMOCTbL HHTEHCHBHOCTH T. D. OT TeMTI-pbI ONpEACAETCH
«CKOPOCTHBIM» MHOXHTENEM (UG (v)). B 06adacTH «He OueHb
BbICOKHX» TeMI-p T< (107 —10%) K u B OTCyTCTBHE pe3loHAHCA
B ceveHHM peakiuu umeeM o (V)oov 2exp(—2nZ1Zze?/hv)
n Torma {vs(v)) moxeT ObiTh NPUO.IMKENHO BBIPAKEHO
B hOpMe, YHHBEPCAJILHOM [UIA BceX HepedoHaHcHbiXx T. p. Jas
3TOTO  JIOCTATOYHO HCHOJILIOBATH OTHOCHTEJILHYI) Y3OCTh
MAKCUMYME HPH U=Umax, OOpazyeMoro » (vo(v)) Hpous-
BEEHHEM JIBYX 3KCIIOHEHT —TaMOBCKOH H MaKCBEJIJOBCKOM,
exp(—pv?/2kT). B peaynbrate HMeem

3
(va(v)y xconst- 77272 exp{—i(4ﬂ22?2§e‘p/h 2RT) 3},

TAe cons| — HOCTOSHHAA, XapdKTepnas s aauno# T. p. Sra
$-na cNPaBC/UTHBA JIHIIB UipH 6ONbIIEX (3 1) 3HAUCHHAX MO-
Ka3aTesIA FKCIIOHEHTHI.

Monyuennas TCM“CDaTyPH‘dR 3aBHCHMOCTL ckopocT T. p.,
(o (v)pcoexp(—const/T 1), cama uo cebe AOCTATOUHO CHITb-
Had, BCE XC IC CTOIb Pe3Ka, KdK, HAHP., THITHYHASA TCMIICPATYp-
Hasl 3ABHCHMOCTB cxp (— const/ T) CKOPOCTH XHM. peakLmi, 671a-
roapst ueMy, cobcTBeHHO, TObkO M MOTYT T. p. 3dbdekTHBHO
TIPOTEKATL YXKC MPU TeMII-pdX kT. B ACCATKH pai HHXC BbICOThI
EyTOHOBCKOTrO Oapbepa &6 IIpHuMHA Takoro poau «obiersé-
HO#» (B OTHOCHT. MacuiTabe &/kT) IPOHHIAEMOCTH KYJIOHOB-
CEOTO GupbCcpa L0 CPABHEHHIO ¢ «XMMHYECKHM» GapsepoM ak-
THBAUMH COCTOMT B TOM, 4TO TICDBBIH HMEET CHJILHO CKOUIEH-
By (pHc. 1), 4 BTOpO# — NOYTH BEPTHKAIBHYIO opMy.

CyuiccTBOBaHHE HEIUHPOKOH OOCJACTH OTHOCHT. JHCPIHIH
AP OK. & pupe =(1/2) P02 4ec, BHOCAIICH OCH. BKIIA[l B NOIHYIO
ckopocTb {vo) T. p., kMeeT NpocTol $Pu3. cmbics: s Go:tec
YacThIX CTOJKHOBEHHMIt f/Cp ¢ BHEPIHel & << d, . CIHIIKOM
Majla NPOHHIAEMOCTL Gapbepa. U, HaoGopoT, Haub. addek-
THBHbIE TI0 TPOHHMUAEMOCTH CTOJIKHOBEHHA AAep ¢ & > &, ..
CIMUWKOM PCAKH. «ONTHMATIbIAf» JHEPTHA &,y IPHXOANTCH

Hd «XBOCTOBYIO» OGJIACTb MAKCBEII0OBCKOTO pacnpefescins;
nanp., a8 T. p. 4 U 5 (Tabn.} €,/ RT=6,25T 5> 1.

Pacuér ckopocTh T. p. jUld HEMAKCBENIOBEKOTO pacnpee-
SIEHHS AP (KOHKPETHO, YCEYEHHOTO €O CTOPGHBI 60AbUIHX &)
TOKA3BIBACT, 4T0, HAYHHAS CO CD- YHEPrHil HOPAAKA HecK. KB,
KOT 12 OHTHM. «HOMCP XBOCTa» & yop. /R T «IKBUBATEHTHOTO® (B
CMBICTIC OAMHAKOBOCTH Cp. DHEPrHi) MAKCBEIUIOBCKOTO pac-
HPEACICHHA ykKe TNCPecTaéT GbITb OONBLIMM, HANMYHE HIIH
OTCYTCTBHE TIOJHOrO MAKCBEJUIOBCKOTO DACHPENENieHHs aiep
HPAKTHYECKH HEKPHTHYHO /NS JHAYEHHS (VG).

CxopoctH  {UC) HEK-pbIX
BaxHeHmux mis YTC T.p., DT /fhe
PACCYMTAHHBLIE YHCNEHNO (¢ 16
YUYETOM TaKKE H PEIOHAHCOB) 0 oD,
JUTA MAKCBE 1JIOBCKOTO pacrnpe- " noa
ACIeHHUA, TIPHBE/ICHbB] Ha pHC. 3; 'u 1D
CKOPOCTE PEaKIHH 5 COCTaBAA- =
erT (51—55)% or cxopocTH : 0™
DD o o
M
0 ®
Prc. 3. CKOPOCTH HEKOTOPBIX BAXK-
He#iwmx ans YTC TEPMOSICDILbX I 518 50100 400
peakumi. T «aB

T.p. Bo Beenesnol MrparT ABOSKYHO pOJIb—KaK OCH. HC~
TOYHHK JHEPrHH 3BE3X M KAK OJAMH H3 OCHOBHBIX MEXaHHIMOB
HyKkaeocunmesd. [ HOPMaJibHbIX TOMOTEHHBIX 3BC3A, B T. Y
CoaHua. ri1. npoueccoM 3k3o3uepreTuieckoro AC apnsetca
eropadue H B He, Tounee, HpespalicHHe 4 MPOTOHOB B AIpo
“He. 2 no3WTpoHa M 2 HEATPHHO. DTOT PE3YJILTAT MOXHO
NOAY4HTh JByMs HyTsmH [X. bere (H. Bethe) u np., 1938—
39]: 1) B IPOTOH-NPOTOHHOH (PP) UEHOUKE, HIH 6000p0ONOM
yux.ie; 2) B yoaepoono-azomuom yukie (CN),

[l."[ﬂ 3Bé3,’I'IHraﬂTOB € MIOTHRIMH, BBIT'OPCBLIHMH (I'IO <o~
aepxandto H) sapamu (cM. Bsoatoyus 36¢30) CylIECTBEHHbL
rCAHEBLIE H HEOHOBBIH 1[HKJIb] T. P.. OHM HPOTEKAIOT NPpH
']Hﬂ‘l“TeHbHO‘GOJCC BBICOKHX TEMII-PAX H THIOTHOCTAX, Y€M pp-
H CN-nHkJb. OCH. peaknHel reJIMCBOTO BMKJIA, HAYNICH navyH-
Has ¢ Tx200 suin. K, sBjsercs T.H. nponecc Connure-
pa (3a-peaxknma); 3*He—'?C+7y,+7,+7.3 MaB (Hpouecc
ABYXCTYNEHYATBIH, MAYNIHEA ucpe3 TIPOMEXYTOHHOS A1pO 5Be).

dajee  MOTYT C/IEAOBATL — PCAKUUH C+*He—'°O+y,
0 +*He—*°Ne+7v; B 3TOM COCTOHT O/IHH H3 MEXAHH3IMOB
HyKeocHHTe3a. MHTepecHo, ¥TO CaMa BO3IMOKHOCTD Npollecca
COIIHHTCPH, a TeM CaMbiM H HYKJICOCHHTC3a GOJ'lbLHHHCTBa
ICMEHTOB (MPC/INOCHLIKA BOSHHKHOBCHHS BCeX (OPM %KH3IHH!),
CBA3AHA C TAKMM CITYHdMHBIM (?) OGCTOSTENLCTBOM, KK BOJIb-
L4 «OCTPOTAa» DPEIOHAHCA B 3ABMCHMOCTH O (v) Ans sxep-
HOH DCaKIHH 3*He—'2C, ofecneunBaemas, B CBOIO oYepesb,
Ha/HYMEM MOAXOAALIEro THCKPCTHOTO YPOBHS Y sapa ® Be.

Ecnu TIPOAYKTBHI pE€akUUH T€JIHEBOTO LIHKJIA BCTYNAT B KOH-
TakT ¢ H, To_ocyumectBnsercs HeoHombiid (Ne —Na) uukn,
B k-poM aapo 2°Ne HrpaeT posib KATANIH3ATOPA /UIA pOLEcca
cropadus H B He. ITocneaoBaTe/lbHOCTb PEAKIMid 34eCh BIO-
ne anaoruna CN-uHky, Toapko aapa 12C, 1N, 13C, 14N,
150, 'SN 3aMcnsmOTes cOOTBeTCTBYHOWMMH aapamu 2°Ne,
2!'Na, ?'Ne, ?2Na, »*Mg, ?*Na. MolIHOCTb 3TOT0 LHKJIA KaK
HCTOMHHKA JHEPIHH HeBeliMka. OHAKO OH, TIO-BHIAMMOMY,
HMeCT GOJIblIoe 3HAYEHHE ;18 HYKJICOCHHTE3a, T. K. ONHO H3
npoMeXyTouHKIX sinep nukna (2! Ne) MOXeT ClyxUTb HeTou-
HukoM neitrponos; 2!'Ne+4He—-**Mg+n (ananornunyio
po.b MoxeT urpats u siapo 'C, yuacTyromee B CN-uukse).
ITocncayromuit «uenHoi» 3axBaT HEHTPOHOB, YepeaytolHiics
C TIPOIIECCAMH B-pacnaza, ABISETCA MEXaHHIMOM CHHTe3a BCE
Bo.cc TAXELIX 81€p.

Cp HHTCHCHBHOCTb DHEPTOBBLIACJICHHA E B THINHYHBIX 3Bé311~
HbIX T.p. o 3eMHbIM MacinTabaM HHYTOXHA; Tak, 1Uia Comu-
11a (B ¢p. Ha | r cOJHeYHOH Macchl) € =2 3pr/c 1. 310 ropasio
MCHAIIIC, HAHD., CKOPOCTH JHEPrOBLIICJIEHHA B ’KHBOM OpraHH-
3MC B MpoLecce o6MeHa BCILECCTB, & OGbI‘IHaH WICKTPHY. JlaM-
0K MO0 MOIIHOCTH KBHBAJIEHTHA MHOTHM TOHHAM COJIHEY-
HOTO BellecTBA. ONHAKO BCICACTBHE OTPOMHOM Macchl ConHua
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(2-10%3 ) mosHas M3myuaemas uM MoulHocTs (4-107° BT)
CTONb BEMKA (OHA COOTBETCTBYET EHECEKYHIHOMY yMEHbLIE-
HHI0 Macchl COmHIA ~ Ta 4 MJH. T), YTO Jaxe HHYTOXHOM eé
JONH AOCTATOUHO, YTOOLI OKA3LIBATHL penalouiee BIMAHHE Ha
JHEpreTHY. BGananc 3eMHOR MOBEPXHOCTH, KUIHH H T. .

Brnaroaaps konoccaapHbIM pasmepaM M wmaccam Cofhua
H 3B€3J, B HUX MICaNbHO pelllaeTcs Hpobnema yacpxaHus (B
JAMHOM CIy4de I'DABHTALIMOHHOIO) H TEPMOM3OIALHK NNas-
Mui T, p. npoTekaloT B ropsyuem siape 3Be3/Ibl, d TENNoOTAa4a
TIPOHCXOTUT ¢ yOa¢HHOR OT si/\pa W ropasao 6o.lce Xonoanoi
TORepxHOCTH, TombKo 1MO3TOMY 13B€3/161 MOryT 3thdekTHBHO
TEHEPHPOBATh DHEPIHIO B TAKHX ME/UICHHBIX HPOLECCAX, KAK
pp- ¥ CN-IHKIbl. B 3eMHBIX YCI0BHAX 3TH HpoLECCH TIpak-
THHECKH HEOCYIUECTBHMBI.

T. p. B 3emubix_yenosuax. Ha 3emie UMeEET CMBICT HCNONB30-
BaTh JHUIb HaHb. nipexTHBHbie T.p., Hpekae Beero CBA3am-
HBIE C Y1ACTHEM NeHTCPHA, TPHTHA U renus-3. TlogoBuwie T. p.
B KPYHHBIX MacUITabax OCYLIeCTBNEHbI NOKA TOJNbKO B HC-
HBITAT. B3PBIBAX TEPMOSICPHBIX, WIH BOJOPOAHBIX, GoME [4].
Cxema peakiHit B tepMosiepHor 6ombe Bkmouaetr T. p. 12,7,
4 | 5 (taba.), Ho, B MpHHIMNE, BO3MOXNB u apyric T.p.,
Hanp. peakuuu 16, 14, 3.

Hcnoneszopanncm T. p. B MHDHBIX LEJISX MOKET SBHTHCH
YTC, ¢ K-pPbIM CBHIBIBAIOT HA/IEKbl HA PEIUCHUC SHEPTETHY.
TIpOGAEM HeIOBEUECTBY, (TOCKOJIBKY AeHTEPHH, coaepRalttiics
B BOAC OKCAHOB, NPCACTABIAET coBOM MPAKTHYECKH HEHCUEp-
MAeMBIH MCTOYHHK JICIIEROTO TOPIOHEIQ M1 YINPABIHCMBIX
T. p. Aas YTC Haub. paxusl T. p. 7, 5 1 4 (a Taxke pcakuns
12 mns peredepanuu JoporocTosimero TpuTus). [lo kooru-
deckum coobpaxennsm Bcé 601bluee BHUMAHHE NPHBIEKAIOT
K cebe W «MHCThiey (T. H. MaiaopanoakTuBHe) T. p.. He na-
H0llIHe HEHTPOHOB, Hanp. peakiud 20 1 ocobenno 10 (Taba.).

Jlum.: 1) TIpoGacmbl cospeMennoi  dusuxy, b, 1, M., 1954;
2) Fonbuanckuit B W, Jleitkun E. M., [IpespailleHus aToMubIX
s1ep, M., 1958; 3) Harrison E. R, Thermonuclear and pycnonuclear
reactions, «Proc. Phys. Soc.», 1964, v. 84, pt. 2, p. 213; 4) Puryc
B. K., «Ecam ke 1, To k107, «[Ipnpoma», 1990, Ne 8,c. (0; Pomanos
10. A., Oreu coBeTckoil BOLOPOIHOH Gombbi, Tam ke, ¢. 20; 5) Poya
A Ox., Kaapk M., ®uivka 14IMbl M YIPARISCMDIE TCPMOSICPHBIE
peakumy, nep. ¢ atri., M., 1963; 6) Koanos B. H., Cxopocin Tepmo-
SIEPHBIX PeaKUMi. «ATOMHag 3Heprus», 1962, T1.12, B 3. c. 238;
7y Fowler W. A, Caughlan G. R, Zimmerman B. A., Ther-
monuclear reaction d rates 2, «Ann. Rev. Astron. and Astrophys.».
1975, v. 13, p. 6Y9: 8) Koran B., Jlucuua B. C., PajmanuoMusic
npoueccsl B maazMe, B c6.. WTO'H Hayku ¥ TCxHMkm, cep. ©HMka
mwiaiMul, hon pea. B. 1. llladpanosa, T M., 1983;9) Ppank-Ka-
Medeuku# J. A, ®Guanueckue npolecch! BHYTPH 3pean, M., 1959;
10) SAinepuas actpotminka, Hox pea. Y. bapuca, J. Knefitoua,
A. Wlpamma, nep. ¢ anrn, M., 1986; 11) Hapes B. A., Huskotem-
HepaTypHelit saepHbii cunTel, « YOH», 1990, 1. 160, 8. 11, c. |.

. . . B. H. Kocan.
TEPMOSI AEPHLIA PEAKTOP — paspabateiBaemoe
B 1990-x IT. YCTPOHCTBO ANf MOJIY4CHHS JHCPIHH 33 CuéT
peakuMi CHHTE3d JIEIKMX ATOMHBLIX H/EP, TPOHCXOALIHX
B Nma3Me TPH oOueHb BbICOKHX Temmn-pax (2 10® K). Ocnu.
TpeboBaHHE, K-POMY NOIKEH Y10BNneTBopaTh T. p., 3aK1104a-
€TCS B TOM, 4YTOObl SHEPrOBBINEICHAC B PE3YILTATC MEPAIO-
Adepubix peakyuii (TP) ¢ HIGHITKOM KOMIUCHCHPOBAIIO 34 TPUTbI
JHCPTHH OT BHCIL, HCTOYHWKOB Ha HO/ICPKAHKE DEAKIHH.

Pasnyuator asa tHna T. p. K iepBoMy OTHOCSTCA PEAKTOPSI,
K-DBIM JIIEPrHA OT BHEUL HMCTOYHHKOB HCOGXOOMMA TOJIBKO
s 3akuranus TP, [lance pcakuuy TOAAEPAKUBAOTCS 3a cuét
3HepruH, BriACAIOWeHCs B niazve nipu TP, Hanp. B nedTcpuii-
TPHTHEBOH CMECH HA MOIJIEPXKAHHE BBICOKOH TCMI-pbl pac-
XONYETCH JHEPTHH G-4ACTHIL, OBPAIYIOIMACH B XOA€ PEAKLHH.
B cMmecu nedttepus ¢ He SHEPrHs Bcex NPOMYKTOB PCAKUHIA,
T. €. G-4aCTHI W TPOTOHOB, PACXONYETCA HA HOLICPXAHHE
HEOOXOAMMON TeMI-phl IUT43MbL. B CTAlIHOHapHOM pCXHME
paboter T. p. 2Heprus, K-pylo HecyT 3apsiX. NPOAYKTHI peak-
LMH, KOMIICHCHDYET 3HCPreTHY, TOTCPH M3 IUIa3Mel, 0BYCIIoB-
JIEHHBIE B OCH. TCTIIONPOBOHOCTBIO IUII3MBI H H3JIyYCHHEM.
Takne pcakTOPhl HA3. PCAKTODAMH C 3dXKHIaHHCM CAMOITOJI-
NEPRKHBAIOILEHCS TEPMOSNEPHONR peakuHH (cM. Jaocucaima
Kkpumepuit). Tlpuvep takoro T. p.: mokasax, cmeaadpamop.

K ap. tuny T. p. OTITOCATCA PEAKTOPRI, B K~phIX AUIS TOLIEp- '
WAHWA TOPEHHS DPCAKIHM HC/IOCTATOMHO SHEPTHH, BBUIENSIO-
HIeHcs B TUTA3ME B BHAC 3apsiX. NPOAYKTOB peaklHi, a ueob-

e

Mesxtynapoauniii TepMosuepHulii Jkencpumentanbabii peakiop HTIP:

1 — ucHTpaNLHbIH coscnont, 2— Gianker —3almta; 3 —miaiMa; 4 —

BAKYYMHaR CTenka; 5 — 1py0onpoBol OTKauKH; 6 — KPHOCTAT; 7 — K

TYLIKH AKTHBHOI'O yNP4BJIeHHR; §—KaTylIKR TOPOHAANLHOIO MATHHT-

HO1 0 TIOJIA; Y —Ne¢PRas CTeHKd; [ — AMBePTOpHBIE FIACTHHBL /] —Ka-~
TYWKH UOJIOHIANTLHOTO MAIIHTHOTO MOJIA,

X0OQWMa 3HEPrUf OT BHELl. HCTOMHHKOB. Taxkue PEAKTOPBI NIPH~
HNTO Ha3bIBATh PEAKTOPAMH € NTO/UICPXAHHEM IT'OPCHAS TEPMO-~
AACPHBIX PEAKUHH. ITO MPOUCXOAMT B Tex T. p., rae BeJHKH
IHEPTETHY. MOTEPH, UANP. OTKPBLITAA MArH. JIOBYlIKA, TOKa-
MaK, pabOTarOUIHH B pexkHMe M0 IIOTHOCTH M TEMII-pe Mias-
Mbl HHXe KpHBOH 3axxurauds TP. Dtu aBa Tna peakTopom
BKJIKOMAKT BCE BOIMOXHBIC BH/IbI T. P.. K-pbI€ MOTYT Gl:lTb
NOCTPOEHEBI HA OCHOBC CHCTEM C MATH. Y/IEPXKAHHEM IUIA3MBI
(TOKaMak, CTeJLIAPATOP, OTKPBITAS MArH. JIOBYIIKA H p.) HIH
CHCTEM C uHEPYUAIbItbI M vdep,»cauue,u fLT1a3MBbl.

PCﬂKTOp C HHEPUHAJIbHBIM Y AEPXKAHHEM T 1a3MB1 Xap'dKTCPI‘F
3yCTCA TeM. 4TO B Hero 3a kopoTkoe BpeMs (107 8—107" ¢)
€ TOMOMbBIO ambo H3JIYMEHHA J1a3epa. anbo NYYKOB PpEIIATH~
BHCTCKHX 3JIEKTPOHOB HJIH HOHOB BBO/IMTCA DHEPIHA, J1OCTa-
TOMHUS NI BO3HHKHOBEHHS H nojytepxauns TP, Takoit peak-
Top ByneT paboTaTh TONLKO B PEXMME KOPOTKHX HMIIYICOB,
B OT/IHYHE OT peaKTDp'd € MArT. YAEPKAHHEM I1Ta3MBbI, K-pl-lﬁ
MOXET pﬂGOTa Tk B KBAJHCTAIIHOHAPHOM HJIH JA%E €TALHOHAP~
HOM P&KHMUX.

T. p. XapakTepH3yeTcs KO, YCHIICHHST MOUIHOCTH (X06poT-
HOCTBI0) (J, PABHBIM OTHOLICHHIO TEILIOBOH MOIHOCTH peaK-
TOpa K MONHOCTH 3aTPAT Ha €€ [POM3ROJCTBO. TersoBas
MOIIHOCTh PE€4KTOpa CKIAABIBUCTCH H3 MOIIHOCTH, BBIIENA-
oniecifca nmpy TP B mi1a3me, MOIUHOCTH, K-pas BBOIMTCN
B IJIA3MYy /114 MOAAECPHKAHHA TEMII-Dbi TFOpeHHA TP unn non-
AepXanus CTHllMOHupHOI’O TOKa B MJIA3ME B C.1y4a€ TOKAMIKA,
H MOIIIHOCTH, BBLIEIAKONEHCA B T.H. 0. 1a HKETE U B pajHal.
sawnTe T.p.—cnet. ofoJouke, okpykaromed TmiaiMy, B
K-PoOil yTHIMIYCTCA DIEPruf TEPMOS/IEPHBIX HEHATPOHOB H
K-pasf CIlyXHT 3AMHTOH CBCPXIIPOBOJIAIHX MArd. KaTYICK OT
HEHTPOHHOTO H PA/IMOAKT. U3JYUCHHI.

Pa3spabotka T.p. ¢ MarH. yaepxaHueM GoJiee npoABHHYTA,
4eM CHCTEM ¢ HHEPLMAIBHBIM yitepkaHuem. Cxema Mexayna-
POLHOro TEPMOALEPHOrO JKCIICPHM. DEaKTOpa — TOKAMaKa
HTIP, npockT k-poro paipaBateiBaetcs ¢ 1988 ueTnipbms
cropoHamu — CCCP (c 1992 Poecus), CBIA, crpanamu Esp-
atoma u SnoHMCH,~— npe/cTaBleHa Ma pAcyHke. T.p. HMeer
cled. mapaMeTpbl: GOJBIIOH pajiayc mstasmsl 8.1 M; manbii
PAAHYC TUIA3MBI B CP. TUIOCKOCTH 3 M: BBITAHYTOCTB CEYEHHN
MAa3Mbi 1.6, TOPOHNAIbHOE MATH. 110.1¢ Ha ocH 5.7 Ti; HOMH-
HaJIbHBIH TOK Tia3mMel 21 MA; HomMuHAIBHAA TepMOSAEpHAN
MomHocTh ¢ DT Tonnusom 1500 MBT. Peaktop comepxur
CJIC/I. OCH. Y3JIbL: IIEHTP. COJCHOH l, ICKTPHY. 110Jie K-poro
OCYIICCTBASET MNPOGOH ra3a, peryJupyeT HapacTaHHe ToKa
H NO/LVICPXHBACT €ro BMCETE CO CNEil. cHeTeEMOH JONOJIHHT,
HaIpeBa IUIA3MBI; TIEpBasi CTCHKA 9. K-pas HCMOCPeCTBEHHO




ofpanieHa Kk HIa3Me H BOCHPHHHMAET NMOTOKH TeNia B BHAC
H3Ty4eHHs H HEHTPa/bHBIX 4acTHI; GraHkeT —3ammTa 2,
K-pbl€ SBJ. HEOTbeMJIeMOH 4acTeio T.p. Ha AeHTepHH-TpH-
THeBoM (DT) TounHBe, T. K. B GIaHKETe BOCHPOHIBOJHTCS
cropesuiHii B Hnasme TpuTHHA. T. p. Ha DT Tonnuse B 3aBHCH-
MOCTH OT MaTepHasla Oj1aHKeTa MOXET GBITh «HHCTBIMY» HIIH
l'H6plU]lelM Baarker «uncToro» T. p. conepxHT Li; B HEM HOA
JICHCTBHEM TEPMOSIICPHBIX HEATPOHOB HONYYaeTCs TPHTHH:
SLi+n—T+*He+4,8 M3B, H IPOHCXOHT YCHJIEHHE YHEPTHH
TP ¢ 17,6 MaB no 22,4 MaB. B Gnankerte 2ubpudnozo mepso-
xbepnoeo [peaxmopa HE ToNbKO BOCUDOH3BOAMTCS TPUTHM, HO
HMEIOTCA 30KBI, B K-phle NOMEIIAETCA OTRANbHbIH 233U s
nonysenns **°Pu. OnmoBpemenno B 6naHkeTe BblienseTcs
3Heprus, papHas = 140 MoB ua oamH TepMosnepHbii Hei-
TpoH. T. 0., B ruGpuanom T.p. MOXKHO TOJyYaTh TPHMEPHO
B UlecTh pa3 GONEIlE SHEPTHH HAa ONMH HCXOIHBIA aKT CHHTE3a,
4eM B «yAcToM» T. p., HO HaNHYKE B TICPBOM CIyvae ACNAIIAX-
€ PaTMOUKT. BELICCTB co3naéT paaman. obcranosky, 6nmikyio
TOH, K-past CyLIECTBYET B ROepHbIX PgaKmopax IENIERHS.

BT. Pp. € TolHBOM Ha cmecH D ¢ *He 61anxer OTCYTCTBYET,
T.K._ HeT HeoOXONWMOCTH  ROCIDOM3BOAMTh  TPHTHIL:
D+*He—*He (3,6 MaB)+ p(14,7 MaB), ¥ Bcs aueprus sbige-
JIAETCS B BHAE 34pSX. NPOLYKTOB peakuH. Paaman. szammra
TpeNHA3NaYEHa JUA TIOTJIOLIEHHS 3HEPTHH HEHTDOHOB H pa-
JHOAKT. H3JlyYeHHA H yMCHBIICHHA NIOTOKOB TENa H H3Jyue-
HAR Ha CBEPXMPOBOMALIYIO MarH. CHCTEMY 10 NPHEMIICMOTO
IJIA CTalHOHapHOH paGoThl ypoBus. KaTyIkd TOpoHIanb-
HOTO MA4rH. HOJs 8 cnyxaT JUIf CO3/aHHS TOPOMIATBLHOrO
MarH. TIOJIA H H3rOTABIIHBAIOTCS CBEPXNPOBOMSLIMMH C HC-
TIONB30BaHAEM CBEPXIPOBOAHHKA Nb3Sn H MeIHOH MaTpHLEL,
pafoTatommx npH TeMH-pe xHakoro renns (4,2 K). Paspatue
TEXHHKH TOTYYCHHS BBICOKOTEMIIEPATYpPIIOH CBEPXNPOBOMH-
MOCTH MOXET MO3ROJIHTL HCKJIIOHHTL OXJIAXKICHHE KATyINek
XHIKHM TeJIHEM M NepeiTd ma Gosee meméBbld cnocof oxna-
XICHHS, HAanp. XHAKHM a30ToM. KOHCTpYKLHA peakTopa npH
3TOM CYILECTBEHHO He H3MeHHTcA. KaTylikH nosionaaneHoro
nons /] SBASIOTCA TakKe CBEPXMPOBOJAIIHMH H BMECTE
C Mard. nojeM TOKa HJIa3Mbl CO3JaOT PABHOBECHYIO KOH-
(QATYpalHIO MONIONAATBHOTO MarH. MOJIA € O{HO MIIH ABYXHY-
NEBEIM TOJIOMAAIBHEIM AHBEPTOpPOM [}, CoyXaulHM ais
OTBOJIA TENJIA M3 MNa3Mbl B BHJE NOTOKA 3aPSK. YACTHLl H JUIH
OTKAuKH HeHTPATH30BANHBIX Na JHBEPTOPHBIX ,TUIACTHHAX
NPOAYKTOB PEAKUHA: re;tust ¥ npoTHs. B T.p. ¢ D *He tomm-
BOM JMBEPTOPHBIC TIIACTHHBI MOTYT CIIYXHTh OJHHM H3 DIle-
MEHTOB CHCTCMBI MPAMOTO MPEeoOpa30BaHHS YHEPTHH 3apAXK.
TIPOZYKTOB PeakIMH B 3IEKTPOIHEPruio. KpHOCTAT 6 CyXAT
ATsL OXJAX/IEHHS CBEPXMPOBOJAIMHX KATYUIEK [0 TEMM-pbl
XHIKOTO TeJiHA HIIM GoJlee BBICOKOH TEMI-DHI MPH HCNONb30-
BaHHH GoJice COBEPLICHHBIX BLICOKOTEMIIEPATYPHBIX CBEPXIPO-
BOJHHKOB. BakyyMHas kaMepa 4 W cpelicTBa OTKaukH 5 mpen-
Ha3naueHbl JUIA NOJIYMEHHA BBICOKOTO BakyyMma B paboueht
KaMepe peakTopa, B K-poi co3na€rcs HiasMa 3, M BO Bcex
BCIIOMOTaTeNbHbIX 06BEMax, BKIIO4YAA KPHOCTAT.

B kauecTBe nepBoro 1ara Ha NyTH CO3JAHHA TCPMOAIECPHOR
3HePreTHKH Hpeactapaserca T.p., paboTatommit va DT cmecn
3a cuéT Gobineli CKOPOCTH NMPOTEKaHHUA PeakiHi, HeM TpH Ap.

cunTesa. B THBE PACCMATPHBACTCH BOIMOXK-
HOCTh  CO3MIaHHA Manopamioak'rﬂanoro T.p. Ha cMecH
¢ *He, B k-poM OCI. JHCPTHIO HECYT 3apsiX. MPOAYKTHI
PEAKIHH, a4 HEHTPOHB! Bo3HHKaloT axuiL B DD u B DT peak-
1WHAX NPH BLITOPAHHH poXAarollerocs B DD peakumax TpUTHA.
B pesynbTaTte 610N, onackocTh T. p. MOXET OBITh, 0-BAAAMO-
MY, CHHXCHA Ha YETHIPE-NATh NOPSAKOB BEIHYHHLI IO CpABHE-
HHIO C AACPHBLIMH DEAKTOPAMH JCNEHHS, OTNafacT Heo6XoaH-
MOCTh TIPOMBINLT. 00padoTKH pasHOakT. MaTEpPHaIoOB H HX
TPaHCTIODTHPOBKH, KAYECTBEHHO YNPOIUAETCH 3aXOPOHEHHE
PaJHOAKT. OTXOJ0B. Bripouem, nepenexTHBEI CO3JaHkA B Gyay-
meM 3xonoruuecku uuctoro T. p. Ha cMecu D ¢ *He ocoxus-
fores npo6aeMoit CBIpBA: €CTECTB. KOHUEHTPALMH HM30TONa
3He Ha 3emlle COCTaBASAIOT MHIUTHOHHBIE JOJM OT H30TONA
*He. TT03TOMY BO3HHMKAET TPYJHBLA BONPOC NOMTyHEHHsS HCXOA-
HOTO ChIpbSI, ANp. MyTEM JOCTABKH ero ¢ JIymbL

Jum.: Nuctynrosuy B. KU, Watanos I E., Tepmosnepuniii
peakToOp Ha OCHOBEe TOKamaka, B c6.. MTOrH HayKH H TeXHHKH, Cep.
Dmka miamel, 1. 2, M., 1981; Kagomues B. B, lIucTydosny

B. H., Mexsiynapoaumiit Tokamak-peaktop HHTOP. ®aza 1, «Atom-
Has JBeprus», 1983, 1. 54, 8. 2, ¢c. 83; Kadom(sevB. B. [e. a.], OTR-
experimental fusion-fission tokamak-reactor concept, & ks.: Fusion
reactor design and technology 1986, Vienna, [987: Report of the
International tokamak reactor workshop, organized by Atomic eneargy
Agency. Phase 2A, pt. 3, v. 1, Vienna, 1988; ITER Concept Definition,
v. 2, Vienna, 1990; Proceedmge of Second Wisconsin Symposium on
helium-3 and fusion power Madison, Wisconsin, 19—21 July 1993;
Tonosan M. H, '3uepre1m(d 21-ro BeKa M TePMOAIEPIILIE PeaKTOPhI,
CXHIaolKe resi-3, npeupuut HAD-5522/8, M., 1992,

B. M. Mucmynosi.
TEPMOSLAEPHbIA