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C ~HccepTa~He~ uoxHo oaaaKOYHThCR B 6H6nHoTeKe OHHM. 

YqeHuM ceKpeTSph CoBeTa 

K8H~H~8T !lJH3HKO-Y8T6M8THqecKHX H8YK 

B.H • .II(YPABJIEB 

OEJLAfl XAPAKTEPMCTMKA PJ 

AKTYSHhHOCTo npo6neuu. O~HHM H3 H8.H60. 

neKTHBHoro ~BHXSHHH RBnReTCH Bpa~eHHe. Teo. 

~8T6HoHOrO ~BHE6HHH B 8TOMHNX H~p8X 6NHH 3 

T6HoCOHOII/l/. C!IJopwyn.HpOB8HH8R HKH 110~6Ho, 
npe~nonaranach aKcHanoHO-cHKKeTp.HqHo~, now 

KOHOK6pHOCTH B OOB6~6HHH 8TOIIHUX R~ep npH 

HOBOrO KOK6HT8. BBXH~D ponh B HayqeHHH Bpa 

napHux KoppenR~HM/2 , I. B HSCTOH~ee BpewH 

OTeqeCTB6HHUX na6opSTOpHRX B6~6TCH HHT6HCM 

KOCOHHOBNX COCTORHH~ STOIIHNX H~ep, nonyqae 

~HH C THX6HNKH HOH8KH. ilOSTOKy oqeHh SKTYS 

C03~8HHH T60pHH HHH KO~ene~, KOTOpue, npa! 

KOOH6HHN6 C06KTpOCKOOHqecKH6 ~8HHN6 0 BNCC 

HK6HH ~OCT8TOqHyD npe~CK838T6HhHYD CHny ~l 

06HSCTHX. 0~HHK H3 B8EHNX BOOpOCOB, HS KOj 

T60pHR, RBHH6TCH BOnpoC 0 B03HHKHOB6HHH HI 

3BOHD~H dJOpKU H~pa npH Bp8~6HHH. llpH 3TOJ 

B03YOEHU6 3~6KTN, o6yCHOBH6HHU6 Tp6XOCHOI 

~HanaaoHe aHaqeHHM yrnoBoro woweHTa H aae ] 

OcHOBHue ~enH pa6oTu. I) C!IJopwyn.Hpl 

HHR OOB6~6H.HR nap8K6Tp8 H68KCH8HhHO~ ~e!IJo: 

peHHNX COHH8X B ycnOBHRX KOHKypeH~HH CBep: 

(6ec~eneBoro) peE.HKOB Bpa~eHHR. ~ccne~oBa 

HH 3~6KTN, CBH38HHN6 C H3116H6HH611 ~ -~e 

aewenhHOH o6nacTH. 2) Paapa6oTBTh weTo~ q 

qaDutHH B C66H a) peweHH6 yp8BH6HHH M0~6HH 

HHR B npH6HHE6HHH XapTpH~OKa-EorOnD60B8 

T6H~8H8 C yqeTOK CnapHB8HHHj 6) peW6HH6 

~HH HH3KOH6X8~HX KOHH6KTHBHNX B036y~eHH~ 

pocKonHqecKoM wo~enH/4/. HcnonhayH weTo~, 
!lJOpMy B COCTOHHHHX Hp8CT-OOHOCU KOHKp8THC 

B8Th npHpO~y HH3KOH6X8~HX KOHH8KTHBHNX BC 

loi0~6Hh ~nH HayqeHHH ~OpKN 6NCTpOBpawaD~Hl 

~OB8To BHHHHH8 060noqeqaux 3~6KTOB HS !lJC 

3H8prHHX B036JX~8HHH B WHpOKOK ~80830H8 

TS. 
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-.. -
OEi!LAH XAPAKTEPllCTldKA PAEOT!l 

AKTYBH:bHOCTl> npo6JieMH. O.ztHHK Ir13 HBHCionee" npOCTHX BM;!IOB K011-

118KTHBHOro·;~~BMllt8Hir1H HBn:HeTCH BpameHHe. TeopeTHqecKHe ocHOB~ Bpa

otaTenoHoro ,zpmEeHJiH B. aToMHbix H.ztpax Ci~;nH aan:OJiteHH Eopou M MoT
Ten::r,coHou/1/. CcflopMyn:HpOBBHHBH HMH MO,ll81I:b, B KOTOpOH.WOPKB H;llpB 

npe.ztnonaranac:r, BKCH81I:bHO-CKKK8TpH'lHOH, DOMOr;na DOHHTb MHOrHe 38-
KOHOMSpHOCTH B DOB8;!18HHH BTOMH~X H;!18p npH HSGOHbiDRX 3H8'l8HHHX yr-
1IOBOrO MOM8HTB. BBlltH~Kl po;n:r, B H3Y'l8HHH BPBIIl8HRH H;llpa CHrpa;n yqeT 
napHHX KoppenHu;MM/2, I. B HaCTOHotee BpeMH BO MHOrRX aapyCieEH~ H 
OT8'l8CTB8HH~X naCiopaTOpRHX B8;!16TCH HHT8HCRBH06 HCCHe;!IOBBHR6 B~CO
KOCDRHOBHX COCTOHHH~ 8TOMH!lX H,!!Sp, ·no;nyqaeM!lX B "peayn:bTBT6 peaK-' . 

IJ;Rti C THllt6HHMM HOHBiiH. IIOBTOMY O'l6Hl> BKTYBll:bHOli HBHH6TCH aaJiaqa 
C03,l!BHHH T60pHR li11IH MO;ll6118li, KOTOp!le, npaBH1I:bHO RHTepnpeTRpyH HB
KOD118HH!l6 CU6KTpOCKODMQ6CKH6 ;!IBHHH6 0 B!lCOKOCDHHOB!lX COCTOHHHHX, 
RM61llii ;!IOCTBTO'lHYKl npe;!ICK~38T61ll>HYKl CRHY. ;l(•HH HCCH6,llOB8HHli, .B HOB!lX 
oCi;naCTHX. O.ztH,RM M3 BBlltHHX BODpOCOB, HB KOTOp~e ,ll.OID!tHB OTB6THTI> 
Tl!OPHH, HB1IH6TCH BOn poe 0 B03HHKHOB6.Hliilii H68KCH81Il>HOli }:t6WCPMBURH H 
aBOll!OuHH !J)opM!l a;~~pa npM Bpa~eHHR. Ilplii aTOM Heo6xo;~~i!lio HayqHn · .. 

BoaMoiKHhle a!W,leKTH, oCiycnoBneHH!le TpexocriocTl>D H;llpa, B IDRPOKOM 
}:(HBD830H6 3HB'l8HRH yrliOBOrO Y.OI46HTB H 8H8prHH B03Ciyllt,ll6HRH. . '- ,. ' ~ - '. '- : , 

0CHOBH!l8 uen:R padOTll. I) cwopuynnpoBaT:& 140;!1~11:£, ;!11IH uay~e-
HHH DOB8}:(8HHH napaMeTpa H88KCHBHI>HOli ;!18WOPM8IJ;HH npH HHSKHX H yMe
peHHHX CDHHBX B ycnOBHHX KOHKypeHIJ;HH CB8pXT8KY'l8rO.H.HOpi481Il>HOrO 

. ( CieCDt8116BOrO) pelltHJo\OB Bp8li\6Hir1H. lfCC116;llOBBTb B paMKBX TBKOli MO;li6-

1IH 3cfl!J)6KT!l, CBH38HHH6 C H3146H6HH6M ~ -;lle!J)opMBIJ;Hlii B H;llpBX pe,l!K0-
38Men:&HOH OCiHBCTido 2) PaspaCiOTBT:b M6TO}:t 'lliiC116HHOrO BH81Ili138 1 BK11Kl
QB!OIItHli.B ceCiH a) pemeHR6 ypaBH6HHli M0;!161llii npHHY;llHT61Il>HOrO Bpame
HHH B npHCinallteHMH XapTpH~oRa-EoroniOCioBa .ztnH peanHCTH'lecKoro no

T~HURana C yqeTOM cnapHBBHHHiCi) pemeHM6 CeKynHpHoro ypaBH6HRH 
}:tllll HHSK0118llt_BillHX KOH116KTMBH!lX .B03Ciyllt,ll6HMit .BPBIIlBKllltHXCH.:M6P B WIK
pOCKODHQ6CKOit MO;li61IH/4/. lfcno;n:r,ayH M6TO;ll, Ir1CCJI6;llOBBTI> paBHOBElCHYD 

WOPMY B COCTOHHHHX Hp8CT-D01IOC~ KOHKp6THOrO H:ztpa li1 npOBHBHJii3HpO
.BBTI> npHP?.ztY HH3KOH8lltBDtHX KOH116KTHBH!lX B03Ciyllt}:t6HH1t. 3) IlOCTpOHTl> 
MO;ll61Il> ;!IHH H3Y'l8HHH ~OpM!l Ci!lCTpOBPBIIlBKllltHXCH HarpeT!lX H]:tep •. lfccne
}:(OBBTD B1IHHHR6 OCiOHOQ6'lH~- a!W,leKTOB HB ~OpY.y H;!16p npapaa;nHQH!lX 
SHeprHHX .B03Ci~6HHH B mHpOKOM }:tHBDB30H6 3HB'l6Hir11t yrHOBOrO MOM6H-

TB. 
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Hay~aaa HOBHaaa H npaKTH~ecKaa ueaaocTn. B ~zccepTauzz Bnep
BNe B pauKax MeTo~a reaepaTopaoli Koop~HHaTu .c!J.>opMynnpoBaHa uo~enn, 
B KOTOpOli R~po npe~CTSBnReTCR KSK TpeXOCHNli pOTSTOp, HM6ID~li ~Be 

fliaim: cBepxnpoBo~Ril!YID H. aopuannayici, - CBaaaaahle Mellt'Jty co6oli. IIo
ny~eao BupalKeaze ~nH MaTpH~aoro :meMeHTa npozaBonnaoro aenpz.ao~z-
uoro . Teiiaopaoro OJiepaTopa m 'Af1 • Ha OCHOBe ~aaaoro BNpaJKeHHH 
npoaaanzazpoBaau E2-nepexo~u B ,lUJYX!J.>aaaoli Mo~enu·~ IIoKaaaao, ~To 

.. ,. ... ':. J- ' ~ - • •• 

npz zaueaeHHH cTpyKTypu BOnHOBOH !J/YHKUHH .a cny~ae ne~exo~a OT 
CBepxnpOBO~Ril!ero pe:amua BP8ll!6HHR, xap~KTepaoro ~1IR HH3KHX CllHHOB, 
B HOpMS~bHhiH HnH TBep~0~61InHNli, XapaKTepaoro ~nR BhiCOKHX CllHHOB, 
noaBnaeTca fliaKTop aa~epJKkH E2-nepexo~oB. Mo,11enn MOJKeT 6h1Tn uc- · 

~ ... 
nonnaoBaHa .1:tnH Konz~ecTBeaaoro z Ka~eCTBeaaoro aaanzaa paa11zqaux· 

·xapaKTepHCTHK BP81l18IDII!HXCH aTOMH!liX R~ep npH HH3KRX H YMepeHH!liX 
cnzaax.___../ 

. PaapatioTaa ueTo~ ~zcneaaoro aa·am~aa i<omxeKTHBH!liX Eoa6ylK~eaHli 
Bp8!118!0li!HXCR aTOMHNX R):tep npet:teCCHOHHOli npHpO~, KOTOpllili BKniO~aeT 
npoue~ypy ·.J:tHaroaannaayHH .apa'maiOmeroca raMHnnToazaaa Hunnccoaa + 

·uoaono1Inaoe -cnapzEaaue, a TBKlKe pemeaze ceKynHpaoro ypaBHeHHR 
.J:tnH co6cTBeaaux M0.1\ npeuecczoaaoro .1\BHlKeaza. MeT0.1\ noaBonaeT aaa
msazpoBan npHpO;!\y HH3K01l6llt8li!HX K01IneKTHBHNX .B036YlK.1:t6HHli Bpa!llaiO
li!RXC!l R;!\ep. 

C!J.>9PMY~HpoBaaa MO;!\enn .J:tnH onacaaaa !J.>opMN 6ucTpoBpa!IIB!Oil!HXCH 
HarpeT!liX aTOMHNX R]:tep. B ]:tHCCepTaUHH BnepB!lie npe,J:tCT8B1I6Hhl peaynn
TSTN pacqe'l'a :ztnH !J.>opM!li pa,11a a~ep za o611aCTH IIO <A< 210 B wzpo
KOM ,1\Hanaaoae aaaqeazli yr1IoBoro uoueaTa H aaeprHH Boa6ylK,1\eHHH. 
BnepBhle aa ocaoBe peanHCTHqecRoro noTeauHana no11yqeau oueaRH xa
paRTepHcTzqecKoli TeunepaTypu H aaeprzz Boa6yllt~eaza, npH KOTOphlx 
o6oiioqe~aaa nonpaBKa nepeCTaeT Hrpan CYII!6CTB6HHYID ponn B onpe,11e-
1l8HHH !J/OPMN H,J:tpa. ·Mo.11enn MolKeT 6uTn HcnonnaoBaaa ,J:tnll onHcaHHH 
n1IOTHoCTH ypoBaeit paanzqa!liX KaaanoB ~eBoa6yJK,116HHH aarpeToro fl.1:tpa, 
a T8KlK6 HayqeHHR KOnneKTH.BHNX S~8KTOB, B03MOlltHhiX npH 6NCTpOM 
BpallleHHH aarpeTux a,11ep. PeaynnTBThl pacqeTa noKaauBaiOT, q1o KPHTH
qecKHli.K .1\61I6HHID yr1IOBOH MOM6HT H 6apnep ]:t61l6HHH B KOMnayH]:t-COC
TOllHHHX, nonyqeHH!liX B p68KUHH C TlllK6nNMH HOHSMH H HM8!0li!HX aaep-

"' rHIO .B036Yllt.1\6HHR noga~a 20-30 MaB, MOlK6T 6NTn OU8H6H B pa»KSX MO-
,J:temt lKH.1\KOli Rannzl I. · · · · · 

· Anpo6agHH pa60Thl. PeaynbTaTu .1\HCcepTaUHH ~oKna~Banzcn z o6-
CYlK.J:tanzcn aa C6MHHapax Jia6opaTOPHH TeopeTaqecKoll tPHSHKH OlliUl, OT-
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.J:tena TeopeTuqecKoli fliaaHKH HH~ AH YaCCP, aa Mellt.J:tYHapo.J:tHOM caMnoaa
yue no BNCOKOCriHHOB!liM COCTOllHHllM H CTpyKType R;!\pa (.llp63,1:t6H, 1977) 
aa npurnaweaaux ce»Raapax no H~epaoli cTpyKType {~Pr, 1978), 
XY CoBe!llaaaa no a,J:tepaoli cneK'l'pocKonzz a Teopzz a~pa {ny6aa; 1978) 
a TaKlKe aa XXYill(AnMa-ATa, 1978) H XXIX {Para, 1979) Bcecoroaaux 
COBelllaHHHX no H~epHoli cneKTpOCKonHH H CTpyRType R~pa. 

Ily6nHKagHRo Ilo peaynnaTall ~RCCepTSUHR ony6HHKOBaHo C.eMn 
pa6oT. 

06~eM pa60T!li. naccepT8UHll COCTOHT H3 BBe~eHHll, Tpex rnaB, 
aaRmoqeHHll H npH1lOlK6HHR, CO]:t6pllti4T 108 CTpaHHU MaiiiHHOfiHCHOro T6K
CT8, 17 pzcyHKO.B, 3 Ta6m:IUN H 6H6nHorpa!J.>HqeCKHli CfiHCOK 1IHTepaTy- · 
pu H3 90 aaHM6HOB8HHli. 

conEP!AHHE PAEOT~ 

Bo BBe.lJi6HHH CO~!JPlKHTCR. KpaTKOe paCCMOTpeHHe Bon poe a 06 a:zte:-. 
KB8THOCTH OllHCaHHR cneKTpa H .aepOHTHOCTH_aneKTpoMarHHTHNX nepeX0-
.1\0BB ,118!J/OpMHpOBaHHNX R~pax npH fiOMOII!H M0;!\81l6li aRCHannH_oro H 
Tpexocaoro poTaTopoB. PaccuaTpHB8!0'l'CR awti>eKTll' BO_SMOlKH!le npH 
Bpali!6HHH H;!\ep KaK npH ae6onbWHX H yMepeHHNX CnHHaX B COCTOHHHHX 
HpacT-nonocu, TBK H npH Buco~zx cn"aax n aeayneBoit aaeprHH Boa-= 
6ylK;!\6HHH. ~OpMynHpyeTCH llOCTaHOBK8 aa~aqz 06 HCCne~oBaHHH noBe:-. 
,1:t6HHH napaMeTpa H68KCH8nbHOH .1:t~!J/OpM8UHH BO Bp8ll!a101I!HXC_H R~pax. 
KpaTKO zanollteao co,J:teplKBHHe ~HccepTaUHH. 

B nepBoli rnaBe B paMKax MeTo~a reaepaTopaoli Koop.J:tHHBThl fliop
uy;nHpyeTca Mo~enn Tp6XOCHOrO. pOT8TOp8, _HM610ll!6rO ~Be fliaalli: CB6pX
T6KY~YIO H HOpMannHYID, B KOTopoil menb {A) paBHa .HY1IIO, - CBfl3aH
Hll6 M6E~Y co6on. nna MOM6HTOB HH6~UHH CBepxTeKy~eli !J/83~ HCnonb
ay6TCH napaMeTpH3aUHR, COOTB6TCTBYI0~8R K01IneKTHBHOH M0.1:t61lH Eopa
MOTTenbCOHa. MoweHTN HHBPUHH aopManbaoli waau napaMeTpHayiDTCR KBK 
~na liteC_TKoro Tpexocaoro' poia'l'opa. MaTpHqaoe ypaBHBHHe .1\nR raMHnb
Toazaaa MO~enH npHBO~HT K aaanHTHqeCKOMY Bblpa~eHHIO ,J:tnH aHeprHH . 
COCTORHHH C ~8HHNM 1 H ·_B~pallteHHIO ,J:tnR BepoHTHOCTH H8XOlK,1:t6HHH R~pa 
B CBepxTeKyqeli fliaae: 06a STH Bhlp8llt6HHH 38BHCHT OT MaTpH~HhiX-ane
M6HTOB paanHqHhiX KOM6HH8~Hli KOMnOH6HT onepaTopa yrnoBoro MOM6H-
Ta. 

B § 2 npoB0.1\HTCH Bhlqzcneaze MBTpHqHux aneueaToB, aaBHCHiliHX 
OT yrnoBoro MOM6HT8, B RorepeHTHNX,COCTORHHRX, cpeAHee 3Ha~eHH6 

no KOTOphiM, HanpHMep, ~nR 1lHH6HHhiX KOMnoHeHT_ onepaTopa 
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yrnoBoro MOil6HTa eli ( i "x., JJ, ~) HM66T BM~ 

< UxMI £.x lllr11> 
( UrMI Ur11> 

,_ -I cos q>&i.n e 

< UrMI £.yl UrM) =:: -I sin'Psih8 < UrMIU:rM) 

( UrMI ct~lllrM) =-I case. (I) 
. ( U1MIUn1> 

TaKHil 00pa30M, KOrep6HTH~8 COCTOHHHH ll03B011HDT OllP6A811HTL ll0110X6-

HH6 BSKTOpa ae. yr1IOBOrO MOil8HTa BO BHyTpeHHeli CHCT61l6 KOOp~H-
HBT. 

B §3 B paMKBX M6TO~a reaepaTOpHOH KOOp;llHHaTbl il011YII8HO B~pa
E6HH6 ;ll1lfl MaTpHI!HOro 3116M6HT8 npOH3B01lbHOrO H8llpHBO~HMOrO T6H30p
HOrO onepaTopa rn~~ MY1lbTHll011LHOCTH ~ • Ha OCHOB8 STOrO no-
11YII8HO Bblp8E6HH6 ~11H B6pOHTHOCTH E2-nepeXO;llOB B ~yx~a3HOH llO~S-
1114. B cJiyqae, KOrAa CTPYKTYP~ cocTOHHHM, uez~y KOTOPliiMH npol4cxo
~HT E2-nepexo~, CH11LHO p8311H1!8DTCH 1 HHT6rpa11 nepeKpbiB8HHH MSE~y 
HHMH npnBO~HT K·~ononHHT81lbHOMy WBKTopy aa~epEKH aneKTPHII6CKHX 
nepeXO;llOB~ 

B § 4 ;llBSTca KpaTRoe H31IOESHHe ueTo;lla CTpyTHHCKoro ~11H_B~-
. I!HC118HHH 3HeprHH ;ll8~0pM8~HH H6Bp8!118D!II8rOCH H;llpa. IlpHBO;llflTCH pe-

3511LTaTbl p8CI!6TOB SHeprHH ~6WOPM8UHH no M6TO;lly CTpyTHHCKOro ;ll11H 1 6
E.-. H !66 Er • OTMeqaeTca aaueTHoe paanHqne B aHeprHH ~ewop

~aaunn·~na STHX fi;ll6p KBK B nap8M6Tpax ;ll6WOPMa~HH ll0T8H~H8118 1 T8K H 
B rnyOHHe llOT6H~H811bHOH 3HeprHH. 

B § 5 npe~cTaB118Hbl peaynbT8Tbl p8CI!8TOB SHeprHH COCTOHHHH, 
P8BHOB8CHbiX ll8p81l6TpOB ~e~Opll8UHH~ BSpOHTHOCTH H8XOllt;ll8HHH H;llpa B 
CBepxTeKyqeM waae ;ll1lfl I 6 Er- 14 I 6 Er- • Bb1HB118HO nOHB118HH6 

Oonomon HeaKcnanLHoM ~e~opM8~HH B nepexo;llHOM H;llpe 156 Er , KoTo

.paa yueHLm8eTca npn nepexo~e B HOPM811LHYD ~aay.B 166Er BSnHIIHHa 
n8p8MeTpa HeaKcHa1loHOM ;lle~opMaUHH ocTaeTca HeOonomo« ~o I<. 201i. 
IlPOBO~HTCH Bbii!BC118HH8 OTHOCI4T81lbHOH BSPOHTHOCTH E2~nepexo~OB ~11H 156

Et- no wopuynay § 3. P8CI!8Tlil nOK83811H CY!II8CTBOB8HHe 38;ll6PEKH 
nepexo~8 ro+-. rz+ B I56E..-. . 

B § 6 npoBo;llHTca o6cyX;lleHHe nonyqeHHux peaynLTaToB. OTueqa
eTca, liTO B YC110BHHX KOHKYPSHUHH MSX;lly CBepxnpoBO~fl!IISH H HOpM811L-
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HOH ~838MH BOSMOEHbl CY!II8CTB6HHble H3M6H6HHH B OpH6HT8UH11 yr1IOBOrO 
MOM6HT8 BO BHyTp6HH6li CHCT6M6. 0TM61!86TCH T8KE6 K81!6CTB6HH06 CO
rnacne pesy1lbTaTOB pacqeTa OTHOCHT61lbHOH BepOHTHOCTH E2-nepeXO;llOB 
C Up6;llB8pHT61lbHbiMH 3KCnepHM6HT811LHbiMH ;llaHHhiMH/6/ B OnHCaHHH 'aa
~epEKH E2 .. nepeXO;ll8 ro+- rz+ ~1lfi 156 Er • llpoBO;llHTCH cpaBU8HH6 

3KCnepH1&8HTa11LHbiX H paCCI!HT811Hb1X'SH8prHli COCTOHHHti C pa31111~H~MH 
I ;llna 156 Er- • . 

BTopaa rnaBa ;llHCCepTaUHH nOCBHI!(8H8 paCI!6TY H anannay COOCT
B6HHbiX 1!8CTOT HH3K0116lKaUU1X K011116KTHBHbiX B03dYB:;ll6HHti npeueCCHOHHOH 
npHpO;ll~ B 1!6TH0-1!8THNX H;llpax HB 0836 MHKpOCKOllH1!8CKOli MO;ll611H Bpa
!llaD!II8rOCH H;llpa/4/, KOMOHHHPYD!IISH ~;ll6H MOA611H-npHHYAUT61lbHOrO Bpa~ 
!116HHH B OllHCaHHH Bpa!IISHHH H npH011Hllt6HHH M6TO~a cnyqallHbiX ~83 A11H 
aaanrisa BHyTpeHHHX BoaOyllt;lleHHH. ' 

B §I xpaTKO nanaraeTca MO;lleno MnxalinoBa-Hacceaallf./, a TaK-· 

X6 ~OpM811H3M,HCll01lb3Y6M~ll B MOA611H. IlO;llpOOHO p~~CMaTpHB88TCH Bbi
BO;ll C6KY11HpHoro ypaBHSHHH ;ll11H COOCTB8HHbiX qaCTOT HH3K0116Xa!11HX 
K011118KTHBHbiX B03UYE;ll8HHH 1 KOTOpble B npe;llene, KOr;ll8 1!8CTOT8 Bpa!lle
HHfl · .Q ~ 0 , nepexo;llHT Ii nociie;lloBaTenoHOCTL c·ocToaanM ~ -Bn6-

paunoaHoli ll0110C~ C. H61!6TH~MH CllHH8MHi a B cnyqae, KOr;lla ABYXKB8-
3HI!aCTHI!H~e aaeprnn EKe>> .Q H E KP: >> w ( w - coocT-
Beaaaa 1!8CTOTa HH3K0116Eall(HX K0111l~KTHBHliiX B036yJK;ll6HHli) - ;llaiDT 

SHeprHH B036yJK;ll8HHfl O;llHO~OHOHHbiX B030Yllt;ll811Hli npeuecCHOHHOrO THna. 
B § 2 oocyx;llaetca ueTO;ll I!HCneaaoro .pemeHHH BapHaUHOHHWX ypaB

HeHHli MO.n;enH 11 paJIKax X<:l?E; a taKEe npnOnHl,eHHJI,ucnonoayeMNe .n;JIJI 
pemeHHH STHX ypaBH8HHli. M3118r88TCH M8T8MaTH1!8CKHli MSTO;ll I!HC118HHO
ro pemeHHH yp8BH8HHH MO;ll611H. IJpe~CTaB118Hbl peaynoTaT~ pacqeTa paB
HOB8CHbiX napaMeTpoB ~op~o~u a~pa 168 '(b . npn paanMI!H~x aH81!eHnax 
cnHHa BnnoTb ;llO I= 86 t , nonyqeaaux na ycnoBna MHHHMyMa ~YHKUH
OHana 

Er(f,,(f) = ELD(E,o) + S E Strut , (2) 

r~e EL.o (E., (f) - aaeprna BP8!118D!IISl1ca JKH;llKol1 Kann.u, a 

8 Estt-Ui: = Ex'P6 -Estrui ( r Strut ' - crnaxeHHaa qacu SHep
rHH no CTPYTRHCKOMY) - ooonoqeqHaa nonp8BKa CTpyTRHCKoro. KaK no
xaaanu peaynuaT~ pacqeTa, napaMeTp H·eaKcnanLHOCTH 0 ;ll11H H;llpa 
I68'(b .npH H6Q01lbWllX 3Hal!eHHHX yrnoBoro MOM8HTa B8;ll8T ce6a CO

rnaCHO npe~CKa38HllHK rH~pO~HHaMHI!SCKOff MO;ll611H 1 a npH YB611HI!6HllH 
yrnoBoro uoweHTa npo.ucxo~HT nepexo~ K TBep;llOTenoHowy npe;lleny. 007 
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cy~86TCH ll0B6~6HH6 paCC'lHTBHH~X MHHHMBnbH~X ~YXKB83H'l8CTH'lH~X 

3H6prl!.i1 ~nfl H6llTPOHOB H llPOTOHOB, npoB·O~HTCfl cp8BH6HH6 p8CC'lHT8H
H~X H 3KCll6PHM6HT8nbH~X 3HB'l6HHU 3HeprHti COCTOHHHll Hp8CT-ll01IOC~ 
a~pa 168 Yb • . . -· -

B.§ 3 npe~cTaBneH~ peaynLTBT~ pacqeTa cexynapHoro ypaBHBHHH 
~nfl C06CTB6HH~X 'l8CTOT HH3KOnexa~HX KOnneKTHBH~X B030y~6HH.i1 HB 
daae paBHOBeC~X napaueTpOB wop~. nony'leHH~X B § 2, ~pa I 68Yb. 
llpOBO~l!TCH cp8BH6HH6 Tpex TllllOB 0~6HOK 'l8CTOT T8KOrO BH~a B03dyx
~6HHH: Ml!KpOCKOllll'l6CKOti, TB6p~OTenLHOH H nonyTB6p~oTenLHOU (cu. 

pRe. I). 

tl' E:(NtVI 

ag 

• Q7 

as 

Q3 

Of 

0 

, 
\ 
I ,, 

II 

k 
" \ 

\ 
\ 

zo 

e-RPA I 
x- rii · \ 
o- crank \ 
0- 111p. 

I,·-. \ 
' ', 

'" ', .. 

](II} 

PHc. I. 0~6HKH 3H6prHH B03dyi~eHHH HliX8HlliHX COCTOHHH.ti 
C H6'l6TH~MH Clll!lla.MH I B H)lpe I6Byb 

0TM6'l86TCH 3H8'lHT6nbH06 paCXOX~6HH6 TB6p~OT6nLHOU ll Ml!KpOCKOllH
qecKOll o~eHoK. PacqeT~ no~TBepm~a~T Ka'leCTBBHHUH aHanHa B OTHo
rueHHH llpllpO~~ TBKHX B03dym~BHHll, ~BHHUU B padOTe/7/ H OTM6'l6HHUH 
B § I. 
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TpeTbH rnaBa ~HCCepTa~H nOCBH~eHa H3Y'l6HHID wop~ d~CTpoBpa
~a~~HXCH HarpeTUX H~ep. 

. B § I wopMymrpyeTCH MO~eno ~nH H3Y'l6HHH WOPMU dUCTpOBpa~a~ 
~HXCH HarpeT~X H~ep. C 3TOU ~6llb~ 8HBJIH3Hpy~TCH OCHOBH~6 nonOllt6-
HHH M0~6JIH, B paMKaX KOTOpOll CX:O~H~e BOllpOCU H3Y'lB~TCH ~nH Xono~_: 
HUX d~cTponpa~a~~Hxca a~ep. 9To noaBoJiaeT cwopMynHpoBaTL TeopeTH
'l6CKH.i1 no.ztxo~ npu t f. 0 B.· dnuaKoli aHanorRH c uo~e mro .ztna · xono.zt

~x Bp8~8ID~HXCH H.ztep. BB0,1lHTCH T6PMO~HH8MH'l6CKH6 llOT6H~Han~, 3K~ 
cTpeMyu KOTop~x npH .ztaHHUX T 11 t , ~nH I H S , Hnl! w H t. 
B aaBHCHMOCTH oT BH~a no~eH~Hana.. onpe~enaeT paBHoBeCHYI? KoHwzry
pa~H~ Boadyx~eHHoro a~pa; IToKaaaHo TBKllte, 'lTD WYHK~IUI Paycca-· 
rHddca FR npH t =0 nepexo.ztHT B B~palKeHHS .ztnH WYHK~HH Payc
ca R xono~Horo a~pa, HcnoJILayeMoro B padoTe/9/. 

B § 2 npoBO~HTCH cpaBHBHHe nonyqeHH~x peaynLTBTOB np11 Manon 
aHeprHH BoadyJK~eHHH Ha~ zpacr-nonoco.ti ( t = 0,2 MaB) c peaynLTa
TBMH·npe~~~y~Hx HCCne~OB8HHH OTHOCHT6llbHO p8BHOB6CHOH·WOPM~ dUCT
pOBpa~a~~HXCH xono~~x a~ep. CpaBHBHHe noKaauBaeT xoporuee cor;na
cHe H ll03BOnfl6T YK838Tb T6 X8p8KT8pHCTHKH, KOTOpue 38BHCHT OT na
paueTpH38~l!H Mo~enH 11 npHHHTo.i1 npo~e~ypu pacqeTa. ITo~odHo odcyJK
~a~TCH peaynLTaTu pacqeTa TepMo~HHBMH'lBCKHX noTeH~RanoB FR 
(WYHK~HH PaDcca-rH66ca), F (cBoC5o~Haa aHeprHH) H E (aHeprHa) 
.ztna a~pa I 6 Yb • OTMe'leH ~ecTpyKTHBHUfi xapaKTep x·oHKypeH~HH odo
;noqeqJioro (MHKpOCKOllll'l6CKOro) H lKH,1lKOK8ll6llbHOrO (M8KpOCKOlll!'l6CKO

ro) peJKHMOB ~6~PManHH B ~6WOPMHpOB8HHUX H CW6PH'l6CKHX H~pax. flpH 
aTOM B~HBneHa xapaKTepHCTH'lBCKBH TeMnepaTypa t n = I-I,2 MaB H 
aHeprHH :Boadym,lleHH.II U0 ; I4-I7 MaB, npH KoTopux odono'le'lHaa no

npaBKa nepecTaeT nrpaTb cy~eCTBBHHYID ponL B onpe.lleneHHH wopMu 
H.ztep. PeaynLT8TU p8C'l6T8 ll03BOliH~T npe~nOlKHTb llpOCTY~ HHTepnOnH
~HOHHY~ wopuyny, CBH3~B8~~y~ yrnOBO.ti MOMSHT H 3HB'leHH6 3Heprl!H 
B03ClYllt~6HHH U , npll KOTOpUX HM66T M6CT.O nepexo~ OT .ll6WOPM8~HH, 
THllH'lHOli ~na Mo~enH odono'leK, K lKH~oKanenLHOli 

(I/rn) 2 + (U/Un) "' 1. (3) 

B cnyqae I 60Yb In-;:::40, .· Un ~IS MaB. 
B § 3 odcyJK~a~Tca pe.aynnaT~ pac'leTa. O~HHM Ha BamH~x Bh!BO-

. ,llOB HBHH6TCH yCT8HOBll6HH6 xapaKT6pHCTH'l6CKqi1 TBMnepaTyp~ t_ n ll 
aHeprHH Boaoym~eHHH Un • ~anee oTMeqaeTCH, 'lTD aHeprHH Boadym
~eHHH K0Mll8YH.ll-CHCT6M, ll01IY'l6H~X B peaynLT8T6 CT01IKHOB6HHH THX6-
noro l!OH8 C ·H~pOM, B~lli6 X8p8KT6pl!CTH'l6CKHX T6Mll6p8Typ, ll p8BHO-
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B6CHbl6 il8Jl8M6Tpbl clJOpMbl T8KHX CHCT6M MOJKHO 01{6HHB8T:& B MO)'i61IH li:H~-

KOH xannz751. · 
. B llpHJ!Oli:6HHH ~8H BUBO~ qop~yn ~JIH MOM6HTOB HH6pl{HH, HCllOJ!b

·ayeMhiX B ~BYXclJ8SHOii MO~e,n~t. 
. B 38KJ!ID'l6HHH.npHB6~6Hbl OCHOBHhl6 pesynbT8Tbi·~HCCepT8l{lfH, KO

TOpb16 llP68CT8BJ!HIDTCH H8 sarnHTy: 

I. Ha OCHOB6 M6TO~a reHepaTOpHOH KOOp~lfH8Tbl CclJOpMynHpOBaHa. 
M0~6J!b, B KOTOpOii a~po npe~cTaBJIH6TCH KaK TpeXOCHbiM.pOTaTop, HMe

ID~ii HOpM8J!bHYID H CBepxnpOBO~H~ID clJasu, CBH3aHHhl6 M6JK~Y C06oii. 
MHHHMH38l{HH raMHJ!bTOHHaHa M0~6nH npH_flOMO~ KOrepeHTH~X COCTOHHHH 

. ~aeT SHepreTH'l6CKHH Cll6KTP H~pa. llony'l6HO BblpaJKeHH6 ~J!H B6pOHT
HOCTH aneKTPH'l6CKHX nepexo~OB c A I = 2. 

KOHKypeHI.{HH CB6pXT6KY'l6H Ill HOpM8J!bHOH clJas, B KOTOphiX HHep
l{HOHHhl6 CBOHCTBa no-pasHOMY SaBHCHT OT nap8M6TpOB ~6clJOpMal{HH,·Mo

JK6T BhiSBaTb llOHBJ!6HH6 3H8'lHT6J!bHOH HeaKCH8J!bHOCTH; CJ!OJKHO 38BHCH
~6H OT CllHH8. ilOK838HO Ha OCHOBBHHH nony'l6HHhiX Bhlp8JK6HHH ~J!H Be
pOHTHOCT.H SJI6KTplll'l6CKHX nepeXO~OB, 'lTO nepexo~ H3 O~HOrO p6JKHM8 
Bp8~6HHH B ~pyroii MOJK6T BbiSB8Tb sa~epJKKH SJI6KTPH'l6CKHX nepeXO~OB. 

2. M0~6J!b 6biJI8 HCllOJlbSOBaHa ~Jlfl Bhl'lHCJI6HHH SHeprHH COCTOHHHH 
HpacT-nonocu asoTonoB I 56 E r 111 I 66 E r , a Ta!tllte Bhl'lHcneHHH Be

poaTHOCTH SJI6KTpR'l6CKHX nepeXO~OB M6JK~y COCTOHHHHMIII RpaCT-flOJIOCbl 
B I 56 E~> • BhlaBneHo noaBneHRe 6onbmon aeaKCHBJibHOCTH B ·warKoM OT
HOCHTenbHO (f -~eclJopMaUHR a~pe I 56 Er B cocTOHHHHx c yrnoBhiM 
MoMeHTOM 0 < I ( Il{p, r~e I Kp ~IO-I2 -n - yrnoBoii MOMeHT, npa 
KOTOPOM HC'l6886T CBepxnpoBo~a~aa wasa. PacqeT no BepOHTHOCTH E2-
nepexo~OB ~na I 56 Er ~an Ka'leCTBeaaoe.-.cornacRe c npe~BapuTenbHhi
MH SKCneplfM6HTaJibHhiMH ~8HHbiMR B OfiHCaHHH 38~6plltKH nepexo~a 

Io+ ~ . I2+ 161. B CHJ!bHO~eif>op.MRpoBaHHOM H~pe I 66 E t"' ~HH8MH'l6-
CK8H HeaKcuanbHOCTb ·He noaBnaeTca BnnoTb ~o. cnaHOB I< 20. KaKRe-
JIR60 aHOM8JIHH B Cil6KTpe STOrO H~a H B B6pOHTHOCTH SJ!6KTPH'l6CKHX 
nepexO~OB He OJKH~8DTCH npH CllHH8X B STOLl HHT6pB8Jl6. 

3. Paspa6oTaH M6TOi 'lHCJI6HHOrO 8H8JIHSa KOJ!Jl6KTHBHhiX BOS6Y.JK
~6HHH oTpauaTenbHoii cHrHaTypu/I, 7/ B MO~enu MRxaltnoBa-HHcceHa74/. 

9TOT M6TO~ BKJIID'l86T npoue~ypy C8MOCOrJiaCOB8HHH ~JIH Bp8~8ID~erOCH 
raMHJlbTOHH8H8 HHJ!bCCOHa + MOHOflOJlbH06 cnapHB8HH6 B npH6JIRJK6HHH 

X~E, a TaKllte pemeHHe ceKynapHoro ypaBHeHaa, nony'leHHoro paHee B 
pa6oTe/4/. · · 
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4. Ha cicHoBe n~oue~yphl (n. 3) pacc'lHTauu paBHOBecuble napa
MeTpu clJopMu a~pa I

6 Yb BnnoTb ~o cnHHa I= 86 •. PacqeTu noA
TBep~HnH Ka'leCTBBHHhle BhiBO~!l pa6oTu/7/ o xapaKTepe noBeAeHua HHS
KonellCa~ax KOJ!Jl6KTHBH!lX BOS6yllC~6HHH OTpHI.{aT6JlbHOli CHrHaTyphl: B 

npe~eJie Q-+ Q C06CTB6HH!l6 'laCTOT!l TaKHX BOS6yllt~6HHH nepeXO~HT B 
llOCJ16~0B8T6JlbHOCT:& COCTOHHHH ~ -BH6pal{ROHHOii flOJIOC!l C H6'l6TH!lMH 
CflHHaMR, a_npH 60J!bWHX SH8'l6HRHX yrnOBOrO MOM6HTa- B O~HOtlJOHOH
Hhl6 Bos6ylK.it6HHH npeueccuoHHoro TRna. B o6nacTH cnRHOB 30 <I< 60 · 
llOJiy'laiDTCH aHOMaJibHO HHSKH6 01{6HKH.AJIH SHeprHH BOS6yllt,Zl6HHH npe-
1{6CCHOHHOH np11po~u. KaqecTBeHHoe o6bacueHue aTo.My MOEHo HaiiTH, 
06pa~aHCb K ~ByxclJa3HO.ii M0~6JIH. KaK pas npR STRX CllHHaX npoHCXO,ZlHT 
RSM6H6HR6 peJKRM8 Bpa~6HHH OT CBepXT6Ky'ler6 K 6eC~6JI6BOMY. R HSM6-
H6HR6 SHalta o-~eclJop.Mal{MH, TO 6CTb HSM6H6HHe OpH6HTal{MI<I yrnOBO
ro MOMeHTa OTHOCHTenbHO ocen TeHsopa RBa~pynonbHoro MOMeHTa BO 
BHyTp6HH6H CHCT6M6 KOOp~MHaT. 

5. PesynbTaTu .llnH 'lBCTOT Bos6yx,eH.~<~a npeueccuoHHoro .llBHxe
HHa B paMKax MHKpo·cK!lflH'l6C!toll MO.ll6JIH 4/ B 2-3 pasa oTnH'laiDTCH OT 
no~o6HhiX oueHoR, nony'leHHux O.EopoM H E.MOTT8JibCOHOM B MO.llen.~<~ 
TpexocHoro lK6CTKoro poTaTopa. 

6. CciJopwynupoBaHa Mo~enb .llJIH HsyqeHHa clJopMhl 6ucTpoBpa~aiD
~xca aarpeT!lX a~ep. · Mo . .llenb ~oBonbHO SROHOMHa B Bb16ope npe,Zlnono

llteHHll, OHa clJa!tTH'l6CKR OCHOB8Ha Ha np6.llllOJIOJK8HHHX, C~OpMynHpOBaH
HhiX .llJIH HSy'leH.~<~a xonO.llHhlx 6blcTpoBpa~aiD~Hxca R.llep/8 , I. Y'leT o6o
JIO'l6'lHOii nonpBB!tH H SHeprHH"JKH~KOll K8llmf ~6JI86TCH CTBH,ZlapTH!lM 

06pasow. 0TJIH'lH6 S8KJIID'l86TCH B o6pa60TK6 HH6pl{HOHH!lX CBOHCTB H~ep 
npH noMo~u cneuuaJIDHoro no~6opa mipaweTpo!J noTeHuHana Hun:&ccoaa. · 

ilOCTpOeHa npoue~ypa Bhl'lHCJI6HHH. T6pMO~HH8MH'l6CKHX B6JlH'lHH • 
(cBo6o~liaa aHeprua F , aHTponua S · H ~pyrHe). llpo~enaa cucTe
MBTH'leCKHlt pacqeT B o6nacTH MaccoBux 'lHcen IIO <A< 2IO. 

7. BuaBneaa xapaKTep.licTH'lecKaa TeMnepaTypa t ~::::I ,0-ti ,2 MaB 
H SHeprHH B036y~eHHlt Un~I4+I7 MaB; npH KOTOp!lX 060JIO'l6'lH!l6 oW~ 
W6KT!l nepeCTBDT HrpaTL cy~eCTB6HHYID pOJID B onpe~eneHHH clJOPM!l Bpa
Ui8D~HXCH H8rp6T!lX H~ep.'llpH T6Mll6p8Typ8XHJIH aHeprHHX B036ylK~6HHH 
Bume yxaaaHHhlx npoucxo~HT nepexo~ K JKH~KoKanenbHOMY pexHMY ~ewop
.u:auzu. 

8. 9HeprHH BOS6yz~6HHH, npH KOTOp!lX 060JIO'l6'lH8H nonpBBKB ne
peCT86T cy~eCTBBHHO BJIHHTb aa wopMy a~pa, sa.u:eTHO HHlKe THflH'lH!lx 
saepruit Boa6yJE.ztenua KOMnaya~-cocTORHHil, aacenaeMhlx B ( HI ,x n ) 



peaK~HflX. COOTB6TCTB6HH0 1 KPHTHqeCKHH K ,!t6H6HHD yrHOBO~ MOM6HT H 
oapbep ,!t6H6HHH.B KOMnayH,!t-COCTOHHHHX 1 o6pa3yD~HXCH B TBKHX peaK
UHHX, uomeT o~TL o~eHeH H3 pacqeToB, c~enaHH~X B MO.ztenH mHAKOU 
KannH/5/. · . . . . .· . .· . · 

9. IlpH Ma~X <JHeprHHX B030Yllt.lt6HHfl H H600HbWHX yrHOBUX MO
M6HTaX ll.ll6PH~e CBOHCTBB onpe,ll6HH6T OOOHOqeqHafl nonpaBKa. fi,llp·a 
npoHimHDT HH)!HBHAYanLHoc~L n aToU oonacTH B 3HaqeHHHx napaue_TpoB 
.zte~opua~HH. HeaKCHBHLHaa ,lle~opMHpyeMOCTL H,llep MOllteT .llOCTHraTL 
cyllleCTB6HHhrX 3HaqeHHH. B oonacTH aHeprHll B036ym.zteHHH H cnHHOB, 
orpaHHqeHH~ npHtiHHllteHHHM cooTHoweHHeM (3), B03MOlltH~ 3HaqHTenL~ 
HUe ~HYKTya~HH H,!t6pHOH ~OpM~, qTo MOllt6T 0Tpa3HTLCH Ha BepOHTHOC
TH KOHH6KTHBHUX KBa,llpynOHLH~ nepeXO,!tOB. IJpH ,llOCTHllt6HHH.XapaKT6-
pHCTHqecKHX TeunepaTyp HHH aHeprHU B030Yllt.ll6HHH BPBlll6HHe BU3UBaeT 
CnHDCHYTYD aKCHaHLHYD ,ll6~0pMa~HD. llpH SHeprHHX BOeOYllt.ll6HHH 6onee 
B~COKHX, qeM CH6.llY6T 113 COOTHOW6HHH (3), HH,llHBH,llyaHLHU6 CBOHCTBB 
H,llep CTHpa!OTCH BC6 00Hbl!I6 H OOHbW6,H ~OpMa H,ll6p onpe.zt6HH6TCH 
lltH,llKOKaneHbHUM xapaKT6pOM ,ll6~0pM8~HH. 
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