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Y~eaua oeRpeT&PL CoB&ta 

R8R~T tfHSKRD-M8T8M8TH~80RHX RSYR B.H.IypaBJ18B. 

OEIWi XAPAKTEPHC 

AKTYSRDHOCTL T8MH. HecwoTpa aa 6on 
n&CTH R~epHO~ ~3HKH H8 OCHOB6 M0~6ALHg 
ae cy~eCTByer y~oBnerBopHTenLaoA MHKpoc 
HNX CHCTSM, HCXOAH~ea H3 3A6M6HT8pHNX B 
OcaoBaaa TPY~HOCTL, BOSHHKa~~aa npa npa 
CK~ Ten,aaKn~qaerca B uaorouepaou 

~ aawHqeCKKX ypaBaeaHA. Craa~apraue uero~ 

60pHOBCK06 npH6AH~6HHR HAH B8pH8~0HHN6 
B8DTCR 3~6CL M8HO 3~6KTHBfigUH. ~eacTBH 
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noBneaa aanzqzew uanoro napawerpa B cHc 
CTpyKTypu npo6aoa ~YHK~H B cnyqae B8pH 

BwecTe c Tew y&e aaqHaaa c peweaH 
CT8HH p83BHB8TLCR M6TO~N C608p868ALHOrO 
wo~e~cTBHR H, cne~oBarenLao, napao~ T-u 
He CBR38H8 C MSHOCTLD K8KHX-HH60 ~HaHqe 
TOpNe ll03BOARDT YM6HLWHTL paauepHOCTL k 
yp8BH6HHA. B CBR3H C 3THM np6,11CT8BnR6T 
aux o6o6~eaH" AByxqacrHqagx cenapa6enLH 

C ~pyroA CTOpOHN, DHOH-R~epaue ~SR 

~86pHK, npe~~RBHRDT BC6 6onee BWCOKH6 T 
aoaaaqaocTH TeopeTHqecKoro HX aaanHaa H 
Bpewa cy~eCTByer waoro TeoperzqecKHX ex 
DTCR Te HAH HRN6 8Cll6KTN DHOH-R~epaoA A. 
HHTepec paccuorpeaze aaASqH as ocaoBe w 
npH6AHE6HHA K roqa uw ypaBaeazau. 0AHB H. 
aa npzweaeHHH weTOAS xoaeqaowepaux annpr 
CBR38HHgx DO~CHCT6M, D03BOHHH8 nonyqHTL 
HWX ypa BH 6HHA AAR 8MnHHTY.ll ynpy r oro H Hr 
qe rupex qaC THL\ . Ha OCHOB6 STHX yp8BH6HHI 
CMOTpeHHR npOL\6CCOB p8CC6RHHR ll-M630HOB 

Ue nL pa 6oTg - ~opuynzpoBKa wero,11a 1 

onepat opoB; npHuea eaHe wer o,11a Koaeqaoue) 
B38HMO~eiCTBHR ,IIHH peweHHH npo6neuu CBR: 
onHcaaHe npouecca HHaKoaaeprerHqecKor o 1 

ueaoaoB aa He3 (H3) c nouo~LD npH6nH&e HHJ 
HHA, nonyqeHHNX npHUeH6HH6M M6TO,ll8 KOH6 1 

MHHLTOHHBHY H,llepHOR llOACHCT6KHi COBM6CTI 
!1( tie3-paccemnm R AByxqacrHqaoro paaBanl 
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OEm!ff XAPAKTEPHCTHKA PAEOTH 

AKTYBnbHOCT& TBYH. HeOKOTpH HB 6011&mH6 yoneXH, ~OCTHrHyTH6 B 06-
11BOTH H,116pHOlt1 tPHSHKZ HB OCHOB6 K0,11611&Hb1X npeACTBBJI6HHH, ~0 CIIX flOp 

He cy~eeTBy6T Y.1tOBJI6TBOpHT6JI&HOH KHKpOCKOflHQ6CKOltt T60PHH MHOroqaeTHQ
HHX eHcTeK, Hexo~~elti Ha aJieweaTapHbiX.:saaHKo~elticT:aHltt Kei~y qacTH~BKH. 
Ocao:saaa Tpy~aoeT&, :soaaHKa~~aa npH npaKTHqeeKoK peweHHH aa~aq He
CK~ T6n,8BK11~QB6TeH B MHOrouepHOM XBpBKTepe COOTB6TCTBY~~HX ~
HBMHQ6eKHX ypBBH6HHi1. CTBH~BPTHHe M6TO~, TBKHe, KaK BMUY~CHOe H 
60pHO:SeK06 npH611H~6HHH H11H :SBpHB~OHHH6 no~XO~, KBK npB:SH~O, OK88H
BB~TCH a~ee& KB110 8~6KTHBHHKH. ~eltteT:SHT611&H0 1 HX npHK6HHMOCT& o6yc-
110B116HB HB11HQH6M KBnoro napaK6Tp8 B CHCT6M6 1 11H60 anpHOpHbiM SHBHH6K 
CTPYKTYPH npoduolti ~YHK~H B cnyqae :aapHa~HOHHHX noAXo~o:a. 

BK6CT6 e TBM yze HSQHHBH e p6W6HHH H~epHOltt SB~BQH Tpex Tan 
CTB11H paa:SHBBT&ca MeTO~N eenapa6en&aoro npe,11CTB¥116HHH napaoro :saaH
Mo~elticTBHH H, ene,110:S8T6]l&H0 1 napHOH T-M8TPHUN 1 npHM6HHMOeT& KOTOpbiX. 
He C:SRSBHB e MBnOeT&~.KBKHX-nH60 WH8HQ6CKHX napBM6Tpo:s e.HCT6MH H KO
TOpble llOSBOJIHmT YM6H&WHT& p83M6pHOeT& MHOrOQBCTHQHHX HHTerpa1l&HbiX 
ypBBH6HHlt1. B CBH8H C STHM np6,11CTB:S11H6T HHT6p6C paapa60TKB MHOrOMep
HbiX 06o6~6HHH .1!BYXQBCTHQHHX eenapa6en&HHX npeAeTBB1l6HHi1. 

C ,11pyrolt1 eTOpOHN 1 flHOH-H,116pHb16 ,118HHbl6 1 noeTyna~~e C M630HHHX 
~a6pHK, npe,11:I>HB11HilT :see 6onee BHeOKH6 Tpe 60:SBHHH K HBABllHOCTH H 0,11-
HOSHBQHOeTH T60P6THQ6eKOrO HX BHB11H88 H HHT6pnp6TBUHH. B HBeTOH~Be 
Bp6MH ey~eeTBY6T MHOrO T60P6THQ6eKHX exaM, .B pBMKBX KOTOpHX OflHCHBB~ 
mTeH T6 H11H HHH6 aeneKTbl flHOH-H,116pHOltt ~HHBMHKH. 0~8KO npe~eTBB1lH6T 

HHTepee paceMOTp6HH6 88~8QH HB OeHOBe M8T6Y8THQ6CKH 060CHOB8HHHX 
npH611HXBHHltt K TOQHHM ypaBH6HHHM. O~HB H8 TBKHX npOUB,llj'p, OCHOBBHHBH 
H~ npHM6H6HHH M6T0,11B KOH6QHOM6pHHX annpoKeHMB~Hltt ,K rBKHn&TOHHBHBM 
C:SHSBHHHX no~eHeT6M, fl03B011H11B nonyQHT& p88}1HQHbl6 BBpH~HTbl HHTerpan&
HHX ypa:sHeHHltt ,111lH BIU11lHTy~ ynpyroro H Heynpyroro paeeeHHHltt B C.HeT6M6 
Q6THp6X qaeTHU. Ha OCHOB6 8THX.ypB:SH6HHltt flOHB11H6TeH BOSMOXHOeT& pae
eMOTpeHHH npoueceo:a pacceauHa rr-weaouo:s aa HApax He3 (H3). 

Uen& pa60TH - ~opuynl1pOBK8 KBTO~B KOH6QH0146PHOH annpOKCHM8UHH 
onepBTOpOB; npHM6H6HHO ,Y6TO~a KOH6tUIOK6pHOi1 annpOKCHMS~H fl011HOrO 
B3BlU40~6t1CTBliH ,111l!l P6W6HH!l npo6n6KU· CBH38HIIOrO COCTOHHHH Tpex Ten; 
onacauHe npouecca HHaKoaaepreTHqecKoro (E!: 0) ynpyroro pacceaHHH 
ueaoao:a aa He3(H3 ) · c nouol!l&D npH6nHlteHIIHX qeTllpexqacTHQHHX ypa:sae
HHH, nonyQOHHNX npHMeH6HH6U UBTO~B KOHOQHOUepHOH annp9KeHUSUHH K ra
J.UI1l&TOHHBIIY H~6pHOi1 flO,l{CUCT6!.W; COBl!eCTH08 paCCl!OTp6HU8 I ynpyroro 
!1i He3-paccemmR, n ABynacTHllHOro paa:aana 31'+H€-.,Jrt-p+-a aa oc-
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ROBe yKB38HHUX ypaBHeH~H C ~OnOnHHTeHoHUM yCHOBHeU 06 8~~868TH'QeCKOM 
XBpBKTepe ~BHlKe'HH!l HYKHOHOB B H~pe B 06HBCTH HH3KHX H cpe~HHX 3Hep-
~Hit Me30HOB (0 ~E~ 400 MaB). 

HayqHaH HOBH3Ha u npaKTH'tlecKaH qeRHOCTo. B ~uccepTBUHH·BnepBue 
B H~epHO-WH3HQeCKUX HCCHef{OBBHUHX npe~JIOlileH MeTO~ ~OHeQHOMepHOH an
npOKCHUBUHH onepaTOPOB, ~eHCTBYD~UX B npOCTp8HCTBe ~YH~UUH HeCKOllo
KUX nepeMeHHhiX. 0;l(HHM H3 r.JIBBHhiX npel1MYll(eCTB ~BHHOro M6TO~a HBJI!leT
Cil era npocToTa. )lpyroit, cy~ecTBeHHO BBiKHUit acneKT pac_cuaTpJ.maeuoro 
YeTo~a, CB!l38H CO· CllMYD~IM 00CTOHTeJioCTBOM. B 38~8'118X M8JIOrO QUC1113 
Tell qaCTO npe~CT8Bll!leT HHTepec He TOlloKO 'lll1CJieHHOe peweHHe ypaBHe
Hl1H C8MO no CeOe, HO l1 BUpaxeHl1e ~Jill peweHHR, 38UHC8HHOe B y~06HOM 
BH~e ~llll nocne~yro~ero era ucnonosoBaHHR KBK BXO~Hoit UHWOPMBUHH npu 
paccuoTpeauu aa~aq 6onowero qucna Ten. B aTOM cuucne npe~noiKeHHhltt 

MeTOft RBnfleTC!l OC06eHHO y~06HUM 1 T8K K8K OH npHBO~HT K npH6JIHiK6HHO
MY peweHHD 1 06JI8;l(8ID~euy T8Kl1MH CBOitCTB8Ml1. 

S~~eKTHBHOCTo npe;l(JIOXeHHOrO MeTO~a npHMeHHT6rrDHO K onepaTopy 
llOJIHOrO B38HMO~eitCTBHR CHCTeM 6hll18 npO;l(6MOHCTpHpOB8H8 H8 npuuepe 38-
;l(8'11H H8 CBR38HHOe COCTOHHHe Tpex Tell. C T8KHM iK6 ycneXOM YK838HHUit 
M6TO;l( MOiKeT 0h1To HCllOllo30B8H ftllR H3y'll6HHR CBR38HHhiX COCTORHHit 60Jio
Wero qucn8 Ten. 

B cnyq8e 38~8'11H ynpyroro pacceHHHR ueTOft Koaeqaouepaoit 8nnpoK
cuuauuu npHMeHRJICR K rBMHlloTOHH8HY CBR38HHOH llO;l(CHCTeMhl. E~llH nony
qeHhl npl16JIHiKeHHhl6 q6Thlpexq8CTHQHhle yp8BHeHHH 1 KOTOphle RBJIHIDTCR ~0-
BOlloHO TOQHhiMH npu OTpl1U8T6lloHOH llOJIHOH aHeprHH CHCTeMU (HHXe nopo
ra p83B8ll8). Ha OCHOBe YK838HHhiX yp8BH6HHii BnepBhle OhlllO npoBe;l(eHO 
MHKpOCKOnH'Il6CKOe paCCMOTp6HH6 ynpyroro jf-He3 (H3)-pacceRHHH npH OT-

. puuaTenoaon nonHoit aaeprua CMCTeMhl, p8CCQHTUB8JIHCo ~83U u ~JIHHhl pac
ceHHJ.IH. Euno o6aapyJKeao, 'liTO B oTnuque OT 3[- He3-ftJIHH8 fi+ He3-p8c
ceRHHR B OCHOBHOM ~OpMHpyeTCR 38 C'll6T ynpyroro MHOrOKpBTHOrO pacceR
HHR. 

B ~accepT8~H nnepBue p8ccuaTpHB8JICR ASyx'llaCTH'IIHhltt p83B8JI 
JT+ Hi-. JTtp+d n· a)taa68TH'IleCKOM npuOJIHJKeHHH o~aoBpeueaao c 

ynpyrau 'Ji He3-p8cceaaaew npu aaepraax 0£ E !; 400 MaB. BBo.n;anca n8-
p8MeTp 8;l(H808TH'QHOCTH 1 KOTOphlit OK838JICR ,li;OBOlloHO MBJIUM (~0,25), 'liTO 
HBllfl6TCfl YK838HH6M H8 llpHMeHRMOCTb 8;l(H868TH'IIHOrO npa6JIHJK6HHR B STOtt 
o6nacTH aaepraa. ITpoBOftHl18Cb oueHKB ceqeaan p;ByxqacTU'IIHOro pa3B8JIB 
j{+H!-<ft p-t-rl > 'liTO ll03BOll!leT onpe;l(eJIHTo BellH'IIHHY BKJIBAB OHHap-

HOit 'IIBCTH aenpepuBaoro cneKTP8 TpeXHyKnoaaoro raMHlloTOHH8HB B ynpy
roe p8CC6HHHe :ff He3 no Cp8BHeHHD C BKJI8;l(OM OT OCHOBHOrO COCTOHHHfl 
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Cne.gy10li\He peaynbTBThl Bu,zumr8DTCH ,zprH 38!!\HTU:" 

I._ naaa qopMy~OBKa MeTo.n;a ROHe~oMepHoii annpoR~ onepa
TO:poB, p;eitCTBYJ!l!l41DC B npoCTpaHCTBe ~ H6CROJII.RllX nepeMeH!illXo 

· 2. MeTOA RORe~oMepaoil annpoR~ npHMeHeH :K onepaTOpaM 
UOJlHOI'O B3BliMO.n;eiiCTBIDI CHCTeM HeCROJII.RllX CBII3aHHHX tiaCTHU. BlmOJlHeH 
paC"'eT CBII3aHHOrO COCTOmmJI TpeJC; _TeJI. 

3. Hayqeao .lm3ROaaepreTH"'eCRoe (.n;o nopora paaBWra.). ynpyroe 
j/He3-paccemme HB OCHOBe npH6JIUllteHHhiX 'tleThlpeX'Q8CTHqHhiX yp8BHeHHH 1 • 

nonyqeHHhiX npuweHeHHeM M6T0~8 KOHe'QHOMepHOH annpOKCHMSUHH K HA6PHO-
MY r8MUJIDTOHU8HY. . . 

. 4 • .11CCJI6AOBBHH BRJia,lU1 ynpyroro li Heynpyroro npoJ:4eCCOB B ~- · 
HU . Jf± He3- pacceRHHit. • 

5. Hsyqeao ynpyroe Jf He3-paccemme H_ AJ3YX'IB.CTll'IHHli paaBa.JI 
Jf.fHl--J :fftp+of . B 8;l(HS<58TH'IleCKOM npH6JIHlileHHH npH HH3KHX H 

cpeAHHX aHeprHHX (Ok[ ~ 400 MaB). 

6. fiOJiyqeHa OJ:4eHRa .llpl!M6.lmMOCTH lW!a6aTH'l6CROI'O .!Ipli6Jmxte.lmJl 
Will paccemmJI g; He3 ·npH ImBIGJX H cpe,wmx aliepl'liHX. 

Anpo6aqaH pa6oTu. PeaynoTBThl, nonyqeaaue B ~uccepT8UHH, ~oKna.n;u
Banacb H o6cy:E~8JIHCo Ha ceuHH8pax liT~ Ollilill, Ka~e~pu TeopeTuqecKott ~u-
3UKH TrY, HS BCeCOID3HhiX COBe~8HHHX no TeOpHH CUCTeM 'QSCTHU C CHlloHhiM 
B3BHMO;l(6HCTBHeu (K8JIRHHH, 19~5 r., HunoHroc, !977 r., TawKeHT, l979r.l 
Mellt;l(yH8pO;l(HOM C~MnOaHyMe no npo6neM8M HeCKOlloKHX Tell B H~epHOH ~HSH
Re (,lzy6Ha, !979 r. ) li 6wm npe,n;CTaBJieHll Ha YIII MelK,eyHapo~ott ROH
I!Jepean;m no CHCTeMaM aeCROJII.RllX TeJI H smepai-JM CHJlBM (~, !978 r.). 

ITy0nHK8UHH.Ilo peaynDT8T8M ~uccepTSUHH ony6nuKoBaHo nHTb pa6oT • 

06~eM pa60TH. ~HCCepT8UHH COCTOHT H3_BBe;l(eHHfl 1 Tpex rnaB, 38KlliD
'tleHHfl u Tpex npanoJKeaan, co~ep:EHT IOI CTpaaauy M8WHHonucHoro TeKcTa, 
II pucyHKOB H II T80JIH~. EH6JIRorpa~H'QeCKHH CnHCOK BKJIIOtraeT 8! · 
HaliM6HO:aami6• 

CO)lEP~AHHE PAEOT~ 

Bo BBe.geHHU COAepJKHTCH KpBTKOe o6cy:E;l(eHHe COBpeueHHOrO COCTOH
HUH npOOJieM OUHCBHHH MBJIOHYKJIOHHhiX CHCTeM H B38HMO;l(eHCTBHH ~ -MeSO
HOB C H;l(p8MH npu HH3KUX H cpe~HHX SHepr.HflX 1 KOTOpUM nOCBH~86TCR H8-
CTOHI!i8H ;l(HCCepT8UHH. P8CCMOTpeH8 00Jll8fl CTPYKTYP8 ftHCcepT8UHH. 

fiepB8H rll8B8 flOCBRUleHa qJOpMyJIHpOBKe MeTO;l(8 KOHeQHOMepHhiX'8nnpoK
CRM8UHH H ero npHMeHeHJ.:IID ~llH peweHHH 38;l(8q HB CBfl38HHUe COCTORHHH. 

B § I uanararoTCH ocHOBHhle nonoEeHHR MeTOAB EeuTMaHa, paccu8TpH
BBDTCH .l:l03MOlKHOCTH ero 0600!1\BHH.Il B IlpOCTp8HCTBe HeCKOlloKHX nepeMeH-
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HUX. ilOKaaaHo, ~TO M6TO~ KOH6~HOM6pHO~ annpOKCHWaQZH MHOroqaCTZqHO
ro llOT6HQHana MOlitHO paCCMaTpHB8TI> KBK np.iiMOti MHOrOMepHI.Iti ananor M6-
TO~a Ee~Tuaua. 

B § 2 o6cYJit~allrca neKOTopue npe~ylllecna nepeQ}opuynHpOBKH J( -
~aCTH~~Horo ypaBHeHza llipe~HHrepa B BH~e HHTerpani>nux ypaBneHH~ BTopo
ro po~a C KOMnaKTHUM H~pou. TaKa.a Q}opwynHpOBKB rapaHTHpyeT CyiJleCTBO
BBHHe H e~HHCTB6HHOCTI> pemeHZ.fi H BMeCT6 C T6M npe~OCTBBnH6T CnOC06U 
~na nonyqenH.a npaKTHqecKHX pemeHH~, qro ocHoBano na Teopeue o paBHO
uepnoti annpoKCHManKH KOMnaKTHoro oneparopa onepaTopou KOHeqsoro pan
ra. 

Ha CaMOM ~ene ~aCTO npHXO~TCH pemaTb ypBBH6HHH 1 H~pa KOTOpUX 
He HBn.fillTCH KOMUaKTHUMH. ~Jl.fi TaKHX ~ep HeBOBMOXHO llOCTpOHTI> annpoK
CHWanHD KOHeqnoro panra, CXO~HillYDC.fi no npOHBBOJlbHOH onepaTOpHOti HOp
M6 K TOqHOMY H~py. O~HaKO Tpe6oBaHH6 CXO~HMOCTH annpOKCHMHPOBaHHOrO 
.a~pa K Toqnouy no npoHaBOnbHOH oneparopnoH nopwe HBnaeTca cnHmKOM 
CHJlbHUW. Cyll!6CTB8HHO BBEHUM 06CTO.iiT6JlbCTBOM HBJl.fi6TCH TOT QtBKT, qTO 
.a~po ypaBH6HHH BXO~HT B ypaBHeHHe He cawo no ce6e, a KaK oneparop, 
,li6~CTBYIOillHH Ha pem6HH6. iloa~ouy 3S,llaqa 38KJ1101186TC.fi B TOM, IIT061:l Hait
TH onepaTop Koneqnoro panra, Koroputt oy,lleT xopome~ annpoKCHManKel 

. ,liJl.fi H,llpa B CMI:lCJle ,li6~CTBH.fi Ha pemeHH6 • B CBH3H C 3THW B ){SHHOM' napa
.rpaQ}e npe,llnaraeTca M6TO.zt annpoKcHuanHH onepaTopoB, .zteticTBYJOII{Hx B 
npocTpancTBe Q!YHKQHH necKoni>KHX nepewennux, onepaTopauH KOHe'I:!Horo 
panra. 

llpH paCCMOTp6HHH CHCTell H6CK01IbKHX CBH3aHHNX qaCTHQ BOnHOBB.fi 
~YHKnHa nBn.aeTca KBBAPSTHIIHO-HHTerpHpyeuoti WYHK~Heti. STo o6cTo.aTeni>~ 
CTBO ,li86T BOBMOlitHOCTb npHM6HHTb M6TO.l{ KOHeqnowepHOH annpOKCHMB~H K 
onepaTopy nonHero B3aHMO.l{6HCTBH.fi v = "f-Yi. . Cyll{eCTByeT l!HOI'O paa
HNX BOBJ.IOEHOCT6H KOHB'qHOM6pHOif annpOKCHYBnKH UOTe·H~Hana, B .l{HCCep-
Ta~HH HCllOJlb30BanHCb .l{B6 ·. H3 HHX: 

v--+ v(l()=·t_ vlxi~d-'Jii <!1}1v , 
t.J=I v 

v- \jEi';:t Vl1t>(d-')r<!1JI 
i.j=l t 

CHIIMeTpHIIHali 

HeCID.IM6TpHqHall 

Jiv£1dVl1J>; 
, J.vlxd XJ>. 

B § 3 np6.1{110lit6HHUti K6TOA npHM6H.fi6TC.fi .l{nH pemeHHH aa.ztaqH Ha CBH
aaHH06 cocTOHHHe Tpex Ten, npH aTOM aa.ztaqa cpaay anre6paHayeTca. ~e
MOHCTpHpyeTca 6UCTpa.a CXO.l{HWOCTb Bl:l~HCR6HHUX B nocne.l{OBaTellbHI:lX npH-
621Hllt6HH.iiX 3HeprHi1 CBli3H K 3HaqeHHD, no;nyqeHHOliY np11 noMOilU'l .l{OBOllbHO 

1· 

TOIIHoi1 .ztB1XCTopoHHei1 o~eHKH. BonnoBaa Q!YHK~H.a CB.aaannoro cocTOHHHH 
nonyqaerca B BH.zte pa~a no waTpHqHHY anewenTau noTeH~Hana, T.e. no 
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MHoroMepnuw WYHK~HHw, ytmTNBaiOII!HM ~HBMHKY BaBHWOAeilcTBHll,H o6na~a
eT npaBHJibHJ:lll aCHMfiTOTIIqecK~I& fiOB6.1{6HH6M. 
. ' . (;';' . 

BTopaa rnaBa nocBall{aeTca.ynpyroMy pacceHHHD ~/-ueaonoB Ha a~pe 
He3(H3) npH nonuoti SHeprHH. CHCT6MU E ~0. 

B § I co~eplitHTCH BUBO~ npH6nHJKeHHNX qerupexqacTHilHI:lx ypaBHeHHti 
~Jlli ynpyroro pacceHHHli JT- !4630H8 Ha CBHBSHHOH Tp6XIIYKJ10HHOH CHCTCIIe, 
OCHOBSHHUH HB npHMeHeHHH M6TO,li8'KOH61lHOMepHOH annpOKCHMSnHH K I'BIIHllb
TOHHBHY CBli38HHOH no~CHCTeMI:l. ilpH YK838HHUX 3H8116HHHX 3HeprHH (.ItO no
para paaBana) BQnHOBaa Q}yaKnHa paccuarpKBaewoti CHCTBMN HBnHeTca KBBA
paTHilHO•HHTerpHpyeuoa no KOOp.ztHHaTSM HYJCJIOHOB. 8TO 06CTOHTeJlbCT.tlO no-

. . I . 
aBonaer annpoKCHKKPOBSTI> qacTb nonuoro raMHni>TOHHaaa Ha,.aaBHCHil{Yil. 
TOJlbKO OT li.l{6pHUXUepeMeHHNX 1 onep8TOpOM KOHeqnoro paura! 

. Ht~ H~'= ±!~L) dt~<'X-\. ;· . . .. · ' 
. i.,,t=l t j .. . . 

iloc.ne.l{Hlili aanHCb npe,liCTSBJllieT C060l.t f83JlHIIHble B8pH8HTfll 38MeHI:l onepa
TOpa Ho Ha onep8TOp KOHeqnoro paHra He(,jj') B aaBHCHMOCTH OT TOro; KaK 
onpe.zteneHU MaTpHnioi q~ . H BeKTOpl:l COCTOHHHi! ~~t> • Bl:l6Hpaa B Ka-
116CTB6 JX1> . BonaoByll \llYHKnHIO ocnoBHoro cocToaH!H cBaaanilott Tpex
qacTH~~Hoi! .no.ztCHCTeuw H orpaHHIIHBa.acb B paanoxeHHH He("') O.IUWM 't£11eHOM, 
nonyqaew npH6JIHlltenaoe qeTupenacTH~~Hoe yp~BHeHHe .ztna 'Jl -waTPHWM . · . 

":~)~~~\~> =<R \fo(e)jrJ> -\E.\~~~l'f0(E)\Kf.> G-o(K~E)~~u, E +l€1)~f~Jj(E)J~ >oil'•, 

1'.1{6 { ~ \<f 0 (E) l ¥1 liBJllieTCli ycpe.ztHeHHI:lll no OCHOBHOIIY' COCTOHH~il 
CBH3aHHOH UO.l{CHCTeMN peweHH611 CJ16,liYDIItero ypaBH6HH.fi:. 

1. i<lroc~,'ti~.'3l\ it>= <~\V(iit·:c3)\ il)-I<~\V(ifitti)lr'Go(Y:'~E )<f'\fl(E,~:,.r;)!w~. 
llpH no;nyqeHHH 3THX ypaBH6HH1! HC. HCnOJlb3Y6TCll HMfiY1IbCH06 ripH6JlHXeHHe, 
KPBTHOCTI>. nepepacceaHHI.t nHoaoB na Hyuimax JtWTUBaeTca no Bcex nopa.zt
Kax. E~HHCTBenuoe npH6imllteHHe cocroHT B ror.t, qTo B cneKrpani>HOM paa
noxeHHH H.ztepHoro rBKHJlbTOHH~H8 OCTBBJllieM TOJlbKO BKna.zt OT OCHOBHOrO 
COCTOHHHli ~-MHmeHH. 

B § 2 npH6nHEennoe qeTupexqacTHIIHOe ypaBHeHHe, nonyqeanoe 11 .§I, 
npHMeHH6TCli A~ Bl:lllHCJleHHli .l{JlHHI:l H Q}aal:l ynpyroro pacceHHHli ~-Ke-
30HOB aa H.ztpe He3 (H3) B 06J18CTH OTpHnaTeni>HOi! llOJlHOi! aaeprHH CHCTe
Ml:l. ~83l:l pacceHHHli B COCTOHHHHX C nOJlHUK H30CnHHOM CHCTeKW T;I/2 K 
T;3/2 KalleCTBeHHO ll6.ztYT ce6.a TBK xe, KaK COOTB6TCTBYDII!H8 \{JBSI:l fiHOH-

-n.. 3 ayKnoanoro pacceaaHH.-~na ~JIHHbl ~:ne -paccaHHZn nonyqaeTc& aaa~e-
HHe a -1-H 3 ~ -Q 1 2I (t!M1 tzTO H8XOAHTCH B XOp01118K cornaCHH C 3KCnepH-

~ e M- 3 
MeHTBllbHI:lll aaaqeHHell a~tHe3 .~ -o,226 'GlM. B cny~ae vi He -paccea-
HHH npOHCXO.l{HT CH1II>H06 COKpa~eHHe 9r -ll.ztepaux aKnRHTY~ B COCTOllHH.iiX 
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c onpe~eneHHHM aaaqeauew uaocnuaa (T=l/2, T=3/2), xoTH caMH 5TH aMn
nHTY~~ cy~6CTB6HHO OT11HIJH~ OT HynH. B CBHSH C 5THM B61IHIJHHB ynpyrott 
qaCTH ~nHHU ~-He3-paCC6HHHH OKBSBnBCb OIJ6Hb qyBCTBHTenbHOH KBK K 
HSM6H6HHHK napaMeTpOB JjJ{-BSBHM0~6HCTBHH, TBK H K npHCl11H&6HHD, KO
TOpOe ucnonbsyeTCH npu .a~qucneauu ~it ITo (f;) If'> . B TO lite 
Bp6Wl BKDnHTY~ Jl He3(H3)•p8CC6HHHH J3 COCTOHHHHX C onpe~eneHHUM . 
SHB'l6HH614 HSOCnHHB CHCT6KU (T=I/2, T=3/2) cnado 3BBHCHT OT 3THX H3M6-
H6HH~. EHna OClHapyxeHB cnadaa 38BHCHMOCTb ~nHH H ~as p8CC6HHHH OT 
cTpyKTYP~ H~pa .B paccMaTpuBaewon o6nacTH aaepruu. 

B TpeTbett rnaBe uayqaeTca ynpyroe 2r He3-pacceaaue npu auaKHX u 
cpe~HX SHeprHHX {0 .61;: ~ '400 M5B) O~HOBpeMeHHO C ~BYXllBCT.HtJHUM pas
B81IOK !if -t tfl- Jt +p+d. H8 OCHOB6 npHCl11Hllt6HHUX ll6T~p6Xll8CTHIJHUX 
ypaBH6HHM 1 nonyiJeHHUX BO BTOpOli rnaBe. 

CTporo roBopa, npH 5Hepruax Buwe nopora 'pasBana neT ocaoBaaun 
orpaauqa.aanca o~HHM qneaou B pasnollteaua a~epaoro raMHnbTOHHBHa He. 
O~HBKO, ·acnu cperoiaa ·5aeprua fio sdyllt~eHHH a~epaoil cucTeMu SHS'lHTenb
ao·MeHbwe 'OClpBTHOrO BP6M6HII nponeTB nHOHB qepes H~po, MOlltHO CllHTBTb 1 

IJTO npouecc npOUCXO~HT qepes OCHOBH06 COCTOHHH6 ~pa. C ~pyroli CTO
pOHU;' npu 5HeprHHX CHCT6MU 1 ClOnbWHX no Cp8BH6HHJO C 51!6prHeil CBH3H 
H~pa, HHTerpanbHUtt qneH ypBBH6HHH ~nH T-MBTpHUU B cuny CBoett CTPYK
Typu OKB3UB86TCH M81IUM 1 T.e. nonyqaeu YKB3BHH6 HB pasyMHOCTb npu6nu
lit6HHH r ~'Po • 

B § I BN'lHCnHDTCH ynpyrue ~ He3- ceqeaua u cetteHHH paaBI:ma 
J/+ H~ ... Jftp+d_ a a ocaoBe ayneBoro npH6nHllt6HHH ~na T' ..:MBTPHUU 

~ K" lro (E. l(j~, ~) J K' > · • ~HauttecKue aMnnuTy~u onpe~enHIOTCH ycpe ~aeau-
.eu no BOnHOBoli q,yHKUHH He3 ~na ynpyroro pacceauua n BN'lHcneaHeM uaT
PH'lHoro 5n6M6HTB T0 no BOHHOB_UY WYHKUHHY He3 H CHCT6MU pd B cny
IJ86 aeynpyroro pacceaaua. llucneaaue pacqeTu npoBo~unuc:b npu ::lHeprlrnx 
aaneTBDII{ero nuoua E:x = 20,68,100,200,260,300,400 M51s. Ynpyrue MqJ
q,epeauuanbaue C61J6HHH KBIJ6CTB6HHO BOCnpOUSBO~HT XO~ 3KCnepHM6HTBnb
HUX KpHBUX. K cozaneHHI01 SKCnepHM6HT81IbHU6 ~BHHUe no p83Bany OTCyT
CTBYDT. liTo KacaeTcH nonaux ceqeauli, npu 5Hepruu ~ = 20 MaB aeyn~ 
pyroe nonaoe.ceqeaue npuyepao B ~Ba paaa YeHbwe noJIHoro ynpyroro ce
qeaua, npu Em- = 68,100 M5B 5TH ceqeaua npHMepao paBau, npH donbmHx 
anepruax aeynpyroe ceqeaHe aecKonbKo npeBuwaeT ynpyroe. 1 . 

· · OueaKa ceqeaHli ~ByxqaCTHIJHoro pasBana :JJ'+Hl-<f+p+or.., nosBo
naeT onpe~enHTb BenH'lHHY BKna~a ClHHBpHOH IJBCTH HenpepHBHOrO cneKTpa 
TpeicayKliOHHOrO raMHllDTOHHSHB B ynpyroe pacCeHHH6 ffi'""He3 no cpBBHeHHD 
C :JiKnB~OM OT OC.HOBHOrO COCTOHHHH He3• . 

B § 2 npoBo~unacb oueaia npuMeHm.tOCTH a~Ha6aTuiJecKoro npu6nullte
nua. c 3TO.i1 ueniD BliO~HliCH napaueTp a~HBClBTHIJHOCTH rr = E-/; t r~e 
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t - Bpewa nponeTa nuoaa qepes a~epayD cucTewy, £ - cpe~uaa 5Hep
rHH BOSOYEA6HHH H~epuoil CllCT6MU 1 onpe~enH6Y8fl BUp8llt6HHeM 

~ =J ~p-(E!{l-Ed)]~~.(p)~ ~ 
s~~-cr)clr 

p - HMnynbC OTHOCl1 Te JibHOrO ~Bll~6HHH peL -CliCTeMU. Bo BCell pac- > 

CMSTpUBSeMOH oc5naCTH auepr11H napaYeTp lf;' OKSSBJICll" ~OCT8TOllHO wam~M 
(rv 01 25), IJTO flBJIHeTCH YKB38HH6M HB npHM6HHMOCTb B~l1808TUqecKOrO 
npuonHlK6HHH. 

B 3BKnDIJ6HHII npHB6A6HU OCHOBHU6 peaynbTBTU 1 nonyqeuuue B AHC
cepT8~HI1. 

B npHnoJKeauu i npe.n;cTB.BJieHu • cBe~eHHH us TeopHu nuaeiiaux one
paTopoB, HeOClXOAHMUe AnH Hano~eHHH MBTepHBJIB AHCC6pTBUHHo 

B npHno~eHHH n npHBOAHTCH nuou-nyKnouuue noTeH~Hanu, ucno~baye
uue B pacqeTax. 

B npHnOllt6HHH ill TIHOH-HA6PHU.i1 TIOT6HUHBn np06KTUpyeTCH HB COCTOH
HHH CHCT6MU C ABHHUY nonHHM H30CTillHOM. 

OCHOBHbtE PH3YJJ1'rATbt, llOJIYlJEHHbtE B .Zli1CCEPTAU~U1 

I. Ha ocnoBe Ynorouepaux odoo~eaun cenapadenbHUX npeACTBBJieaun 
A11ll napHOrO B38HMO~e.i1CTBHH npe~~Ollt6H M6TO~ KOHeiJHOMepHOH annpOKCHMB
~HH MHOrOIJBCTHllHUX onepBTOpOB. . . 

. 2. llpH paCCYOTp6HHH CBH38HHUX COCTOHHHH HeCKO~bKHX Ten 5TOT Y6-
TOA UpHY6HHnCH K onepBTOpBM nOJIHOrO B38HM0~6HCTBHHi TBKl1Y 0Clp830Y 
p6W8118Cb aa.n;aqa Tp6X Ten. ~eMOHCTpHpOB8118Cb ClUCTpBH CXO~HMOCTb npe.n;-
110llt6HHO.ii npo~eAypu. 

3. Ha OCHOB6 npHClJIHJ!t6HHUX qeTupexqBCTHllHUX ypaBH6HH.ii, nonyqeH-
HUX npHY6H6H116M YeTOAB KOHeiJHOM6pHO.i1 annpOKCHM8~lflf K rSMHJibTOHHBHY 

· cBaaaaaoi1 no~cucTeuu, pacciJHTUBanHc:& ~JIHHH u \{laau ynpyroro Ji He3(H3)
pacceaHHH npH nonaon OTpuuaTe~baon 5Heprnz. llonyqeaaue peayJibTBTH ~~a 
.n;nun ~±He3-pacceaHRH xopowo cornacy~TCH c 5KcnepuueHTanbuuwu peaynb
TaTaYH, KOTOpue H3Bn6KBDTCH H3 C~HrOB H WHpHH ypOBH6H COOTBeTCTBYD
IltwC g;- ~eaoaTOMOBo 

' 4. Ha OCHOBe YK83BHHUX IJ6TUp6X'lBCTHIJHUX ypBBH6HHit C ~011011HHT6~b
HUM ycnOJ3HeM OCl B~U808TH'l6CKOM XBpBKTepe ABHllt6HHH JYKJIOHOB B H~pe 
npOBO~HJIHCb COBM6CTHU6 HCCne~OBBHHH ynpyroro a( He H ~BYXllBCTHIJHOrO 
paaBana . JT+ H~~ Xtp+d npu 5HepruHx aaneTall~ero nuoaa 
o~ E ~ 400 Ai5B. BBOAHn~a napaYeTp a.n;uac5BTHIJHOCTH ~ o~enu.aanacb .aoa
YOXHOCTb npHM6H6HHH B~H8Cl8THIJ6CKOrO npHOJIH~eHHH npH HH3KHX H cpe~HHX 
aaepruax. 
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