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I. BneneHHe 

flBnBHHB KnaCOH~BCKOrO ~8T8pMHHHpOBaHHOrO Xaoca, CBH3aHH08 0 ~0-

KBJloHO~ HeycTO~'IHBOOTo!O TpaeKTOp~ B Henpep~BIIOM ~30BOM npOCTpe.HCT
DB H npOJIBJlJIIWI8801! B 8KOll01!8fi!11!BJloHOM pasdere.HHH ~30BIDC TpaeKTOpHft, 
~nH3KHX B Ha'IBJioHHft MOM8HT DpeMeHH, OdHapyMeHO B pa3nHqJIIDC AHHaMH
'18CKHX CHCT8M!fX: aTOM BO.II,Opo,n;a B Ma.rHHTHOM IJOJI8 1 9JIBKTpOMB.rHHTHli9 BOJI

HH D nna3MB H T.~., a TaKmB MO.II,B~ Ti¥8 6~Hap.n,a, ~YX CBR38HHliX 

DCIJ;HJIJIHTOPOB H poTaTOpOB C "ToJJqKSMH" -4/. 
B HBCTORmBft pa60T8 H3yqaeTC~ ~03MO~OCTb B03HHKHOBBHHH xaoca B 

onuo~ H3 npocTettwllx Mo;nenett HnPaf5/ - nuettHott 3oe.-ueno'l!<e, •cnon•sy
eMoR ;nM OI!HCe.HIIJI CIIBI<Tpa JI)lpa yrJiepo;na, JI!Sy'leHHe MaCCJI'IOCKOtt AHHa
MHKB TB.KOft CHCTBMH 06HapyliU'IB8BT C pOCTOM auepnm ,IJ;OBOJI:bHO pe.aKHft IIB

pexo,t:t OT pery.IH!JlHOrO ,Il;BillKBHM K xaOTHttBCROMY rrpH ,D;OCTSTO-tiHO 06IUIDC 

npe.ruroJI01KBHHJI.X o xapaxrepe oC.- o( saaHMo.n;ettcrniDI. BhlTIOJIHBHHUtt B Hacro-

J!Wett pa6ore e.HBJIHS CTPYI<TYP~ MaccH'IeCKoro ~so•oro npocTpe.HcTna nM 

peB.JIHCTH.t{BCKOra o(.- .t. B39.HMO.I(9ftCTBM II03BOJIR8T C.ti;BJJST:& BaJICH.biB BYBO.IUi 

o craTHCTH'QeCKHX csottcr:aax ::mepreTHtJ~cKoro cneKTpa H aOJIHOBhiX WYH.KWII 
COOTBBTCTB~e~ KB8HTOBOit CHCT8Mhlo 

0CHOBHhl8 peay~TaThl pa60Tli CR8~H8o 

Ha KJiaCCHtJecKoM ypaBne aH8.1IHTHtieCKH H tJHCJiemm HCCJie,nonaHa JIHHe~

HflR UBIIO'!JKa H3 TpeX d.. -tJaCTJ-Il~ C pea.JJHOTH'!JBCKHM B3aHMO,ItBtiCTBHBM. ,IT.1m 

TaKOit CHCT8Mhl C npOH3BOJI:&UUM napHHM B3a.HMO,It8itOTBHeM Hffit;neHht yOJIOBMR 1 

ItpH KOTOphiX 88 ra.MHJihTOHHai-1 HMBBT C .iV- CHMMBTpHIO .. 

qHOJI8HHhl8 p8.0t{8T11 1 IIpOB8,l(8HHhl8 )J.JlR 3,.( -OHCTSMH C H3BBCTHWvm CH

JI.aMII A.Jm-Eo;nMepa, odHapyli<IIJlll xaoTM'IeCK~ pelK!!M )11JJ~MeHIIJI, IlpH aTOM 
RpHTHtieOKBR aHeprHR nepexo~ R xaooy xopowo corJiacyeTCR c TeopeTHtie

cKHM npe;nCKa3e.HHeM 1!0 KpHTOpHRl OTpmiaTenoHOtt rayCCOBO~ KpHDJI3Im. 
06Hapy~eHO, 'ITO nepeXO)l K xaocy B ~-CHCTOM9 npOHCXOAHT C poe

TOM 8HeprHH 6h!C~pee, '!JSM B MO.It9JI:&HhiX 3a,ItatJax 0 IIOJIMHOMHaJILHUMH IIO

T8HUHB.JI8MH. 0TJm:qHT8JI:&HM qepTa 3o( -OHOT8Mbl 1 CBR3aHHBR, IIO-BHJ:UIMOMY, 

C HapyrnBHHeM C:3~cHMMeTpHH, COCTOHT B TOM, qTQ B H860JibWOa 06JiaCTH 

~soBoro npocTpaHCTBa perynBpHHft xapaKTep ;nBJ~MeHIIJI coxpaHJieTCJI npH 
aHeprruu EhiUIB aHeprHH )U{ccorut9.l..tMH 3 o( -rmoTeMl:l .. 

CTeneHHCe npH6JIHMeHHe 4-ro nopR:nKa, xoporuo annpoKcHMI!pyonee no
nepXHOCTb DoTeH~an>HOR BHeprllll 3.C.-CHCTeMH ~0 BHepriiR, COOTBeTCTBY
IlliHX JIHHHH HYJieBo-~ 'rayccoeott KpiiBHs~, nosnoJIIIJ!a TIOJIY'IIITo HOPMBJIOHYIO 
<jiopMy EHpKro<j)a 11, npoKBaiJTonaB ee, naT> I!BH~e B~B.l!<eHIIJI nM KBa31'l
MacowiooKoro cneKTpa 3oC -mmTeMH. 
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~yiurn;rur raMHJThTOHHa.Ha .rurne:R'Ho:tt u;erro-q~m H3 Tpex -qacTHil So<.-cncTe

Ma (eM. pnc.I) npencTaarreaa B BHHe 

(£.:(,2,3), (I) 

7./(x,,x.,x:a)= V(x:,-:x:2 )+ V(:x:z-~3)+ V(.::x::3 -x-t),C2) 

r,IJ;e "X:. c. , Px·- KB.HOHH-qec~m-corrpmtteHHHe Roop.n:mraTH H HMJJY.TThCH t -:a 
oe -qacT~: V(:c)- noTeH~arrbHBR 1lf~ BSaHMOHe~cTBRH HB]X~ -qac

TIDU , PaBHOB8CHaff ROH~arypaqag 3.(-CHCT8MO OITp8HaiTH9TCH MHHHMY-

MOM IIOT8Hu;RanDHO:tt @yHKnHH (2), B -qacTHOCTH, paBHOB8CH08 3Ha~eHH8 

HaxO,nHTC.R: 1!3 yCJIOBIDI 

V'(-: l) + V1(zl) = o. (3) 

lllTpHXH osaa'laJOT HK\Pl!epea=oBaHHe 1lfHKI1llll V (x) no nepeMeHHOJI ::x: 
3aM8THM, 'ITO 9CJ!ll npeHe6pe'l:& 'IJI8HOMV(:x:1-X3)B B"!'aJlt9HHH (2), KOTOpbil! 

)J.JIH 60JThillmrcTBa WH3-fi8CRHX CHCT8M MaJI, TO· paBHOB8CH08 3HaqeHH8 t 
OITp9H9JIH9TCH YCJIOBH9M y I(- e.) .. 0 • 

PaCCMOTpKM H8KOTOpH8 o6mHe CB6~CTBa CT9II8HHOrO IIpH6~m6HK.R: ~ 

noTel!I(llaiTOH~ WYHKI1llll 3ol.-cncTeMa, MIIHJ<MarrbHHM o6pasoM Y'!HTWl8DII!ero 

H8JIRH8ftHHe ~8KTH. I!yCTD U i. .:.. OTKJIOHSHH.R: KruK,llOit Ha o( -qacTHIJ; OT 

IIO~O~HRij p8BHOB8CRH 

(4) 

npH'!eM u~ .. u~ + u, - Q • Pa3JIOJI<eHH8 B PHH Tel!Jropa 1<8.ll!HOro 'IJI9-

Ha TIOT9H~arrbHOI\ 3Heprlll! (2) B J<Y61l'18CROM ITpH6Jli!JK8HHII C yqeTOM 

COOTHOlli9HI!lt (3) ITpHBO,l1liT It CJI8lJ.Y00,9MY B"!'a!!t9HI!IO: 

If '1 2J 
V(v,,u,,u,) = 2 VC-t.) .. V(ze)+ ~ v(-e)[(u,-u,)+C'~~.-u3) + 

V.f'h: 2 ·¥t ~ !') () 

+ /2. V,2e)('u,.-u.) +~ v'(.e)[(urUz)+(Uz-U,) ]+ 5 

.. ~ V 111(2e) (u.,- u~ )"". 

1 2 X 

PHc.r. Koop,l1liHaTH Jll'!HeJinoll 3 ~ -cncTeMa, 
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KaK o6~HO, nepeXOllHM K HOBHM nepeMSHHHM 9,·, B KOTOPHX RHHSTH~e

CKaff H ITOT8HIJ;Ha.JI!,HM ~aCTH ra.NJR.7II,TOHHaHa (5) ,n;narOHa.JThHl:l B KBa,IJJ>aTlfT!

HOM rrpH6~eHHH. Torna TIOTB~a.JThHaH ~HKURH B HOBHX TI8p8MBHHHX 

r)(e 

w/= .=.v'(:.e), 
~ ytll(-e) 

2¥£ 
, 

w;= v'(-t)+ z v'(u), 
(:3. = V'11(-e)_ 4 vk'(.ee) 
J ~~ 

I. ECJIJI PaBHOBOCHOe 3Ha'<eHHe i. - a . TO rBMIIJThTOHHaH (I) Jllllia
PIIaHTeH OTHOCI!TeJII.HO rrpeo6pa30BaH!!l!, COCTaB.liJml4i!X rpynny C ~,/6/ • 
ITpH aTOM ero cTeneHHoe pa3~~eHHe BHpaEaSTCH ~epe3 ~e WYHKnRH: 

(lj.2 + 'l~ ) H ( fl~z.- % if~) • Tor)(a B JtYOI!qecROM I!pHOJIHJKeHHH 

rBMIIJThTO~ (!) CBO)(IITCH K xoporno I!SBeCTHaMY rBMIIJThTOHI!aHy XeHaHa

-Xel!Jieca171. BTo 06CTOHTOJII.CTBO liO)(TBepll\l(aeTCH WoPMYJIOI! (7), IIOJIY

li8HHOI rtpRMllM paSJIOJKBHR8M B psm Te!Jropa, B KOTOpOM H8Jl0 ITOJIOJ!HTJ, l=O. 
2. ECJIJI liOT6l!ITII!lJl1,HaH ~ (2) l!MeeT MIIIII!MYM I!pH e = 0 • KaK 

MH 3~ -CHCT8Ml:l C ,nByXt~aCTH'q}{HM BSB.HMO,IJ;8itCTBH8M MOJI8Icy'JIRpHOro THIIa, 

TO H8o6XO,IUIM: 60Jiee TlllaTBJThHHft a.HB..JIH3. 

a) AJm OOJII.Uli!HCTBa \PJ!3H'l6CKIIX CIICT6M BKJ!a)(OM qJIOHa V (oca-:X:<) 
B Bblj)a.JKOHHII (I ) MOl!U!O rrpeHeOpeTh, li08TOMY B JtYOH'leCROM I!pi!OJ!HJKOHHII 

HM88M 

1 r( v" 2 2 ) 3 v''1 
2. j_ ~ 

u ,4. h) = 2 ( 3 "'' + ~ 2 +- ;a fZ ( ~ 4 12. + .9 q 2 ) • (8) 

IIpoHSBO.IJ.HHB B 8TOM COOTHOliiBH.IDI H H::wKe Bl:NHCJIJJIOTCH B TO't1K8 "X: 1111 - f. • 
ITaBepXHOCTb llOTSHUH&nbHO~ 8HeprHH, ODHCHBaeMaH 8TOft WJHKUHeft (eM~ 

pzc.2a), l!MeeT li8Tl:lP8 OC06l:le TOliKR: MRHHMYM B f/-.f: fg_ s-O , MBKCHM;YM 

B 9~=0. 12=-:J,VZ v"/v"' ";IOla ce"""' B '!~=±V2/~ K • vr-v¥1, r .. = n v'; vdl. 
B xa~eCTBe e~~ BpeMeHH ?: , ecTeCTBeHHo, BH6MpaeM nep:ao.rr; 

I!p6)(6JII.HHX ROV60aJ!Hil
1 

OCI11lJlJ!llTOpa B6JII!31! MIIHHMYMa IIOTO!IITII!lJl1,HOI! cpyHK

Ullll (2): r. = m/ v• ; 1\}lJ! e)(III!I!II .llJIIIHli L. " 8HeprHII £. IICIIOJII.3yeM 

CJie.IJYXIItHe BBJllftJJnru: 
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PHc,2. KOHTypH ITOBSpXHOCTH ITOTSHUHanhHOfi 9Heprml (14) B K,V6JiqeCKOM 

(a), qeTBepTOM (6) rrp1!6JIJ!lKeHIDIX II TaqHoll ()off ) (B) , Bll'il!C

JISHR!IS C o<-o<-ITOTSHI1llaJ!OM A.nn-Eo,!IJ\1epa (13) B nepeMSH!ruX "";:f• 
KoHTypH TOft JKe TQqgQj\ IliiS (14), HO B ITSpSMSHR!IX 

ri r "''- ""~ = L. ( 'fo/Z :x: + 'fl2_ y ) , 
r~ = ::.:,_ _ =, = L • (: '{%_ "" + ~ y ) 

(pi!C,2r), illTpRXOBaff JIIIHKH COOTBSTCTByeT JiliHRII ffYJISBOfi raycco

BOJI Kpi!Bli3HII IliiS (I4 ) • 
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L - ,f2 I vi' / v# 3 • - y :3 V"' ' E. - .2 -- (9 l 3 vw.e 
B deapaaMepHID< nepeMeHHID< ;x: a if I I L. 0 ' .Y = ~2 I L. 0 raMWI:bTOHI!aH 
TpeXtiaCTM:qHQj:i .mmetiHO:A" :0:8IIO'tlKJ1 CBO.,IUiTCJI K "yHXB8pCaJThHOMY 11 BupwKemno 

H=~tf;_+f'])+?J, V= ~(3X2+Y2 )+ sn(,z.)'+~Y~). 
111 ~ (IO) 

r.ne s, = 5ij h [ Y (-e)] , T.e. He aaBHCI'!T OT WIIKI1l!OHBJII.Horo 
B~a ~yxqaCTHqHOro TIOTeHUHana. 

6) EC>M K,rdnqecKoe npnd~HI!e B IIHTepecyrome~ Hac odillacl11 3Hep
rn~ aanaeTca ~oxoA annpoKc~eA IICXO.llHoro noTe~ (2)* , cne.ny
eT nepe~TH K rrpH6~HERM 6anee BHCOKOrO IIOp~ TO~OCTH: 

·vc-x.JJ = ~~ (&x2+..J~) + 1{3 (x?y + 15 '.:1; )+ 75'~ (9,:.+1&~:/+:})+ 
/

2 Z 7Z 

\~;~ (4 5x.'y +3ox.•_·Af)+ 6~~0(21:::t:'Ho5x.y~4 s:i.}~~'~ 
r.ne v': vc!?; 

. V"'.e ' 
HarroMHHM, ~To KaHDHaqecxoe rrpeo6paaoBaHxe (6) K RK06HeBHM rrepe

MBHHHM 7i reHepHpyeTC.fl ITpOH3B0~8~ ~ett BToporo THrra: 

r;_ =1zcx1-:x:_.)" + ~(x,+X:>, .,.._)b..+ ::x:,+x,+x_.h z n .3 z -~ r• {8 npz J 

1< = ~F.z 
<(} f'i 

3. ~8HOM9HnHOrH~8CRH8 B3aHMOABacTBHH 

a) IToTeH!11<aJI Jurn-Eo.nMepa 

Hn:~re IUJRBe.D;8HH pe8y.111)TaTbl tiHCJI8HHHX pactteTOB ,nJlH d. -o( B3ruiMO
.Jlel!CTBI!ff/B/ 

*) TaK, Hanpi!Mep, K,rdnqecKoe npHMIDKeHHe .llM noTeH!1l<aJia (I4) 
Ce~, KOTOpHX H8T B HCXO~OM TIOTS~Hane (eM. pHc.2a-2B). 

6 
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(I3) 
II]JH 3Ha'!eHJ<I!X A=500 MsB, B~I30 MsB, a, =0,49 cpr[2, a

2 
=0,226 \lJM-2, 

Jiei'RO BH,Il;6T:b, 'I!TQ. o( -a(. ITOTSHW!aJI IDA98T MOJieeyJIRJHruii xapa.KTep, T • 8 • 

rroTeHqHaJI:OHM tyHKJ::(IDI (2) MHHHMa.JII,Ha, eCJIH coce,ILHHe o(.. -'t!acnnw Ha.xo

MTCJI Ha paCCTOJIHHH e. =2 ,83I3 \lJM .J\Pyr OT II]Jyra. B JlK06HeBHX 6e3pa3-
M9pHI:lX rrepeMeHHbiX ::C.,:J rroTeHwram.nrur WYHKUH.fl B e.n;runmax E0 meeT 

BR.n Z 2 2 2 2 2 

( -"'~ -o(~ -<>~3') c-1'~ -~' -f''t 1J(::r:,y) = a -€ + e + e + i, e -+ e + e ), 
(I4) 

r~1e ~ = Nz'"" + Vvz .J , 7 =- V% :x.. + 1/fi J, ) = -¥2, >' • 
<>< = l... d< , f' = L • .;~,_ , A = a. Eo, B = f, Eo. 

KoHTYIJH V<-:t:,:y) zsodpaJKeHI< aa p11c. 211,2r. E)(llllHl\lf ,IIJIHHH L. z sHep
rzz Eo , Ollpe)leJU!eM!Ie i)}OpMyJiaMI! (9) = sa)laHHoro o<.-o<. -rroTeH!IHaJia 
.AJI1!-Eoi1Mepa (IS), P8.Blll! L 0 =0,2726 1M 11 E0=3,03I4 MaB. 

KaK ITOKa3HBa6T npOB9,Il;9HH~ ~CJISHHHfi paC't!ST ITCBepXHOCTH ITOTSH
UHanhHOfi aneprHH (eM. pnc.2), cTerreHH~ rrpH6~eHHe 't!BTBepToro na
p~ xopomo BOCITpOHSBO~T STY ITOBepXHOCT:O ,Il;O 3Heprntt, COO~BSTCTB,yiD
IQIIX JIHHIIII ayJieBol! rayccooo:ll KpHBH3Hll (mTpi!XOBM JIHHIIJI Ha pllc.2B,r) ,.) • 

6) B<l!<J!eKTHBHI;l!! "'- .<. -rroTeH!111aJI B MO)leJIH CxzpMa 

CpaBHJIM peaJIHCTB'!ecKIIl! o<.-o<. noTeH!111aJI AJIH-Eo,I~J~epa c rroTeHI~M
JIOM B38.llMO,Il;9~CTBIDI ;uBY.X o(.-lffi.CTIID;, IIOJIYlffi.SMHM C ITOMOIIU)IO ~KTJIBHOro 

B31!JIM0)1el!cTBIIJI CKI!pMa791. nna CKIIpMOBCKoro B3aJIMO~encTBIIH B CJIY"I!e 
JV = Z, Ita.K ll3B9CTHO, IIJIOTHOCT:& SHepnm: HM98T BYI.Ji lO/ 

f/(rj: cJ-:\:-+ 83 t./'+_,~ (At<-+stz)t<..;.../4(gtrs~)fr:;A;_5 l 
+:/;; f:.:,f.3' 

r~e rr-- IIJIOTHOCTb KHHeT~SCKOfi 9HeprHH: 
-K 

'7: = 2 'V 0"> V<..t(<~J <r6l 
"- ' 

*)Ha CaMOM ~e~e 06~aCT:& ITpllM8HHMOCT~ STOrO rrpMd~SHHH HSCKO~:&RO 
ruHpe. 
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J - COciCTBBHHO IlliOTHOCT:O: 7f 

.f = 2 <p (a) <.f> (a.)' (I7) 
rll(a) "-

.11 '-Y - O.n;HO't!aCTH't!Hrui xapTpH~OROBCKM BOJIHOBaJI !f:yHR.J:tiDI a. -ro IfYKJIOHa. 
CyMT'Iffi. OepeTCH no tiacTHIJ;aNI CHCTBMH M no cnHH-Hsocrm:Ho·BHM rrepeMeHHUM. 

Ilpe,IUIOJiarrur, liTO HyltJIOHHM IIJIOTHOCT:b BHyTpH ~Oii: o( -tta.CTllll';bl 
HMeer rayccoBo pacrrpe~eJIBHHe 

2 -, 2 ,/' /)
3
;.{ 4c ext i-.t.(r-Ra.) J • C= (oyJ/ , (IS) 

~ 

r,n;e ~a. - IIOJIOJKeHHe I.J;8HTpa paCIIp8,Il;8Jl8HlU:I IIJIOTHOCTH Q.. -1\ C><(-T.I8CTHI..J;1! 

(a.. =I ,2), rro;ry~HM 8<\4eRTHBHoeo(-o< B3B.HMOI(ettcTBHe VC"') , :x:: JR,- R';.J 
Bblp3lK8HH08 't18p83 rrapa.MeTpl:l CKJ1PMOBCKOrO B3a.HMO,I.(8ii:CTBIDI -fo_,if~ t2 ,~ t3 ~ • 

V(x) = k, exp {-~o<:x:2 J + k 2 :x:
2 exr ~-~.(::x: 2 f+ 

+ k"' exp {- ~~~ oi.OC 2
} , 

'~>/2 
k~ = ?>/a (~) ( t 0 + ~-' t~ ) , 

l<z = ~2 (~ Y/\5b- ~-1:1) , 

(I9) 

Lna ill8CTH T.I8CTO HCIIOJI:&3yeMHX HaciopOB rrapaMeTpOB, Sa.n;aDmHX B3a
HMO,UeacTBH8 CKHpMa., 3cl4J8KTRBHID! IIOTBHI..UIBJI (I9) - T8.10K6 MOJI6l<YJIJI.PHOrO 
TUlia, OH K8l{9CTB9HHO BOCilpOll3BO.IUlT IIOB9,D;9lill9 p9a.Jll1CTH"q8CKOrO IIOT8H
I1l'aJ!a (I3) • 3qxjieRTHBHHJ! ITOTeHll,lffiJI (I9) '!yBCTBIIT8JI8H K napaMeTpy o(_ , 
OTip8,ll8JUDOII{8MY pa3Mepol -'llaCTI110i• BapHaiJ;119:tl IIOCJie,IJ.Hero MOJKHO .ll06HT:&CH.. 
H Ka~eCTBeHHoro cor~cHH Me~ o6oKMH noTeHuaanaMR. OTMeTHM, 'liTO 
!Ipll BHKJ!l0~8HIIII CROpOCT!ruX ~9HOB (-ff~ t2 = 0) MOJ18IcyJIJiplllll! xapaK
T8p ~eRTHBHOrO B3Bl1MO.ll8iiCTBKSi C0xpa.H.R:8TC.FI 1 BmcJilO'Il8HH8 tia.CTH B3a.R
MOJl8fiCTBIDI1 38.BHC.f!lU9:ti OT ILJIOTHOCTH ( fa.3-0 ) 1 IlpHBOAHT K CM9!I19HIDO 
Mill!JIMYMa rroTeHnl!a.na (I9) B Toqey -::x: E 0 • 

PactreT aHepreTii:'lJ:ecKoro crreKrpa ,llBJ'M9PHOro rB.Mli.1ThTOHRa.Ha (I) c 
ITll3 (I4) - Tpy~oeMKa.R: 3a,llatra, IIOSTOMY MOEHO B KaqecTBe rrepBoro, mara 
BOCII0~30BaT:&CR KBa3H~aCCHlJ:9CKHMH M9TO.llaMH RBBHTOBaHK.FI. 

Hcno~3yent CTerreHHOe paanOEeHHe IIOT8~an:&HOii ~7HKqKK (II) ~ 

8 



BhltiHCJI8HHR HIDKHIIX 3HepreTWISCKHX ypOBHe~ 3o( -CMCTSMhl, IIOCJIS IIpHBe,n;eHHR 
raMKH»TOHHaHa K HOpManbHO~ WOPMe EHpKrOWa/!5/. nna OTOr~ rrperrcTaBHM 
raMRJibTOHHaH TpBXtiaCT~HO~~ -U9IIO~ B ~9TBSpTOM npHdJIH~SHRH B BM~9 

Ho = ~ (f;_ + <:e
2
) + f- (pJ +.f). 

(20) 

~aHHOe Bhlp~eHR9 rronyqeHO H3 raMHnhTOHHaHa (II) OdhltiHOfi 3aM9HO~ 
P:c~ vw; f"'> /'y"'"J:>y, x-:x/{i5.,, y-..y(l<J,._=f3) • rrpnBoiL'!Illel! 
KBarrpaTH~HyRl ~aCTO (II) K HOpMaJThHOl! WOPMe. B CJiyqae BH6opa o1..- o( 
B3aJIMOrrel!CTBHH, ITpHHHTOrO B (I3), KOa@illl\HeHT v:; =() 15207 • 

ra.MWil::oTOHHa.H f/ 3a.D;a.H B HOpMa..JThHOti qJOpMe t eCJill odpamaeTCI! B HyJID 
CK06Ka llyaccoaa: 

{ 1/o, I( 1 = 0. (2I ) 
llpouerrypa !IplmerreHII!! raM>!JU,TOHHaHa H K HOpMaJThHOl! wo.pMe r ocymecT
BJmeTCJI, CM. ,Haiip.~IG~cepHeil: KaHOHHti9CKHX npeo6pa30B8HHil:' (oc~y_, ~:x:,/Y) 
_,. (/;<, ~Z; f<, ('z) • B pe3yJll>TaT;Lrlli~TOHI!aH (" B HOBHX rrepeMeH

HHX 3aBHCHT TOJJ,Ko oT WYHI<J1l!J! I,= 12. (?;, + p/)n IR=%, (~:+?D 
T. e. I!MeeT HOpMaJThHyRl g;opMy EliPKI'OWa• ' 

~aKTH~eCKJI HOpMaJThHaH WcPMa r (I1,I;_ ) rrperrcTallJJJ!eT co6ol! acl!M
IITOTRtiec!CIDt PR.Il no cTeneHRM rrepeMeHirnX I-1 a I 2 , rroaTOMy o6I:lt!HO or
paHWIHBaiDTCH ROH9tiHHM tiHcnOM ~9HOB p~a. 

HopMaJll>HaH wopMa raMHJJ,TOHHaHa (20) B rnecTOM IIpl!6~eHl!l! l!MeeT 
Bl!.n 

rrr,,Iz )~ 1,1 3Z05I, + I-z- to-zrs,6T+6 I/+ 
+ Z,3&~6"Iz2 + 14,'1N6IJz]-lo3

{!:,3/8I/+ (22) 

+ o, .?:3.3 I}-+ :1,1281/Iz -t 1, 74-'t T,I2
2

} • 
KBaHTOBaHHe raMRJIDTOHRaHa B HOPMaJIDHO~ ~opMe EHpRroWa JierKo BH

ITOJJHHT,II7 I aa...Hoa :I, z n1 + t/z n I 2 = n2 + ~ ( '>11 , n2 - 11eJJHe 
rroJIO.liUITSJIDHHe tiHCJia), nocRoJII,Ky BeJIHqrurn I 1 H I

2 
ecTI:. rrepeMeHHhle 

~eACTBRH n ~ca anHa6aTHtiSCKHMH KHBaPRaHTaMH. Tor~a KBaS~CCH
~ecKJ!l! CITeKTp raMHJl»TOHHaHa (20) JJHHeJ!HOJ! 3o(-CHCTeMH HaxOl\l!TCH UO 
lj)opMyJJe 

E.,,,2 = f'(I,,Iz ), 
(23) 

rrre HOPMaJll>HaH giopMa r onperreJJHeTCH BHpru<eHHeM (22). 
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5., 'I{Ji.!CJI8HHH8 pesyJIDTaThi H BbiBOlri:l 

KaK JIISB9CTHO/IO,IZ/, BOSHKKHOBeHHe B r~TOHOBOfi CJIICT8M8 ~0-
KanbHO~ H8YCTO~~JIIBOCTJII, nopo~arome~ CTDxacTJII~9CKH8 pemHMH, MO~ST 

dHTD CBH38HO C TIOIT~aHJII9M ~CTJIIUH B od~aCTR ITOB8pXHOCTJII ITOTSHUHanD

HO~ SHeprHR C OTp~Te~HOH rayCCOBO~ KPJIIBHSHO~. Tor~a KpHTMqecKaR 

SHepr:rui nepexo,Ua OT pery.rr.apHoro JlmllKSHJII.fl K X80TH'ti9CKOMY pa:aHa MHHJII

~Hon sHeprHH Ha ~HHM HY~eBO~ rayccOBo~ xpHBHSBH. B caMoM .ue~er. 

ITOBepXHOCTJ., ITOT8HIJ;HanDHO:ti SHeprHJII. (I4) lllii98T OdJraCTJII OTpH:o;a.TeJIDHOfi 

KPHBHSHH, noKasaHHHe Ha pHc.2B,r illTpnxoBofi ~He:A:. Orrpe.ue~eHHaa 

cor~aCHO rrpHHHTOMY rrpaBKnY KpHTnqeUKaH 3Heprna ~ CHCT8MU (14) 

EKP=0,3 E.,( ( E.t- sHepriDI lU1CC0!1Raill!ll 3 oL. -cncTeMU, Ed ~II ,4855 MoB) 

xopomo cor~acyeTca c SMITnpaqecKHM Had~.ueHHeM xaoca c noM~ID ceqe

HIIII I!yaHKape ( CM. pRe .3). CeqeHlffi IlyaHKape, KOTOpHe rrpe;uCTaJ3JLijj()T 

co6o:A: "CJie.IO:l", OCT8.BJI.ffeMHe wa,soBoit TpaeKTop:aeit npH "npoTblKaHlU!". He

KOTopol IIJIOCKOCTH, .Ua.IOT HarJI.H.lU!blft MeTO,U Orrp9,1leJ18IDUI xapa.KTepa ,nBH!re

HHR ~ r~TOHOBUX sanaq C ~ CT8IT9HRMM CB060,10:l. 

KaK BlmHO HS pHc.3, rrpn HHSKHX 8HepriDIX ,II.BIDKSHRS: peryJI.SlPHO, HO 

C yBe~qeHH8M 8H9pi'lm B03Hwta!OT o6JiaCTH ~SO·BOro I!pOCTpa.HCTBa, SaiiOJI

HBHHHB X80TJI.!q9CKHMR TpaeKTOpHHMH,OHR pacma~ca.B ceqeHHH UyaHKape 

Ha /jlaSOBOl! llJJOCJ<OCTH ( fY• J') BM9CTO 38MKIIYTIIX KpHBIIX,CBHS!IIIIIIIX C J:\0-

TIOJIHHTS~HHM: (KpOMe SHepnm) RHTerpa.JIOM ,1lBHX£8H:rui, ITOJIBJIRlOTC.fl CJIY'Ia~

HHM 06pa30M pasdpoCaHHHe TO~, OT06pamaromHe X80TH~8CKne TpaeKTOpHH. 

B paccMaTPHBaeMo~ 3o<-cncTeMe c pe~cTnqecKHMY canaMM (13) xaoc pas

BKBaeTCR C YB8AHti8HH8M SHeprHH 3H8qHT8JIDHO 6HCTpee, qeM B CHCTeMaX C 

IIOJlli!IOMHaJr&HHMII IIOT9H111<9.7IB.MI<o Y'IKe rrpH SHeprHH E=0.,4 EJ (pHC. 26) o6-

~CT:O pery~HOrO ,II.BH~8HKff 3H8tiHT8~HO y.M8HDillKnaCD TID cpaBH8HHID C 

Toll "'" o6.nacn rrpn J<PHTnqecKol! aHeprnn EKp=O ,a Eo~ • 
06HapyxeHa Taxxe eme ~ HHTepecHaH ocodeHHOCTD B noBe~eHHH ~

He1tao~ 3o(.-cHCT8MN. 'I{HCJI8HHb18 paC"tJ9TH ITOKa3l:lBaKlT, tiTO HM8IDTCH H960JTh

IDR8 06~CTH waaOBOrO npocTpaHCTBa, B·KOTOpHX COxpaHH8TCH pery~H08 

,UBHEeHHe ~e rrpH aueprR.f!X BHme nopora ~ceo~ CHCTeMH. 

AHanorHtiHaR CHTYauHH HM88T MeCTO rrpH HCcnenoBBHHH MO~eKy~HO~ 

CHCT8MU C MOpCOBC~ ·c~S/. KaK cne~eT R3 Hamero HCcne.UOBaHHH 

(no.upo6HOCTH CM. ~/6/~raMRJIDTOHRaHH 068HX STHX CHCT8M H8 HBR.f!DTCR 

C3 'tf-miBapHa.HTHHMJII. IIoaTOMY Momo npe.n;nOJioorn:T:o, ~T.o HaJ!i{T{He o6Jrac

re:A: CTBdRH:&HOCTH rrpH 3HeprMRX BHlli8 nopora ~CCO:o;HauHH CBH38HO C Hapy

ill9HHBM ~~v~CHMMeTpHH. 
ffa pHc~4 cpaBHHB88TC.fl xapaKTep ITOBe,1l8HR.fl BO Bp8M8HH xaOTH'ti8CKHX 

TpaeKTOplll! !X:( t ) , H306pru<eHHIIX B BBpXHeJ! qacTH ItalK)lOro H3 pi<CyH!tOB 

4a, 46 )i 4B, C peryJI.fiPHHMH TpaeKTOpJIIRMH, HapHCOBa.HHH:MR IT0,1l Hm.u!. 

KaK XaOTH"Il8CKRe, TaR H peryAapHH8 TpaeKTOpHH BHtiRCA8HH TipH O,UHOn H 
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a 

B 

P11c .s. Ce'IeHM IlyaHKape B IIJIOCKOCTII (j>y, y } np11 :x.: ~ 0 = raMI!JII,-
TOHI!alla (I) c IIll3 (I4) rrp11 8Heprlil!iX E=0,3EJ (a), E=0,4 EJ 

(6) 11 E=0,5EJ (B), r11e E..!- 9HeprM i11!CCOI1HaqHII 
3<>(-CI!CTeMbl. 

II 
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PHc.4. BpeMeHHaR 3aBHCHMOCTb TpaeKTopl<ll :x:: c\)npH O)lHO!l H TOll lite 

aHepnm E=O, 5 Eo! , HO c pa3HHMR Ha'IBJThi!HMl! JlWIHHMR. B KB.J!II!;OII 

CTpOKe a,6,B pHCYHKa BC8 BepXHRe rp~RKH HMSDT HR~anDHHB 

ABHHHe, ~emamRe B o6~CTK wa3o~oro rrpocTpaHCTBa C XBDT~BCKR

MR TpaeKTOpZHMH, BCe HHEHae - C pery~HHMH TpaSRTOpHHMK. 
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TOfi JK€ 9Hepnm:. E:::0,5Ed , HO C pa3HbiMII Haqa.JThHI:lMil ;mHHl:lMH., I\aK Bl'I,IU:IO 
H8 pzc.4, xaOTH~8CKH8 TpaSKTOpHH HMS~T XOTH H 6~88 CHQmHYID Bp8M8H
HyiD 3aBHCllMOCT~, HO T8M H€ M8H88 60~rnyiD ~aCT1 BpeMSHH B8~T Ceda Ao
CTaTO~O pery~HO, aa HCKEID~SHHSM oqeHL KOpOTKOrO BpeMSHH, B Teqe
HH8 KOTOpOrO ITpOHCXO~T T~OK, nepeBO~ CHCTSMY B ~yrO~ p~~ 
pery~Horo ~eHHR, KOTopoe coxpaHaeTCR ~o crre~romero T~. To~
~H ~ edaM rrpoacxo~ 'l.lepea 20-30 oc~opHHX nepHo~oB. 3To Ha
BOAH~Hi MHO~ BBSCTH TaK Ha3HBa8MH8 V -TOpu,c ITOMOmbiD KOTOpHX B pa-
6oTefl4 060CHOBaHa npaBOM8pHOCT1 KBa3HKnaCCHqeCKOrO KBaHTOBaHHa H B 
o6~CTH xaoTzqecKoro ~~8HHR. 0,IU:IaKO 3A8CD naneKO He BCS RCHO, H 
BOITpOC 0 KBaHTOBaHKM xaOTHqecKHX TpaeKTOpllH OCTaSTCH OTKpHTUM. ~TO 
JKe Ra.caeTc.H: o6JiacTeil aHeprnH, r;n;e KJiacmi'I.ISCKoe .n:suem!e pery;m:pHoe, 
TO, B IIpl'UfUmiS., SaTpy,li.HSHH.f:i: ;rr.Jlff HCITOJihSOBaHIDI KBa3HRJiaCCHtJ.8CKMX M8To
,Il;OB KBa.HTOBaiDl.J! HST. 0,mraKO CT8THCTHtJ.8CRH8 CBOfiCTBa KBa.HTOBOrO 
H COOTB8TCTByiDmero RBaB~aCCHtJ.8CKOro CIT8KTpOB 6y~T, B006~e rOBOpH 1 

OTJIH'I!aTbCH. 

B s~~eHHe asTop~ BHpa>aiDT r~6oKYID ~aro~apHOCTh B.H.Tapaco
BY sa ITOMUIIU> B npoBe,ll;emm 'I!J!CJISHHHX pacqeTOB. ABropH 6Jiaro;napJIT 
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