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· B nac1:0H111ee BpeMH rrpo6JieMa rronyqeHIIH Hat1el!mon nn<jiopMaIIHH o MHoronanaJII,HLIX pe-

3onancax IIpHo6pe:raeT onpe11enennyro OCTpoTy. .L(eno ,B TOM·, qTQ IIOCTOJIIIllO 'lllleT ua6op 

3KCrrepHMCllTaJI~Rl,IX. t1allllLIX. IIO IIpo11eccaM pacceRIIH8 a~poilOB . B pe30HaHCHUX o6naCTHX 
, - ' . " ,. ,- - ' 

31leprHII, 11eJihlO KOTOporo HBJIHeTCH·OTKpLITHe ll ll3Y'ie1me pe30HallCOBj Mnorne ll3 KOTOpLIX 

, npoJieJIHioTcii ~ IIeCR~JihKHX CHJihll~ CBH3allHLIX nauanax, uanpHM~p; cKaJIHpHLie u TeH3opHLie 

Me3oll!.i; rJIIOOHHYM ( eCJIH OH 6y11e1: OTKpLIT) :noJil!{eH 6LITh
0 

B 
0

IIpHHIIHJie Mnor~nanaJihHLI~ rrpo~ " . 

. HB.n:eHHeM ll T.JI.; 0.iiHaKO B 3KCnepHMeHTaJihHOM ll Teopernqecimi.i cniryce pHt1a CeKTOpOB 

Jieri(HX Me30HOB llO_CllX nop MHor"o HeHCHOro [l]. 8T0°B OCHOBH;iM KacaeTciMnoronanaJihllLIX 

..• pe301lallCOB. i 'o6ycJIOBJieno ;Haqn:reJihHOlt 3aBH,CHMOCTblO OT MOt1eJiel!: B33.1IMOJ1el!:cTBH1r pe

. 3yiiLTaTOB an'aJIH3~ 3KcnepHMeHTaJihHLIX 11a111ILI_X C ueJibl-0 oripe11ene11HH napaMeTpoa Ta!illX 

~' 

0

06'LeKTOBi · 11pH1 3TOM · YlKC ·Tpa:nnuuoHHO HaH6oJice C;O~HaH CRTyaIIHH B, CeKTope CKaJIHp-
1 - -' . / . '. > _- ' - ' ~-· • • 0,* ' • .-

0 llLIX Me30I!OBj•qTQ CBH3ano;c BJIHHIIIIeM BanyyMa ll TaKHX.TPYllllO yqnTLIBaeMLIX 3<p<peI<TOB, 

KaK,BK/IaJILI llllC:TallWHOB. 'OTMeTIIM, qw,, nanp!I~ep, llJIH cnawipHLIX .i 'reuaopni,;x· Me30- < 

· .HOB B031llIKalOT TPYll~~CTII yJKe npn HX HHTepnpeTau1m Kan 0611qm,1x niiapn-anTHKBapnoBMX 

~OCTOHllHH, TeM 6oJiee Hll 011no C~CTO/!Ulle omio3naq110 II~ Ht1ellTll!pllUHpOBaHO KaK rmo6o~, 

MHOrOKBapimBoe COCTOHlllle HJIII Kan,rn6pnn.' 'B n~n CHTya_UIIH OC()6e1iHoaalKHa Hll<p~p-. 

Maumr O qacTHUaX (H3BJieI{aeMM ll3 3RcnepliMeHTaJiblll,IX )(allllldX), KOTopaa'ne_3aBHCIIT OT '\ 

'KonnpeTHLIX Mo11enel!: B3aHMO)lelicTBirn. /, , · . . · . __ . ·; \ .'; , ,.: •· .: '. _ \ ' ·-. 1 

. . - B anaqHTeJI&Hol!: Mepe Mo,1\eJii,uo-ueaaBHCHMLI~ ·coo6pa1Ke11irn OTHClCHTeJILHo cin11ca~u'H' pe

aonancoB H HX IIp!IpOllhl ·MoryT 6LITh IIOJiy'IeHhl Ha OCHOBe TaKHX, 06111nx 
0

IlpHHii1InOB; Kai( a.Ha~ 

, 

0

JIHT1IqH'ocTL H yuinapnocTL, H c6aJiaHcHpoBaHnoro yqeTa 6nirncal!:nrnx 1t' pa~cMaTpHBaeMol!: 
,. - ~ " • ! I'. _, f I . J' • ' • , • • , • ' : : > " • ' 

_.• <pll:3llqecKOlt' o6JiaCTll oco6e11HOCTel!: .·Ha BCeX, COOTBeTCTBYIOIIIIIX JlllCTaX_ pnMallOBO.lt IIOBep-

> XllOCTH S-Ma:rpn1111 [2]-[9]; Eclin pe3oHaHc l!MeeT e.ziHHCTBCllll)'Kl MO,!IY pacna11a, TO 06111ee 

', ·, YTBeplK,l\enne OTHO~HTC/Ih!IO iroae11eHHH a1>1irirnTy.11~ npouecca, B ROTOpOM ua6JIIO,ZJ;ae~CH aicii 

pe3onairc, COCTOllTII TOM, qTQ npH 3naqe~1rnx 3Heprnn,6JI!I3KHX R p~iomiHCHOlt,'omiionn-; 

:, °CLIBaeT Kall 6i:r pacrrpoc-rpaHeHHe cao69;r.iI1oi1 qa~THI\11. 8TO 03m;qaeT' .'!To113 MaTpiqHQM 
,, ,· . I , , . . , ··., , •.· . • ' 

~ 3/IeMenTe pe30HaHcy (a npenene era Manolt lllHpllH11) COOTBeTCTBYIOT t1Ba conpHlKeHHLIX.IIO-

Jii'oca na ne4m3uqec~o~ nncTe ira nJiocnocni ROMHJieRcHol!: auep~HH:· II HecMoTpH na-ace 

yc1oiroteunir ~IIHCaHnH, CBJl3aHllLie C yqeTOM KOHeqHolt lll~pllHLI peao~aHca, 3TO M0,1\e/IbHO-

; . ne3aBHCJlM0e coo6pru'neHHe O llOMllllllpOBaHHll yKa3anuoi-o pe30HaHCHOro rione.11eHH1I
00 

nap<ilt 

COlij)Jll~ell!ILIX ITOJIIOCOB coxpaBHCTCH. B cny•iae .1\BYX CBJl3aHHldX ·Kana/I~~. S-M~TPHIIa · pac- . 

. CMaTpHBaeMLIX npouecc"o13 onpe11ene1Ia ua 4-JIHCTHOH pmiaHOHOfi noaepxn~c1:u.' B 3TOM cny: ; ... 
.. • 'Iae pe30H;ncy B MaTpnqnLIX 3JieMellTax COOTBe;cTByeT napa conpHlKCHHLIX IIOJIKJCOB Ha JI 

• JIHCTe H napa conpHlKellHLIX ~0/IIOC~B rra III J!HCTe [3], C 'iaKHM 'rrpe,1\CTaimeHHeM:p~30Hair-
. . . . . . • .· . • I / . . . •. . . .. 

COB manoch xopomo orrncaTh 3KcnepnMeHTa/IbHYIO ll30CKaJIHPHYIO S-BOJIHY 11'7rcpacceHHHH OT .. 

'uopo~a ,1\01,9 raB, y,n;oBJieTBOpHTeJihllO rrpe,ncnaaaTb (11a OCllOBe:)lal!llLIX rio ;;1<pacceHHHIO) . 

. IIOBCllHBlie s-BOJIHU npouecca _11'11' -c+ J<J< ,n;o'HP,HMepHO l,25TaB, nonyqnni Hll<pOpMa- · 

. ".' ~RIO O pe30Hancax B,3TOlt o_6JiaCTH 3Heprn,n, rrapaMeTpLI peaoHaHca !0(975), ero Kon:cTallTLI 

CBH3ll C ,r,r~•u J{J{-cucTeMaMH (oTCI0,1\a onpetiene111111e yKa3aHHH o' era npnpo.11ef [3]-(7].' 

PacxolK,l\ellHe npe.11cia3aHH/l no rrpo11eccy 11'11' --d(f{ C 3KCnepHMCHTOM BLlllJe 1,25 TsB,·a: ' 

l!a&lKe ynaaanHH KBapKOBLIX M0,1\eJielt Ha CH.UbHYIO CBJl3b Me~oua fo(975)"c 7]7]·_CllCTeMott roBoc' 

. pHJill O Heo6xo,l\HMOCTH BKJIIOqeaHH B pacCMOTpeHHe 7]~-KanaJia. PacnpocTpaJienne 'namero . 

.. · IIO,l\XO,!la Ba cnyqatt Tpex CBH3allll!>IX KaHaJIOB ( 7\11', J( I( II 1}1]) )J;a.JIO 'y.n;oBJieTBOpHTC/Ihl!Lie 

, : pe3yJILTa~LI a onucannll 's-BOJl';ILI ~,r~pacceHH~H no6'.n:ac·TH aneprnlt .0,7-1,6T~B [9]. 3a~ 

MeTHM, 'qTQ B 'cJiyqae MnoroKaaaJILHLIX pe3ouancoB · lIOJIOlKe11He iieo11no3uaqI10 He· TOJibRO C' 

onpe.11e~eane~ HX RX.L(-rrpnp:o~,HO ll.C caitm-i y~;aHOBJieHHCl>I peaoir11irc0Bua ~CHOBe 3KC~. 

?P,llMCBTrbllhlX J(a~llldX;::sTO o:e:Hb_5JRO .H/I/I~CT_pnpye{CH Cll~Y~IIlle,.lt.11.~~JiaC~ll 1 raB, 

' ,, -•. ' · , , I'• · · .• ',, 
•, . . ,·I.. ,' ::· ,' . 

. ~~ ff:~~~:::~~~-~•.~ =~;.;~:Vi. ~ ~'.,,V'.""~E,.ni,. '>HJ:.;JJ .[,.;1..,,L!,})r .. : ., 
·'11, Ur~·~W-~ru'ft!'· . . .Cl~ ~ -•. iti:'1

1 J.:., ll~~·sni~d~I::_r. 
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. . B CKalIHpHO-ll30CRaJIJipHOM KaHaJie. KaK H3BeCTHO, 'IeTirne pe30llal!CULie DpOHBJieIIHR B 3TOl1 
ti 

1 

o6n:aCTH B 3KCDepnMeHTafilHLIX .!(aHHLIX HO 11"7r•pacceH1I11lO HHTepnpeTllpOBaJIHCL KaK pe30· 
nanc /o(975)(S*).' Ero .110Bom,no neo611'IH11e ceoilcrna, rnasnoe 113 KoTopLix 31r'~'IHTeJILHO 60- . 
nee cnm,n'rui; CBJI3L 3T~I'O MesoJa C /{ K-CllcTeMOil no. cpa~neHHIO C ero CBH3LIO C 71"11"-CHCTe~olt· . 
IlplI.BL!pOJKJieIIHlI IlO Macce C Me30HOM ao(980)(o), B113BaJin' O'IeIIL pa3JIH'IHLI~ rHIIoTthLI o ero. 
npnpo.11e (qqqq[IO] :-. [12],gg[l3], qq c 'yqe~CJM e3a11~10,nellcrnnn e 1m11e:rnoM cocTonnnn np'o
neccoB [14]; cMecL qq n gg [15, 16), /( KaMo_neKyna [17, 18)). 8 aaann:ie 'lSR-.11aHHLIX no 
J)OlR.Z\eIIHIO Me30IIHLIX nap ( n n /{ If) ,B neHTpaJibl!Ott o6JI~CTH B_ pp-coy.11apenHJil( [19.) IIOJIY~ 
'leir11'B p·altoHe 1 I':iB BMecTo 1,1e3ona /0(975) ipn cocrnnmrn: S1 (991 hKaH.11n.11aT a rn106onu, 

. S2(988)-K K-MOJie:Kyira, /0(900)-:-.!IOBOJILHO nrnpoKHll B ,r,r:Kanane MC30H. 8 pa6oTax [5, 9) 
'' MLI Dp!rBeJilI C006pruKe~l!JI, 'ITO HeyqeT 7]~·IIOpora'(eo3MOlKHO, TaKlKe 117,'cnopora) B aHaJIH3e 
. [19] Mor npnBeCTlI K lIMHTanHJIM Jt~DOJIIIHT~J!LH!dX, COCTOIIHHll B.OKpecT~OCTn/(/(.nopora., 

MLI 3.!(eCJ, o6cy;zuiM TaKlKe, RaKHM ci6pa30M 3TO CBJI:iano t BKJia,!IOM 3aRpLITL!X' Ka!IaJIOB. 0TMe-:, 
_Tn'M, 'ITO nocneizy10111nlt pa~Ill~pe~HLilt aHaJIH3 BL1Illey1rn3au11ux .11aHHLii;:a TaKJKe.11an;11,1xn~ · 
,r,r~ n KK-pacCeHHHIO H pacna.11aM J/tp-> </>n(<f>l( /(), D;'-> irir,r,npnBeJI aeropoe pa60'!'Ll 
[19] K ~eo6xo,!IHMOCTH 6TKa3~TbCR OT CBcinx nepecmaqaJibHLIX 're~yJibTaTOB n HI!TepnpeTanim 
[20). ' '· . '. ' , '.• . i-. . . . ' 

. 8 .11anHolt pa6oTe MLI cyMMnpyeM ·11allln npe.!ILI.!IJllllle n uacToRmn.e nccne.11oeaHnH .11iui no-
cne.11o»aTen:Lioto '<popMynnpoeannJI Ha~ern MeTO~a; npo.no~lKaeM pacc1.10Tpenn~ 3-nanaJILHOlt 
3a,lla'l~ [9), p~~~MaTpHBaeM ~O,lleJibHO·H~3aBIICHldOC npe.ncia'eJI~II~e peso;,~H<:0:9 B 2- n 3- I 

Kanan:~HOM rnyqanx DOJIWCaMH (n coorn~C1;BYI?Ill)!M11. JIM ;IJJIH~III) Ha pnMai!OBOlt ~OBep-. 
xnocTn, S-MaTpnni.I ,n poni; B !IX' cpopMnposanim · 3aKpLITI,IX Rananoe ·,KaK B K-; raK' n 'a 

, ' . . .. ', .. . . ' ' .. '• .. ' . I ,, . 
S:MaTpll'IHOM DO)O{O,llaX,' o6CJlR.!laeM KJiaCCH<pHKaUHIO MIIOrOJ<aH3JlbHL!X.pe30HaHCOB B COOT·, ', 
BeTCTBHll C HX npe,!ICTaBJieHneM iia' pHMal!~BldX noecpxnocrnx, np11110.nHM cpopMyni.r,· no:ieo;rm- ·, ,: 

: .• I ,,. . ',· ' ,' ' ' ',,,,'I '· , ,,,·. , ': 
!Ollllle na _OCHOBe aHaJIH3a ,llaHHL!X no O,!IHOMY, npouecc;r npe,nCKa3hlBaTb llOBe,lleHHe aMDJ!H~Y.11 
C~H3aHH11X npoueccoB ( ~- 2:: Ii 3-RaHaJILHOM cnyqa1ix)' o(icym.11ae~f yiia:iaHHR O. Ha~~'IHH. peso- ' 

', ' ': • ','\;.. ,; 'I ',. :( < ''. '/ •• ', '' c,,. ,', ,'; ' 

HaHCOB ll HX npnpQlle H3 pacnonoJKeHHH HOJIIOCOB HHOHCTaHT CBR3ll, nony'IeHHLIX B an_aJIH3e 
.l{a~~¥x'n~ 1r1r .. ~ac~e~~.Hk;': . . 1/ , •, , , · i ·,>:· 

1 
1 '.i 

2' Ilpeµc~a~:iie~lie. MHOrOH~Ha.JII>H~X, pe,30~~~~:oB'.: ~a,\ 
,· '-'' "),' j \ .,• I, , ,• ,, ' ',, ,' ' •·- · C• ·•••1 ,•.', 

pHMa::aoBOH ,rroBepXHOCTH, 

By.11eM; pa~c~aTpHBaTi 2-n f KaHa~hHLili cny'I~Hi s-i:r~TpH~a onpe.11enena na, 2N (N ·. ~' ' 
2 HJIH 3)-~cTnoltpn1,1anoBo_lt ~oeepxnoc~n, ~M~1~mei1 N;np~si.ix (yHHTapiiux) pa:ipe30~ na, 
pea.rrLHolt ocn B s~imocRoc1:.1r, ~Ha'IHHaio~i~x~11,'nr!\41~;,·4m7_:, 4m~ .. (.lllIH ~mrnpernocm n •·· 
nen,zzy occi6oro ~HTepe<:'a· paccMapTiniae11 cKaJIRpno;tt:ioc:Ka:JIHpnLie ,r',r.,.J( 1(7 H 7/7/·KaHanLI, 
KOTOpLie 6Y.l(eM o603Ha'la:tb COOTBeTCTBenno lll!<l>paiIH ),2 H 3); JleBI,IMl! p~3p~3aMri; CBR3aH-' 

. .,_ IILIMH c B!{Jia,llaM_ll nep~KpecTHLIX ~pouec:coe, 6yneM npenc6peraTL 'e CTpJKType pnMaHO!H,IX 
llOBepxnbcTel!, a BKJia.n H_a imx J'IHThlllaTb B <}>one .!(J!H''cooTBeTCTBYIOlllllX aMIIJIHTY.11- IlpoHy0 i 

MepyeM JIHCTLI pnMaHOBhlX noeepxmicTelt· B COOT~eTCTBIIII c·o :mar<aMH II~: nnx: ami.nnTH'IeCKll' ··.' 
• ' '\, ' '.. ,,. , 1 ' ' .' •• . ,, ,- ' ". ; ' • ' • • • ' : • ·, . /, ,. __ , 

' IIJ)O,!IO]l)l{eHHLIX HMDYJILCOB KallaJIOB . . ' . ' . 

: , k1 =. (s/4 -- m/")V2, i:3~ (s'/4 _ :m2)1/2 
I • ' ' TJ 

CJje,!zyIOlllllM. o6pa30M: II 2~Mnam,aoM. m'>ll,XO.!(e. ( T.e, Korna ne padc~aTpneae±CR' RBHO ~rrr' 
. 'mrnan) ]lllCTaM I,II,III,IV COOTBeTCTBJIOT :m.aK11 (Imki' Imk2) =; +·+;-+, -'-', +.:.::.; B.·3~· 

RallafilIIOM 110,llXO.!(e imcTaM I;II).,.,vm COOTBeTcTBy;oT 3Ha~l! (Iink1 j lmk2, lmk~) ~. +, +·+, 
--++;~.;4:,+;-+, +-';-..:.,\.'.:..,-; ..:.+-, ++c_. Torna: uanp,ni~p, H3cpii:inqe~l{O~ o6n:acTH' 

·.' ~ ~ • ' ' i ' :,.: ' / ) ' '· / ' :.' : ' : . ' '. . ' ;\: ''. '. :, .. , ·'.' ·.: ;; "•>< . ., / '• ... : t'.. ' 

'\ 

Ha I _JrncTe q~pes pa3pe3 MI.Ino~MeM ~HlKe [( /{-nopo;a na II ;~cT, BL!llle k K-nopora,·Ho 
. HHJKe 7/7/'DOpora Ha III JIHCT, a BL!Ille 7/7]~II0pora.:1rn' VI JIIICT: . . . . , . 
\ · qTo6LI noRCBHTL. 11p.e.11craeneHne pe3onanc0B na pnManoeLix a·oBepxuocTiix, ci6parn1,1ci 
'cpa3y K 3-1ianaJI~I10lt 3a,!(a'le. l1cnoJib3YR CBOilCTBO eemecTBeHHOCTll aHaJIHTl!'IeCKHX cpyH
Knnlt n 3-KanaJILHYIO yHnTapuocTL, '1iolK1io ei.Jpa3~TL ana~~Tl!'IecKne npo.11on~eHnH 1rnTpn'I-

·1 111!~ 3_n:eMeHTOB s;;/3 Ha necpH3H'IeCKHe JIIICTLI -(L ;=II,11( .. ; VIII) qepe:i l!X 3HatieHHR Ha 

cpH3H'IeC~O~ Jll~CTe. s!/3 (8] .. B T~6n.l · np11Be,UeUIJ ';;oJ1y•1ennLie B~~;}Kemrn, 'Il~HJeM: 'IT06Id 

He :ia'rp'oMolKJJ;aTL ¢opMyni:i, y Bc~x M~~pntmLI~ ~~e~·1e11ros · s!/J. ~ny~e~ ~e~~~Hlt ·u11.11eKc, I; 
> •: • ' , • • • , fl', ' / - l , ' , --•, ' ~ • ' I•;• ;• ( 

I. 

. i .:::.+' i S11 

··1·· 

1,-> 2. S12 

. S22 
·:,·,,.'1 

!.I :..,3 ! .S\3 
,_'. ,,. 

2~3. S23 
,,i '• 

3C:..,3 "s;~ 

, 
1 

' • Ta6.,imia. I .. 
,.· - r ., 

----:--,~ ·-" ~:.c...------"-----,----c-'-'-

II III IV· V 

1 .\ S22 :'n33 -d~tS 

Su j • D3j . S22. -, 1 D11 
- • I _,,,_ 

- iS12 \.'-S12 iS12-.. · i Di2 

.YI 

D1i' 
detS 

-D12 

detS -, s-1-i: .-, · -D-:i3--;:: · "·. -.s-·2-2 ,: -o-. -11-_, .. 

'D33. , S"if I · '~5'33 'Dn 

·yn .. -1 .. .vm 

I 
-S33 • -' D22 ·_ 

D22 -,. ,S33 

iD12 ;' . D12·,. 
D22. ·':Sa3·, 

d~tS . Du 
D22'' _ Su 

,iS13.:-

· Su. 

> D33 · , Szi · . 1 Du· . det S. 

. --iD1~ -~D13 _:_iD13 D13' . -S13
1 

- D33 · .. S22 '/J11 •. 'det 5;', <Di2 ' 

D23· iD;3 .· !823. > -Sz:i'· / -cD23, . iD23 -- ·-- ,-- \ ___ ., ·--
·S11 _D3j S22 . Du;- :'det~,.' ... ·D22 

Dn detS. D11 · s;2 D~3 
Si1 . D33 . ·' Sn °5;; detS 

, Su 1 
'D22 ,. '-.' S33 

.. . . - \· 
--'--'-----.-,,-. -. __ .:......:..----'--'-"-.,,. l . ·.·. :: : 

' / '' "• c \ • •,: , 1 • \ . · .·'-• , ,,. ', , ,' _ . ;, ., 

. det s 03Haqae; .11ere~M~Hall~ 3 X 3-S-M~Tpnu~/na ;!>11:1i1•1c~RO~I ,nnCTi;·; •1epe3 Dop o6i3~aqeH 
imnop :iireMeHTa So/3: T.e. Dn ;=82iS:i~ . ...: SJ3, 

1
D1{,;/, S12S33·:- S1:1S23 II T.,ll .. IlepBaR (oT

qepKByT~) CTpoKa OTMeqaeT JIHCT pu1.1anoeoll n~H~px11ocT11; na HOTOJ)ldi! ~,lleJiaJIOaIIaJil!Tll: .,. 
. qernoe npQllOJI}l{eH'ne: IlepBLili CTOJI6erl y1rn3h!H,i<'1"llp~l\l"CC: 3aMeTIIM, ~ITO JieBhllt -B~px'11ni1' 
yrci; ii Ta6nJ; oTBeqaromnlt 11p~ue~c~i.1 l ,_:_; I; I ~ ·2. 2-> i' 11 ~11craMl,Il,III,IV, .11aeT 1rn1{ 
pa3 COC>TiieTCTBJIOll\He cpopi.1ynLI 2-Ranan~1ioro '11onxo;1i1 [-if. 3r11 eiJpa}Rl"IIH/1 yno6m.i'TeM;> 

\ 'ITO ~aip~'IHL!e. 3neMe1,;LI na I (<}ln3~'1CC:110Mi JIIIC1';: s!;3'1111e peaJihll~l; OCH MoryT. ~~~TL 
':nnllIL II}']!~. ·TenepL HOCKOJ!bK}' B .J:Ka11aJihll01ii. pacO!OTJJl"IIMlf pe3011ancy COOTBCTCTByeT, H3 
. 6JIHlKaltllIHXK <pll3ll'IeCKOlt o6Ji;crn' oco6enn~hen napa conpmKCllll]JX HOJIIOCOB na II Jil!CTe 

(H ~OOTBeicTBeiino' ~apa conpiniteimLIX nynett' H S11 na cflll31Pll'CRO~I miCTe H T~xme rn;rnax . 
·-KO!dIIJieKCIIOlt 311eprn.1r); TO, ripn BIIJIKJ'ICl!llll H _HBUOC 1>'acci-;oTJ)CJiiie BTOpO~o' l{aHaJia. cne: 
; .!IJeT, RaR BH.!(HO H3 Ta6n.1 (D33 := s1;S22-: Sf2), IIOMl'CTIITb 1ia III JIIICTe 110 Kpailnel! Mepe 
. napy conpRlKelllIL!X 'IIOJimCOB, cMemeHIUJX' OTIIOl'll'f;~·Jr'huO. IIOJIIOCOB na. II 'JIIIC~e. ·. BcJIH'IlllHI ·· 
cMelllCilltH onpe.11eJIHeTCR C~J!Olt CBJl3IICC '!aCTl!llaMH u'T~J)OfO Raria;a·; -~ 'Rlllllb npn IIOJIHOM , ' 

'OT~)''l'CTB~H CBH3ll MelR.Z\Y KaHaJia~n. (s12 =:c'o}110JI1oc1j na -m :JI,l!CTC pac~onararorrn'i~mo '. 
no.II IIOJIIOCaMn. na. II JIHCTC .. EcJIH pe:1oriauc. B. 2-1rn11aJIM!Olt. :iana•1e. npaK'l'll'leCml II~ CBJI~ '-, 
3al! C YJaC~HnaMH uep»oro IlaHaJI~,J'o eMJ COIJOCTa~Jlli'ei-cR. 1iapa COllj)}\lKeHIIIJX IIOHIOCOB Ha 

• , - • 1' ,, , . '•, '< ' \ "•/ .._ •, \, , I ' 
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lV,_JIHCTC (11 napa conpJllliennux nyJJeJ! B S22 lla,!•JJIICTC.B TCX llie TO'IKaX KOMnJJeKCHOJ! 
:meprmi:) 11 napa HeCROJJLRO CMemeHH_LIX noJJIOCOB

1 

na, III JlllCT~. 8TOT BTopoJ! cnyqa'J! JICHO 
noRa:JLIBaeT\ RaKHM o6pa:ioM pbonaHC! Hencicpe11crse11110 ne CBJ13aIIHLill C. qacmnaMll npo~ 
necca ( Ha1;1p11Mep l 7, 1), ·MmKeT, B_JJHIITL _na· aMnJJHTYJlY · noro · nponecca 6naro.itap11 c811311 

Me}!{]ly RaHaJJa~rn/ o6ycJJOBJieHHOJ!, nanpni1ep, .B03MOmi'u.MH 11PYrHMH o6uiHMH pe3011ancaMH 
RaH~JJOB, BJJ~IJIHl!eM nepeRpeCTHLIX RaHaJJOB. . ' : • ' ' ' 'j . . ' ' .. ' 

. lfraR, MOlRHO Bll]1CTL B' 2-RaH~iiLHOl! 3a11a~e,'1T~ no rnoco6y npe.itcTaBJJeIIHll,na puMa- ' 
HOBOJ! J_IOBepXHOCTll cne.eyer pa:im!'IaTb TpH THna' pe3011a'1ico·~:...ROTOpLI~ COOT~eTC!BY~T: (a) 
napa conp11llieHHLIX noJJIOCOB Ha II /IHCTe 'n Il03TOMY na'pa conpHmemiux nynelt lia } ni1cTe B 
S11','(6) rrap.t c6npH~{eHHLIX no;;IOCOB Ha IY JJHt~e 11'no3TOMJnapa conp11me1m11x'Hynel! Ha I.' 
/Il!CT~ B S22, (u) no nape conpnmeHHLIX OOJJIOCOB'u~ II ll IV'nnc~ax, ~.e. no'rr~pe co~pJl~~H
HLIX HJJJel! na qJI!3ll'IeCKOM /ll!CTe'ii S11 ll B S22.,·B IIOCJJe1111eM cnyqae (a OTRH'Ille OT rr~p~LIX, 
11BYX) pe3oHaHcy Ha: III /IllCTe -~o'oTBeTCTBJIOT ]1Be napu .conpmKeHHLIX 'nomocoa; !{ClTOJ>Lle,' 

, , 1 · •I , , '. ,,', ;, I _ •. ' .,j . \ ".' 

KaK_ pa:iyMHO o,lliII]laT_L, pacno11ara10Tc11 ,conp11llieHm,1MH KOMHaKTHLIM~ KOMn
1
11eKcaM11.. , ,. 

:. AHa11ornqa11M o6pa:ioM, B _3-KaHaJILHOM cnyq~e pe3oHancy 1npocTeJ!wero Tnna_· cooTBeT
cTeyer riapa' conpnmeim11x 110/IIOCO_B Hil, II /IHCTe ( H nonpMy 'na'pa conpll}KeHULIX Iiynel! ira I 

'/IIICTe.H S11).' Torna 113 ra611.l Heiie1111emio llony'tia'e~i 'pacnoJI~}!{Cline noli:IO~OB n 11ynell, ~6-
0TBeTCTBJIO!Ul!X 3TOMY pe:mHaH~Y, iia ~~~li 8-JIHCTIIOli JJIIM~IIOBOlt n6eepXHOC~~:. Ha /lll'c'fax 

'' III, ~I II .VII HaXO]lIITCJI ~o nape conpmKeHIILIX liOJJIOCOB: CMeiueHIJLIX npyr OTlIOCIITeJILHO 
, , .' .', ',' ,, , 'I . " . , _,_,,, , ,, , ' , , ... '., . , , ',, , . 

npyra II OTHOCRTeJILHO Y¥a3aHHOl!,napL1 Ha' II'n11cTe. Iloirnrno, .'ITOB 3-KaHaJJLHOM cny-' 
qae cneizyeTpa3HJl'IaTf 7.1nrri:>B pe~onaircoB 2 Hymi'M~ H~ q:,Jj~~eCl(OM RHCTe B (a) ,S1~, (6) 

·I . . ' . ' ' . , , ,, , . , ' , . ' 
1,S22, (u) S33, (r)S1i II S22;:(~) S22 !'f,S33, (e) 'S11 11 S:i3, (~)' $11, S22 n S33:, Hanpn-
, Mep, e'cnyqae (m) pe30H3.HCY,COOTBCTCTB)'eT no nape conpHlKeHHLIX IIOJJIOCOB Ha II1 IV II 

' 'VIII 1JJllCTaX B TeX }!{e TOqKax KOM~JJel{2rroll ~11epr1111,' 'ITO H. 11y~u Ha I /IIICTe; ia III, .v II . . 
. ' ' .. ' \' ,., '. . . ' ' !' ,' j , J ) f 

v,II I Jll!CTax..:110 nee napLI 'coripniK~HH~X IIOJJIO~OB l! \ia y1 J:UCTec-TPI:I. ~apLIIIOmocqe (co-' ; 
HpJ1llieHHL1e KOMIIJJeKCLI Il3 Tpex noJJIOCOB). 9TIIM, Ua]lO IIOJJaraTb; l!C'lepnLIBaeTCII pa:i6neHHe 

'MHClfOJ{aHaJILHLIX pe3~HaHCOB' H~ TnllLl,. IIOCl(O~bl{)',~a,11•1a ripe~CTaBJJCHll/1 pe30HaHCOB 61II-
• lliallllIIIMir oc66eirnoc;JIMk aq:,q:,eKTIIBHOi ecer.zia' ~IO)KeT 6LIT-;, '. cae11e11a' I{' ,YR~3~1Ili111t cnyqai!M ·, 
(K 2- ~~~~imaJILHLIM) .. 0TMeT1n.i, qTo TaKoe 'pa36uenne p~30llancoB na,rnni.r He q:,opMaJJI,Ho: 

,HaIIp'1rnep,'.11 CKa/lllpHOM ceK~ope Tlln/ (a) COOTBeTCTBJeT, Bll,n.llMo, pe:iorranc·:fo(975), a 
0]1HOMY 'Il3 TIIIIOB 6ea uynel!: Ha I JJIICTe B S11--'pe;onaucf~( 1590).' 8i11 pe30HaHCLI 0611a11a10T, .. 

' ~qe11L pa:i~ol! KX.ft-11pI1po11ol!. 1Ilpe11cTaBJJIICTCII, 'IT6 naJJb;lelimee l!3J'IeHHe :mi~ BOll!)OCOB. 
.: MQ}!{('T ~aTb'ld0)leJJLHO-He3aB~Cil!dLICJKa3alilrn ;1a• IlJ;l!f;011Y' MIIOr~;{~I;air,1111x,pe3onarrcci~ ~~ 
I / < ' ''; ' ._ '''' ' ' • < • ,' '• ',', ./ > ', "t' f ~·; ' ' ; ' , ' ·, ; , • •. •· \ _/. ; '. 

' OCHOBe IIX IIOJJIOCHOro npencl'aBJJeHHJI na pnMaHOBLIX noaepXIIOCTIIX. " ,• 
1 

,' .· , , ' \ 

T~K!IM o6pa:i6M, MLI'ecTeCTB~H~O npirn~J K 11pe,ncTa~JJe1i1110 pe3611~1icoe
1

i;a priMaHOBLIX . 
'noiiepxR~CTIIX J{~ldIIJJeK~HO·c~npJI}!{~lllllJMll l{JJacTepaMll 'll3 IIOJJIOCOB ll nynell. 0TMCTIIM, ~TO~ . 
B p~60Te (24)na OCHOBe a~anornqnoro 11pe11craanc1iirn 11cc.rieiioiian11cL 1i,y1ino1111L1e Il306apu/,' 
Ta1me. npe~cTaB/IeHlie .pe30HaHCOB rrapoli COfl[)llll(Clllll,IX \ RiiacTepoa' H3 IIOJIIOCOB 'Il nynelt; 

' ' yqIITLIBaeT BJJllJIJIHe KaK OTKpLITLIX, Tali ll 3aHpLin;x' 1<a11ano~: ' HaiIOMIIUM; qTQ peqL 3]1CCL 
II)l;eT o,6/Ililliattmnx I{ qJil:Jl!qecimJ! o6;ac~H IlOJJIO~a~,'°on'pe11eJJR101I.1Hx' pe30llclJ!C,· ROTopJJe 
He 3aBHCJIT ,OT' KOHKpeT11oro BII]l~ nponara·ropoe·, .· 1icno;1{;yeM:ir~ B pa3JJll'IHLIX, MO]le/lJIX, ~o _' 

, ]10Jl}!{HLI 611Tb 'o6IUIIMII ]1/lll irnx Bcex;_' . . _ , • , , · ... ' · .. • , ., '_ ·. . , 

B006111e q:,opMJJJLI Ta6n.l ]la!OT peweulie MIIClfOKilllaJJLIIOll ;aitaqn B TOM ~MLICJJe·, q:ro npii: 
· 'oripen~neHHOM 11pe1111ono»ie~I1ll' OTHOCIIT~~bl;O 'cpona. :Uam' B~3A!O}!{iWcTL 11pe]1CRa:JL1BaTL. Ha 

OCHOBe 11a11111.ix 110 O]l~OMY nponeccy aMIIJJ~TYJlLI ca11iaiinux Hf>O!leCCOB:.l{eltcTBIITeJJLHO, Il3'., 
.- • '•, (. ,, '. ' '••, \ • I - ' ,.._ , ~. J • ' • ' ' / ,;• •• • • ' ' •-' ' - • :, • ' 

Ta6n.l .Bil]1HO; qTo noJJIOCLI.B MaTpnq1111x '3JJeMeHTax Bcex CBll3aHHLIX npouecCOB pacnono-
1 , • , ,, , ' , ; '! '! ', ',_' ' ! ,,' \ ,,I • .' ' - ~- • '• , '-'. ' ; 

llieHLI Ha 0]1HIIX ll Tex }!{e JJIICTax ll B 0]1IIHX,H Tex }!{C TO'IKaX 3HepreTH'leCKOl! HJJOCKOCTII, TO-. 
rna KaK cooiiieTCTBJIOilllle HJJJH B MaTpnq~I,IX 3JJeMeHTa'xnpoueccci~ ·pacceJIHIIJI IIC~LIT~Bal~T · ' ' 

\•. ', ' < ', ' ·\ • • • l ' •,'; , .- • , ': \' , . :- \ :, J ;- .' ;•, ;'; •,• • ', ': •·.'; :,-• '~ ••) .'..;'·' '.. .• ,•:-, j''. ,' I; ' '.•,• ,., .. ~•:. i 
l 
1 

I 

I•.,, ·-.. 
J • • 

M!Irpaunn C JJil2Ta aa.JIHCT JKa3aHHLI~ o6pa~o~. IIoaTOMY, yqIIT~B~ CTpyRTypy pHMano-
' , Boll HOBepXH?CTH JIOCpenc!BOM OT06pameHl!ll ee Ha HJJOCROCTL n nap_aMeTpH3.}'JI MaTpnqH~ll 

3JJeMeHT 0]1HOro nponecca pacce/lHIIJI IIOJJIOCaMH II HJJJIIMH, COOTBCTCTBJIOl!lIIMII pe30HaHcaM, 
IIOiJOllieiile ROTOpLIX 011pe]1e/llleTCJI aaaJJil30M ]laHHLIX IIO 3Toidy IIpO!leCCJ, MOlliHO 3aTeM C 
n_OMOIULIO Ta6JI.l IIOJJJqIITL. Hpe]1CKa3aHHII IlO.CBll3aIIIILIM 1IpOil~C~aM pa2cel!HIIII; ',,. .. · 

. _, .l{/lll 11onyqeHI1J1 TaKHM MeTOJlOM .»11pameu'iill ·11nn MaTpnquux · :ine:r.ienToB nponeccoe nepe
xona Me}!{]ly RaHaJJilMII (S;;, i c/, j) aymno paCCMOTpena11aJJHTHqecKI1e,11po,noJDKeHHJI Ha Bee 
JJIICTLI KOM6I1aanI1it S;;S;; - S[;· 8To 11eri{O MOlKIIO C]leJJaTL, IICIIOJJL3JJI :ra6n.l, C IlOMOl!lL~ 

· npocTLIX ~nre6pa_I1qecKI1X _011epanI1lt II y6e11HTLCJ1, qTo 11on10c11 B no:1y'leHH1lX BLipame11HJ1x 
pacnoJJOlKe1111 Ha TeX }!{e /ll!CTax II B TeX }!{C TQqKax, 'ITO H Y, MaTpI1qa11x 3JJeMeHTOB paccMa- . 
TpI1aaeMLix np~neccoe, HJ/Ill ~e 11epe1;1ocnTcii onpe11enean11M o6pa:ioM c JJHcTa Ha /ll!CT Il3 

·. a11aJJI1TI1qecKI1X 11po110JJ}!{e11nl! MaTpnqH11ic 3neMe1iToe npoueccoii paccenaI111,. 11anpI1Mep, Il3 
Si1 (Ta6n.2, OIIJITb OIIJl!leH Bepxnnl! HH]leKC I y iicex .3/IeMeHTOB S-MaTJ)IIIlLI): 8TO 611no CJ1~ 
."'.. ' . . . ' . - . . .. ~ '. . . . 

-· 

I, 

. - 2 ·. 
.S11S22.-:-:S12 "'D33 

S1~S~3 ..:..·s;3 = .D22 
I-.'\ 

S22S33 -:-:Si3 "'
1 
Du· 

',. 

II 

I 
,,, Sn 

S1i 

s33. 

S11T 

:_detS 

.Su, 

·' 

',..\ ,: 

1'~6.;1,u~a 2 

III 

· D33· 

'Di1 · 
D33 

.. b2;_ 

D33 

IV V .. ,· VI 

Si1- · D22 - · · S33 ... 

S22 {!11 ·· _<let S ·' 

det S · 'Dj3_:.. S22 
Sn ~~ D11 · ' <let S . 

Si~ >1-

s22' ·.Du· 
·,:·s11 

detS 

VII 'VIII 

Du detS 
D22 .. · S33• 

I .• 

.I' · S11. 

:D22 S33 

D3j 'S22 
• , I 

D22 ' S33. 

nano HaMII B · 2-;aHaJILH~~ ~onxilie [4) nmi rton;,1eu1111 11pe11cRa3annn nil np~neccy' 'Ir; -+ 
'I< I< Ha ocHo»e 11aH1111x'no 7!7r"paccenHI110. · · , · · 

3 . MHorom1'.aaJI~~Lie' p~3()H~HChl B .K-MaTpH:Qe • 
• , , ·1, ' 

: B IlOJJHOlt K0MaTpHnepe30Haii:cf'npocTettmero Tnna. (TOJJLRo\: 0]1HOlt·napol! noii10co11 Ha • 
· cooTBCTCTByiol!llI~ '/ll!CTax, _T.e. , c napoJ! aynel! na I JIIlcTe TOJJLKO _B ())(HOM MaTp~qaoM, 
3JJeMeHTe S;;) ·coOTBCTCTBJCT e,llllHCTBeHUIJlt HOJJIOC ,na peaJJhHOll OCH;, Pe30HaHCLI .npyrnx 
THHOJi onI1c11Ba10TCJ1 11BYMJ1 ·11-.ziame TpeMJI non10cai.in .(Ha11p11MepJ Korna n,ynir H~· I /ll!CTe 
eCT!," B M~Tpnq~LI~ 3/IeMeHT~X 11BYX CBJl3aH~b!X nponeccoB ~. lI,BJMJI nonioc~Mll ira p~aiILHon' 

- ocn): ...... ·. ' ' ·• . .• ..• ' _·' "- . · .. ,. ' ' . ' \ ~ ( 

01111a~o MI!OfOilO/IIOCHOe ~pe]l~TaBJJeHl!e pe30Hanca' B K-MaTpilne B03HHKaeT He TOJJLKO ' 
., ,· - . . ' . -- . .. . ·, . . --· '. . 

]1/lll JRa3aHHLIX BL!llle Tl!HOB pe3oHaHCOB, 110 II B pe3.}'JJLTaTe BJJIIJIHHH BalliHLIX 3HepreTilqecKH 
3aKp~TLIX R~ii:aJioB. IloJl~HIIM. 3TO iionpo6aee. .' , , , . : / , . ._·. •· . '° , 

'. B CJIJ'!ae·N:RaHaJJOB CB113L J{~MaTpIIIlLI c·S-MaTpilne.11: naerCJI COOTHOHieHileM: , ', 
. . _- . ·--· ._ . . ' - - - . . '' .. , '·' , 

.. - i·+ ip112 Rp11i 
S"' J - ip1_l2 Kp'/2' . ·. (l) 

' .. 

:,·,\.,. 5 

>-



r11.e.p;; ~ 0 (i,i j) , p;; = 2kJvs:, k; = (~/4 _: i/if>112• : .. 

, lfa (l)JierKo noJiy'l11ri., 'ITO K = Ki;, r.e. K-11arp111ia 11e '11cmuuuaer CRa•rna np11 nepe-
x:011.e qepea yHnrapHue 1I.Byxqacrn'IHL1e pa3pe3LI,. n 'nonioeu, eoornerernyiomne peaonaney, 
pacrroJJ:oJKeHLI Ha pe,aJILHOJf oen s: IIJIOe;;,~ern. ' C ' ' .. ' ' ':, ' ' " ' ' ' '' ", ·-

'1>aKTH'leCKll MLl ucer11.a ii:iieeM '.neno C HeROTOpon' peilyruipouanuol1 /(-iiarp111:1ett, Kn; 
_IIOCKOJILlty II.JIii 11.amiofi peaoHaHrnofi 3Heprn_H OTRpLITLIMn JIBJIRIOT~JI M~RaHaJI~B; oeraJILHLie 
N-M-Kananou aHeprer11qecKn 3anpemeu11. Cun3h pe1J.Yu11poaa11uol111arpi11i11· Kn c nonnol1 
K~Marpnnett 11.aerCJI'COOTHOilleBHeM [21):,> - . . . 

(Kn)i; = /;;; + iKia((/ - i;Ky-1~a/JR13;; (2) 

'·'r11.e; 111~-~6oanaqaroT no~aTpnn11, OTH~~nn.iiiecn K 3allpldTLIM KanaJiaM, 1,J =:" 1, · .. ' M 
OTHOCHTCH K OTJ)RJ,ITUM RanaixaM n a; /3 ,; M + 1,,::. 'NcoOTBeTCTBYIOT 3aKpLITLIM KaHaJiaM.' 
IloHJITHO, 'ITO ,,p·eaonaHeLl MoryT o6pa30BaTLCJI Ra1' 6mironapn' pe:ioHaHeHoMy B3<lllMO)lei1-· 
• - ,. ·• I . . ' - .- - . ·: ·- - I • ,. ' • ' 

CTBIIIO qaeTllll B OTKpLlTLIX KaHanax, Tai( 11 BeJie)leTBl!e nponeccoa B 3aKpLITLIX )(aHanax. B 
nepBOM'CJiy'laeKa>K)lLifi 3JieMe~T-IIOJl!iott,/(-MaTp111lU,ll11ee:r IIOJIIOe Upll neROTOpOM peaJib!IOM' 
3Ha'leH!ill aneprnn S = m 2; B ,OKpeeTHOCTII, 3TOfO llOJII01Ca \,10JRIIO ;an11eaTb •· ._ , 

,.. - .- • I l • : ~ , 

, l;; " ,g,,gT ,, ( )' 
_ · \.Ur = ,---· -

2 
+ a,.,.r; s , 

:' 'S-m .. ·· 

"'.--(' . 

'(3) 
' - -

. r)le 9u,g7 ,--KOHeTaHTLI.eBJI3ll pe30HaHea e _'laCtHUaMl! ,ffrRpLITLIX ,II 3aKpLITI,IX KaHaJIOB_ 
{u, + = -1,:. ~,N);~an(s} ': HeKOTOphle nnaem.ie !pOIIOBUe-'ipy11muii1.'' O.zurnno 3TOT no-
,JIIOe OT-eyrerny~ u 1{.n:MaTjmne; TaR RaK Bld'IeT B 'HOM rroni~ee e Bldpal!<ellllll (2) paBHJI~TCH · 
~ymo, a IlOJIOJKeHHe IIOJIJOea/eocJ':rBeTCTBYK>Uiero pe301m1cy, n~pe11opM11pyeren iieJie)leTBile 
BJIIIJIHIIJI :ia~p11mx KaHaJI~B, -6one'e TOro, .J~e30~1am:' OllllCLIBaeTeJI .· HeC1'0JlbKll!.III 11om6cai.111: 
HanpnMep, B npe.!(IIOJIOllieIIllll-llpene6p~lI{l!~i~ro '.cj>ona ( O~r =, 0) no.nyqaeM, IIO)lCTaBJIHJI (3) 
B (2), ' . . . . ' . 

- (R;);; = . . .. g;g; · . . (4): 
' ' 2 '+ -.;:-N , - 2 I I ' ' " ' s-:- m ' L..o=M+I g,, Po 

PaceM~Tpen11~- cpoiia H": ~~~er _3a1'nro~'en;~ o;noc11TeJibHo nonioea np11 s .= m2, TOJILRo 
HeCKOHbKO yeJIOJKHJieT cpopi.1,YJILI,' HanpHMep, B 2-I\allaJihHOM cny,iae C 3aKp!HLIM RaHaJIOM 2· 
npll nan~'lllll cpoHa ,6yneM IIMeTL. · · · · · · " -

(J{~);i ~ g?(I +IP2l022) - IP21[2g1g2~12 + (s -1n2)~f2] 
. ,s-,m2 + IP2l[gJ+(s_-_m2)022) :_ -, - (5):' 

lfa ( 4} ·n (5) MOJKilO BH)leTb, :'ITO Jlllllb;Rorn~ 'pe3onauc He, eBJI3all C 3aKpUT;,;MII KaHaJiaM11, ~ ·.· ' 
i /(Ji-~aTp11ne m,rneTCH non,10e rrpi S ·,;,,, m2• -Honam~ llpll ~aJILIX KOIIeTaHTaX eBJI3ll peaouanea 
. C 'qaernnaMII 3~KpLITfilX :KaH~JIOB 'oH' npencraBJIJICTCJI neeJ{()JI~miM11 '~0~1ocaMn. -( OT~eTl!M, 
>iTo rra rrpaKTl!Re 3TH CBJl3ll rrpOHBJIJIK>'feJI B np'oueeeax 0611ena, pe30HaHeaMII B peaRUl!JIX, ne~-

- peKpeeTHLIX K COOTBeTCTBY~IUllM 3ilKpLITLIM )(allaJiaM.) TTocJie1J.Y1~11i~e JIBHOe p~eeMoTpeHne 
6onLmero-qnena Kanan:ciii. ( c coorneTcrByiom11M paem11pe1111eM-paectrnTpirn~eiroit anepreT~-, 
qeeRCJlt o6nae~n) yMeHbilll!T 'IIICJIO •noJIIOCOB, rrpeneTaHJIJIIOJUilX na11H1ill' MnoroRa~aJibHLlfi 
peaoHaHe. 'B'.'laCTIIOeT11;.11mr 2-RaHaJibHoro'pe30llauea ii 1;1'a!I1l/lLHOM paecii0Tpen1111(¢op: 
Myna(5)) IlO ;itpalhrefi Mepe )lB~ IlOJIIOCa Ha pe~Jibl!Oll OCII B ORJ)CCTl!OeTII m 2 OillleLIBaJOT 3TOT 
pe30IIaHC. Ilp11 2-KaHaJILl!OM paec:MOTpeHIIII (y ~ilOJIJJOiln K-MaTpllllI,l) 6y.neT, KOHe'IHO, 011.1111 
nonme IIJ)II s = m2, HOTJlll'IHe OT ~6ey}K)lae111eroc:11 euii1enoJimKe1111~ C pe3oHaHe~M-Tl!IIa (11). 
Paao6paTL~ II 3TOit cnTyan1111 iroi'imo Jllllllb, 113y•ian n~moeno'e npe11.craBJieH11e peaonaHeOB 

, c )Ia pnMaHOJlOfi ~o~epxHocr11. ,Z:(nii 3TCJi1 nen11 MLI u'cnonh:lyeir riponelJ.YPY y1111cpopM1l3an~11, 
, OTo6pru1'an pnM~HOBY IICJBepxnoeTL Ha IIJIO'eiwcTi.; . - . - ' . . ·, .. :,,,< ' ' ' - , 
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3aMeTnM, "qio, RaK ,Bl!lI.HO Il3 (2), no.rime B Kn-Marpnue 'iwJKeT ,B03HllRHYTL ''raRJKe B 
enyqae, Koma aneMeHTLI 11onnol1 K-Minpnuu 1;e, ennrynnpnu .. Yen~siie 11.JIR raRoro nonroea 
ec'.l'o , . . ,, . --i:. • .~. ...... , • :1 , ,. , . .. ...__ , 

,- !, detU+l~R),,;_o. (6) 

. 9TOT IIOJIIOC B Kn-Marp1iue cyrn;eernyeT,,H~llpllM~p, 'e~JIII ~~eT~ULl'B Hal!HJI3illeM 3a~J)LITOM 
Kanane·npurnrmia10TCII: 11.pyr R 11.pyry }lOeTaTO'IIIO eHJibHO, 'IT06~ 'o6pa30BaTL CBn:3aHUOe CCr 
CTOJIHHe; npn yeJIOBllll .'ITO eB/13b Me}KlJ.Y, 3aRpL1TLIMII. II OTKpLITLIMil RaUaJiailll CJia6rui. 3aMe
Tl!M; 01J.I1aKO, qTo BLIIIOJIHeHlle OJlllOI'O Il Toro,n{~ ycJIOBilH (6)·Tpe6yeTCH Jl~ cymeCTBOBaHH~ 

' · pe3onaneos, • o6ycnoa'nennLix npciueceam1 . n a. OTKJ);,;TLIX, u B 3a'KpLITLIX. naeanax:- qor611 
pa3JIH'lllTL. 3TH ciiyqa11,· onHTb nymno 11ccne.nouan pacnpenene1111e nonio.cou na p~MaHo~oit 
. . . . .. . ' 

,IlOBepXHOCTII. 
' '· 

,4' IlapaMeTpH3atinsi .·H a1rnJIH3 3RCrrepHMeHTaJILHLIX 
- • I - -

-,.z:(aHHLIX 

x~;~- cpopMJJI ;k6nnn 1 II 2 '.!(OCTaTO'IIIO )lJIJI' noccranoeJieHHH no ll3BeeTUOMY B11paJKe11n10 
.ziJIII MaTp11>iHor~ 3Jl~MeHTa O)lHOfO npouecca MaTpll'IIIJJX 3/leMe!ITOB ;eex eun3aHHLIX npo
neccoB, o111aRo'yno6H-O )lJIJI 3TOi1 !leJIJi, II oco6c1I1io ltM<'Ji B BH)lj' B n'am,iiellme1i e-OBMeCTIILli1 ' 
a~aJIH3 3Kenep;rneHTaJihHidi ,uaHJlldX~IIO eBJJ3aIHIJJM npo11ceeaM, 1!2uoJib30BaTL· TaKJKe eoo-r
nomei11111:JJe, KyTo-HLIOTO!Ja (22), ROTOpLie·1fo11na1m1ci ·iJpencTaBJIJl]OT Bee euol1C~Ba; -naua
eMLie cpopMyJiaMn Ta6n: 1 .~ 2, II BLIP~}K3l0T a~111JI11TY/l.l,I acex'_ ~BH3aHilLIX; nponeeeoB' qepe3' 
.!(~Tep1111HaHT iiaTpnnu M_cieTa (nJIR 1ipoe~oTld-:<l>YIIIUl~JI Hoera) d( k1, k2~ • · •) ~ d(s) - Be: 
meernenHo aHaJI~Tll'leenyw cj>ynRUIIIO c en1111c-rse111I1,1Mu Rop1iee1rn11 io'l1'aM11 BeTBJie111111 mi 
noporax rrponeceoB 'rrp11 k; = 0. 'Burne ~II,!. J}J(C on1c•1ai111, '.•ITO Y,ICT 'CTPYRTYPLI pnMan'crnoll 
-Il~BepXHOeTll'ocyiuecTBJIJleTCH ui'.i6~poM y1fr1cjicip~11/1i1p)'I~Ulell 11epeMeJ]I10ll:,-B 2-RaHaJibHO'i,;:; 
paceM, OTpen,11n TaK, on rr'epeMeHHOtt .Moit{e'l' 6u-rb cjiy1imu1JJ , '.' - - ', ' ' , -· ~ . - ' \,• - ' . , 

. , - . , - . ,.·', ·. / ·, ~ ~ (k; + k )/(1112-- ;1/)112 > - (7) 
.' \ •~ _: C • "/(_. ,.,:. ,_,_>.••2 "<,:'-.,,:r -·.'•~ ••. • • _,•• ' 

KOTOpan o1'o6paJKaeT BCIO 4-ixncrnyio p11~1;11otty nottq>XIIOCTb na IIJIOC1'0C:Tb (plic.1 ). Cooieo~:: 
"- -- •_,, >·_.:· . - - ,"·. :_ ; :.·· ·._ ' ·1. ..... __ ,_• ,~ ' 

Rez 

, PIIC0 .1: ', TTnoC1'0C'fh yHncpop0
: 

-·_MH311pyio1uell nepe11e1111on z.' 
P11Me1rnMi1 . ii11cjipaMn ·.06i>311a-· 
•1e'in,1 o6pa3LI JIHCTOB pnMaHo
B~ll noeepXHOCTH. 2-RaH~JibIIOtt 
:S'·Ma:rp111u,1. }l{np1mll· Jllllllle'n
y11a:ia11a cjJJ1:iw1ec1rnii o6nacTb; 

-TO'lim i .II : r,.,cooTBeTCTBenno 
irir-,, · I( I( -'noporn. ,- -Ilomoci.r-., 

(_*) 11, i1yn11· (o) npeneTaBJIJJIOT 
peJonaHC'_Tllll<l (a) e'Su;'no-. _.....__ . ,· - ' ' 

' moe II HYJib ua MIIIIMOi1 oen an-
11p0Hel!Mllpy10T cjlOH_- , . 

. ... ' 

meHllJI JI; Kyro-HLiorona l!MeJOT, ua Z-IIJIOCHOCTII ~i1eny1~in11ll Bll)l [4, 23):· 

· . ~ d(..,-:z::1}, ·<;-. :._ d(=" 1 ) ·/ <;. _ 2 _ d(-'=l--
/:1- ,d(z) , q2 -:_ d(=) , ~ II• :2 . S12 - d(=) 

~' 7, 
_,.,,f' 

(8) 

, I 

\_ -



· Tor.na yc)!oime p~aJibHOtl ;iiaJil!Tll'inocn(o:ii1a•·lilC'T 
, . I• 

d(~=-i ~\h~i. (9) 
t 

lI.llH. BCeic· z, H 2-RaHaJILHaJI YHHTapHOCTL Tpe6yer BldllOlIIICIIHH cneJzy!Oll{HX COOTHOilleH118 
·. ".nrui,311aqe~118 Z B !pll3H'leCRolLo6JiaCTH: , , , 

ld(:.z~1 )1 ~ ld(z)I, · :ld(z-1 is jd(z)k Id( C:.:z)I = Id(;),. 

'Ilpe)lCT_aBlIJIH i~yHRil~~ RaR d ~- dBdr~ ... r.ne~_· ' 

(10) 

"-_· 
dB= iz:" 1(1+ iyo'.=) •(- (11) 

OIIHCLIBaer <pOH, a pe3oHaHCH1UI qilcTL iiMeeT BIi;; 
'/ 

· .. M . 

.d• .. - 2MIT(1· • )(1. . )·(1·. ,. )·(·1· ·, ) 
re• ~ z; - . - ~nz + ZnZ - ,:.--.z'IL z .+ Zn~ (12) 

n=t,·. 

(M:-:Ronn~ecTBO p~.3oira~coB; o.n110 311a<Jeu11e mi,ue11~~ n coo'-rseTSTiiyeT o,uno~y pe~~HaHcy), 
nerno noJiy'IHTL B11pameH11e·.zilIJI Sn, yme 11cnon1,3oiias111ecc:11 11aM11 npH anaJIH3e 1r,r-pacce11~ 

' \HHJI, ll . .!llIJI '.upyrnx MaTpH'11111lC3lICMCHTOB.".TaH~e IIJ)PJlCTaBlICIIIIC (12) '.n)JJI dr.~ COOTBeT
CTByer pe30HaiicaM ,THna. (a), B _cnyqae pe3011al1COB ,upyrH

0

X THIJOB BHl\OH3MeHCHUe npe,u
CTaBJIC~IIJI ,!llIJI dre, O'ICBH.nHO (B CBeTe o6cy»i.neHHJI a 0

pa3:n'.2), a ROHRpernLitl BLI6op npe.n
CTaBJICHllJI ,UOIDKCH. onpe.nelIJITLCR. a·aamI30M

0

: 31{CIICJll!MeHTaJILll11X ,ua11111.ix. KaR· H3BCCTHO, 
7l'7l'-B3allMO,UetlcTBne RBn'iieTCJI npaRTl!'iec1111 ynpyrnM BlllIOTb ,uo l{I{-nopora, BKJia,u MHoro
'qacTH'IHLIX COCTOJ!Hlltl ' ( 4ir' 6,r) npll 'cospeMennoll T0'!110CTH 3~~nepiiMCHTa npeae6pemiIM. 
!Ha pnc.l H3o6paJReH11 UOJIOH{C;llR IWJIIOC(ll; (*) 11i(ynell (o), npe,U.CTallllil!OlllllX:pe3011auc 
rnna (a}"B Su; HOJIIOC 2-ro nop11,u11a li, coorneTCTBYIOll(llfi '11ynb

0

1Ia MIIHMOtl OClf ,ualOT qi'ou 
,B Sn (,nlIJI .dB:<popMyna·(ll)). 'CHMMeTj)HJI UOlIIOCOH H COOTBeTCTBYIOllll!X HyJietl OTHOCll~ 
TeJihl!O ORp,Y~HOCTH 06ecne-iH11aeT ynpyryio YllllTaJ)HOCTL Su BllJIOTb ir.of(/_(-riopora; EcJIH: 
611 S~BOnHOBOe if1r-pacce111me OCTaBaJIOCL ynpyrirnu HL!Ille I( K-nopora,,To IIOJIIOCLI it '11ym1 . 
61.iJIH 611 CHMMe~pnti"a11 <>THociITeJILHO p~aJIL11on·~~11.;Hapy111ea11e non c~m~eTpHH rrp11 Bu~·. ~ 

'noJIHCHHlI ycJIOBillt (10) .u.aer,Tpe6yeMLie 11eynpyrocTb Sii,H 3Toll o6nacTH ii 2-KaIIaJILHYIO 
'-= yailTapHOCTL S-MaTpH!~LI. B.(12) Zn If z~ o6oaHa'rnIOT nonmKeH!t~ i1yneJt COOTBeTCTIICHHO B 

Bepxiien H HlIH{Hetl z0rroJiyllJIOCROCTll ,UlIR peao'irnni.:'a ~n"·T11lla (a) B MaTp!i'IH~M 3JICMCl!Te 
.ivm npcinecca C llal1Hll311IHM noporoM Sn. C 3THMII tpOJ)MJJlaM~ (8~i2}'uaM11 6LIJill o6pa6o

'• ··Taa11' no Me'.ro.ny: MIIHl!MyMa x2 a1icnepl!MCHTan1,11Lle Jlam;iJe no ll30CKa_JIRf)IIOMY S~BOJIHOBOM/ 
,r,r-pacceJ!HlllO B' l!HTepaanax 0,6-l,89f,B H\>T nopora ,uo 1,89 f38 [4, 27). B nepBOM cny~· 

; qae HCIIOJII,30BanncL ,uanu11e lf3 pa60T11 [25]' 80 BTOp011'-,1(cnepllMeHTaJibl!LIC TO'IRH 6paJIHCL. 
ll3 MHOrHX pa60T [25, 26] ." B o60HX CJIYtJ.a11x ii1rn YJlOBlI('TBO])l!TeJiblIOfO ~1111ca111rn ~a3LI og 

. II rrapaMeTpa ynpyrocTH 1/g OKa3aJIOCL .!lOCTaT~•iuo ,UB)'X pe30H.aHCOII (x2 /cT.~B. ~ 1, 00 ·u .. 
1,04 COTB«ITCTBCHHO ): 611JIH ·ycTaBOBJleH).,I CJie.zzyJO~lle .11bi10me1rnn 11y11ell ~Ha z-~JIOCROCTH; · 
COOTBeTCTBYIOlllllX pe3oHaiicaM "l"· 11 "2'.'; np11'.a11an11:1e ,uami'11x B IIHTCpBaJie 0,6~1,89 faB:, 

,. ' . " . -. . ' -. . . _,._ -

. z! ~£;2281-t o, 15318i,_ A."" o,129s4 -::.o,241~6i, 

• Z2 ,;,, 2; 8933 + 0, 59804i,. 

( H;JIL; COOTBCTCTByiom11(. q>OHy' ~o ,;,, 1, 2634)' 
B llHTepBane OT1l:opoia .no 1,89 f3B; ' . ' 

·. --· •' . .. ' 'a- ,, -

;l,,;,; 1;208:f+0:)78}3i,, 

.A:: o,34796_.:.. o,o56624i, .. · 

l 
.l 

'.J 
:---J 
-~ -;~ 

< ,' ~ 

! 

·i 

. r, 

1-
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Z2 = 3, ll 73;+·0, 85304£, . z;::= 0, 31332 - 0, 097095i, 

(yof= 4;2928).- i - · :_ \ .· : ·. .. . · . 
Hal!OMHIIM, qTo· JI 3TOM ·aaaJil!3C RBHO Y'ITCHO BJIHinrne. /( K-nopora · C HOMOII(LIO yumpopMll- i .. 

3Hpyiollletl nepeMeHHolt .. 0.nHaRo B. aHaJIH3HpyeMo8 06~acT11 HaXO,QHTCR nopor 77'7-RaHana, 
Ha. 3Ha'IHTen~ayio ~BR3:& c. R0Top11M H~cneilyeMLIX p~JmiaHcoB y11a:iirnaroT M~orne · RBapRo- · 

, BLIC MO,!lCJill~ a :raRH{e U:op~rn ,upyrnx Ra~aJIOB, i:: KOTOJ)LIMH 3TH pe30HaHC11 Moryr' 611TL 
CBR3aH11 (77771 ,pp,ww). ,ami )''ICTa BX BJillJ!HllR, a,TaKlKe BlIIIHHIIJI TalillX 3tpq>CKTOB, KaR Ro-· 
IIC~Hair IllllpBHa CRalIJ!pH11X pe'3oHaHCOB,. 3q>q>eKTIIBHO«, H30CIIIIHOBOC aapymeHHC BCJIC,!lCTBIIe 

_J(.+ -K0-pa3HOCTH ~ace, nepsoe, ~TO MOH{IJO c,uenaTL', 3TO neCKOJILRO OTRJIOHIITLc:JI OT "yripy- ·....::_.. 
·rot!" ·2-RaHaJILHOtl yn11Tap1IOCTH, aapyru~ Tp.eTLe yc.iios11e'B (10) 1IpH BLlll~JIHeHllll 1IepB1lX 
,QByx/B, Ta6n.3 1IpHBe,nea11 3Ha'lenirn rrapaMeTpOB noiiiocoB, C;OT~CTCTBYIOW:HX pe30BaHCaM r 

B 3TOM aaalIH31;, Ha II II III JlllCTax B IIJIOCROCTII KOMnnei<cnolt 3HeprnH (Fr= Er-:. if r/2).· 
- ., ·, ,' ' ' • -.. • , I , ! · •. , • • .. - ,. • • 

Ta6.11u~a 3 

lfaTepBaJI .. fo(975) ,.. fo(l500) • 
~--

,aHeprm1 JfacT' E,MiiB f,M38 E,M38 ·. :f,M38 i<2/cT.cB. 
0,6-1,89 i II 1000±5 48±6. . 15.52±15 494±35 1,00 
f3B .III 971±8 152±15 1516±15 '369±32'. ./. ,. ' 

'' 

0 28-1 89 : 
·' ' JI . 996±2·•, 53±3·· 1640±22 720±34 · · 1,32 

f3B _ .. III 1352±12 857±46 1551±14' 751±38· {l,04) ·· 

3H~'ICBHC xUcT.CB. ~ 1, 04 ; a°iiaJIH3e· OT nopora ,uo /l ,89T3B nonyiraerCR, ecJill H3 -157' 
HCIIOJIL3oBaBHLix· 3KcrrepnMeHT~JILH11X TO'leR oT6poCHTb · Tp11 · np11 3Heprn11x 0,285; · 0,3656 · 

'II: 0, 730 f38, ·.u.arorriHe aaoMaJibHO· 6oJILIIIOlt BR.na,u B x2 .- On11caHne ipa3LI og 1IpaKTHti~c~ii: . 
--: . ......., \ " : . . , ·.. -- - - , - . . . ·-

0,!ll!HaKOBO_e B o6onx a1IaJ1H3ax (Rpl!BaJI B rrep110M:auanH3e Ha'111HaeTCJ1 np11 0,6 r3B H qiaRTII-. 
_qeciH HaRJia,uLIBaerCRiia ll306pameHHYIO); ci,uHa!{O J.{lIJ!llapai-1eTpa YIIPYI'OCTil OHO, BH,UIIMO, 
~e~RO~O xyme BO !ITOpOM aB11Jlll3~ (pIIc.2):' ' : . ' ,./ ' . . •· ' " . . .. ' ' 

Ha OCHOBaHIIll qiopMyJI (8) C napaMeTpH3al!llett.{llj2)·MomHO IIOJIY'IHTL npe,uCKa3aHHJI '-, 
.. JIIDI CBJl3aHHLIX 1IponeccoB J(J(-pacceiiirn11 If, irir ·-+ /{J(.;IlpH 3i'cm HCIIO/Th3oBaane ,nlIJI• 

' . . . . . - /, .· - - . . '. . ,' 

• q>OHa dB-<pYBKlllllf (ll r: 03Ha'laCT npe,UIIOJl()H{eHHC, 'ITO <pOH ll30CKalIJ!pHoro' S;BOJIHO]!OfO 
X K-pacceirHllJI IlOlIHOCTLIO oupe.nemreTCR q>OHOM ,r,r-pacce11RH'ir: B IICpBOM npH6lIIIH{eH:IJ:ll' . "" . - . . . ',· ' ... - .. ,• - . .. 
3TO npe,nn:oJIOH{eHHe, Kall 'M},l YBH,QHM ,naJiee, OKa31dBaCTCR paayMHLIM, ,Tor,1.1;a Rall pac111npeH-
B118' auaJIH3_ ,naauLix no aToMy nponeccy · H no c11113aHH11M nponeccaM MomeT noTpe60BaTL. 
6onee ',1.1;era11LBOro OlllIC3HlIJI q>OHa. 9To MOlKHO C,U~JlaTL c~etzylO~llM b6pa30M. <llaKTII'I~ 

• I CRH uymuo onpe.neii11TL TY 'l~Cn q;oua· J(K-pa~ce111rn11, KOTOpaH ae.na~T np11Moro BRJia,ua, 
· B ·irir-paccCRHmi. JleB118 pa3pea B S22, 110Top1,1ll'B, 3Keprer11qec1108,nnoc11ocTH. Ha'IHHaeTCR 

npn s ~ 4(mk-m;) H BRJia.zi ROToporo J!BlIJ!eTCJI o~pe,nelIJIIOlllllM .B lICROMOtt,'laCTH q>OHa,B . 
z~IIJIOCROCTH oTo6pamaeTCR Ha '·y'qaCTKH 1IpaBolt e,1.1;HHH'IH08· 1IoJ1yoRpylf{Hocrn, Ha'IHHalOlllll-. 
eCR B TO'li<ax Z± .= ✓1 -:- m;/q; ± im;/q,r (3,uecL q,, = Jmk-... m;· )"n ll,!lylllIIe:BIIJIOTh 

. ,ll;O MHlIMOtl ocn,. a TaRH{e H Ha BCIO MlllIMYIO: OCL; B11na,u OT irir-q>oaa B: Sn,' 01Ipe,nelIJICM1itl , 
dB-<pYHRUHei' (ll),.npe.ncTaB'lIJ!eTCR IlOJIIOCOM 2-ro irop11,uKa 'aa MHlfMOtl OCH B TO'IKC Yo1 'll. 

, COOTBeTCTByJOmIIM HYJICM B TO'IKC -iio- Ta )Ke qaCTb_ qionaJ{ K-paCCe.HRJ!Rj ROTopaii' He .naer 
B~a,ua B 7l'7r7paccCRH1Ie,"Momer 611TJ,.annpoKCHMHpoeaiia, miK BII~HO H3 :ra6n.1,·noJIIOCaMH' - ' -- ~"- ,. " ·. . . . ' _' ' . •. ' ~ 

Ha ORpymHOCTlI ll HYlIJ!MlI B ROMIIJICKCHO COilpJ{H{CHH!dX .TO'!Kax, a TaRH{e napaMH IIOJIIOCOB_ B 
a=ett nonynnoc11ocTn, C1IMMerp11'1H11MH ,upyr ,upyry _ OTHOCHTeJILao oRpymaocTH, H cooT-_ . 
BeTCTBYIOlllHMll llM H)'lIJ!MlI ·B.KO~UJieRCHO ·c01Ip11men1111x TO'!Kax. '.9To ,UJIJI BRJia,1.1;a OT paape3a 
Ha 1Ipaaott C,!ll!Hll'IHOtl nonyo11pylf{HOCTl!. AHa/IOfll'IHO Jl)JJI BK/la,ua OT paape:ia Ha MHl!MOtl . ' . ' - . . , . •. . 
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Pnc.2: 9ueprerH'leCKHC ~llBHC;;:mcTH qia:11,1 (61 = og) 'a1,IIIJIHTJJ].hl H napaMeTpa ynpyroCTH 
(IJ) B CKaJIJipBO-H30CRa)mpuoM'Kl!BaJie; no11y•1emi'1,1-e ua OCJI0Be o6pa60TKH ,mcnepHMCBTaJib
BLIX .na!l'iLix B HBTepBaJlaX _OT: 0,6 .no 1,89 f3B ( IIITP,liXOBllR KpHBall) H OT irir;nopora .no 
1,89 f3B ( CilJIOlliBLie KpHBLie): i_ Ha pHCJHKC 11p11Be]lCilld T0JlhK0, neK0TOplde xapaKTepHLie 

-3KCnepnMeHTil11bHLie T0qKH. •. . . . • - . . .· . . , 
, ,. - . ·_._·, . ·.-.... 
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OCH. lhaK, npeJlIIOJlaraJI rna~ana, qTo 3Ta •1aCTb
0 

cpona 11pe11e6p,emH~1a, 11011yqaeM YJlOBJle
iTBOpHTeJlbHOe npeJlCKa3aHHC JlJIR' n:ioCKaJIRplloll .s-B0,1;1U npouecca irir'·-:-+ •/( /( -(pHc.3) Ha 
ocHoBe aaa11u3a .na1111Lix 11o'irir-pacceJ111mo B mnepuane 0,6=1,89 f:ciB. Ha pHc.3 Bll.l!Ho, qro

.:-pacxom.ne11He t 3KCnepl!MCHTa11bllLIMH .na~III.IMH, 110 npoueccy l!'?r-:::... I( I( [28H30] uaql!Ha
CTCJI np11 1,25 f3B (BnpoqeM, JlJIJI qia31,1 612 aMHJIIITY.llhi norn npouecca 011i1cauiie; Bll.lllIMO, 

- np0CTHpaeTCJI HCCKOJlbKO .nam,me), T.e. Ty.na, r.ue 3aMCTII0 CKa3LIBaeTCJI BJIIIRHHe f/7J-Kana11a 
(auaqi!ne 110.naBJIRe.i.;oe qiaJ0BLii:; 06-1,eMoM). 3.necbll{e-orne-i-11M, qTo npeJlcKaJaime na ocuoBe 
aHaJll!3a-irir-.uauH11X B l!IITepBaJie OT nopora ./l0 1,89f38 .n;aeT 31lBLllliCIIHUe 311aqeii1111 .l!JIJI 
IS1~1 .name B 0611acTH OT/( K-nopora .no 1,2 f:iB. l{poMe roro,.~3 ·Ta611.3 Bll.llHo,·<iro 11p11 ne-

-pexo.n;e B aHaJll!3C K 6onee llillpOK0ll 3HCpreTH'ICCKOli o6~aCTl! llOJIIO~ JlJIJI fo{975) II~ iJ Jll!C~e 
CMCCTIIJICJI He311aq11TeJibHO (KaK ~I ,Zl;0Jl)RIIO 6b1Tb 4nR IIOJIIOCa,;1e11ocpe.n;cTBeirno CBR3au11oro C 

·-'napaMeTpaMl! pe3crnani::a [3]), Tor.na IW{IIOJIIOC Ha JILm1cTe OKaJaJICH 6,11131{0 K IlOJIO)RCillilO' 
; MC30Ha !0(1400). OniernM; •no' 3T0T MeJhn '(pallblllC,-060:i11a•raBllll1liCJI_'({l300)) B pa3HLIX 

' : a'rraJIH3aX TO II0HBJIHJICH, TO 11cq~3a11. ,- flpo.uei.io1inpi1p0Ballllldll 3./lCCb 11aM11a<jiqie'KT M0llieT 
• 6iiTb o.n;noit H3 rrp11q1111 no;o. 'KpoM~· :;.oro, ro,- •fro no~mc na IJI JIIICTe, i:ooTBeTCTBJIOHtHit 
' fo(975), CMCCTIIJICH 3Ha'IIITCJibllO BLIIII~ 7/7/-II0J)0l'a .. ~11pei1eiie11110 ronopl!T 0 ;1eo6x'o.u11~!0CTII -
. nimoro yqeTa 3TOI'~ nopora B CTPYKType p1ma11ouoii n'OBC!)XHOCTII.'' O.nuam> o'hpeJlenemihlll 
ycnex 2-Kana111,11oro 011ii:ca111111 _irir-.11. J{K-paccei11111JLH 1130CK~JIHJ)HOll S-a~nlle B 06i1aCTII' 
.no 1,25 f3B 1103B0111111 HaM BIJq11cJ1HTr, CBJ131, f 0(9i5}-Me30!Ja c iri: 11 KJ{-c11cTeMaM11 (Ha/.~-

. -0CH0Be ~iia11113a'n l!HTepBane 0,6-1,89 T~B) (4]. 011p<'i1en11R KOIJCTallTLI CBJl~ll C ~auanaMII, '· 
-. KaK ii [11 ], Mhl BJ,1ql!C11HJIII IIX 3Ha'Ie111111/11~ oci1o~e Hhl'll'TOH alil!Jlll;Yll B ll~Jll<)Ce-ua II JIHCTe. -
' B11paman T~MaTpm~y 'qepea S-MaTpuuy c-iie~·m1u11ii o6p~30M: · · ·· · 

> • • ,. ~ ' / \. • ' • ' ,.,,,,, 

.-. S '= 1 + 2ip112T'ji1 12 , -
--- , I 

;(13) 

'iiaJumeM aua11nrnqec1me npo.nonmenirn ee 311eMe1i'rou 1ia Irnu~-T •1epe; i;1a•wi1~11 iia 1·i111cTe;-
- rl ' ' ' '' i ' (T'r)-i . ' ' r.I ' - -~ 

·rll __ •-.._!_!'· r,IL: r,L _•-.,- _1_2_· ~ ... 7,II ;_ _ii 1 ._-·(1.4) 
11--:- I, 22 :-;:_22 - 1P1_ -,1.-,• 12 -. I·_ '- .. -

. Sn .. - .. -- .- ·--,"11- -- . S11 

TorJla c yqCToM nepaoro Bldpame111111 (14)_i10J1y•iae{1 

- ' - -_ 2 . - • ' - :· ' ' -, ,/ ,, ' ' ' ' - ' ', ' ' ' ' • 1 
91r1r:fo . - . •-1 -1; ~q'fr . ,1. * , .:, -. , ·: --- .= IP1(z1 JI ·. -

1
_ 

12 
- ,l1m (I - :: 1 ::)(1 + z,_)., 11 .: 

4ir - ' ,,· ' -.- ·, -1 =-:=i:' ' - ; 
(15) 

-·· •• ~ ' .• -,' ,: ..... , '. '•· ;, . j 

,IJ.1111 BhlqHc11en1111 YK/?fo y.uo6uo eocnoiib3oHaThC/I amu111-rynotl T22, .110 npn 3TO~l na,nroporo 
BL1pamen11J1 (14) ~ii.u11_0, qTQ l!CK~MblU Bbl'IeT 11ponopn11011anel1 (g,~Jo9/~Kfo)2' Le. ' ; 

', fi;,;,. g~Kf: = 
. · 4ir 4ir . 

- --(- •r,2·)··21-·--·-- - .•-· - -. I 
•-1 . --1 -1. 8 71t; . . . ·• ' 

IP1(z1 )p2(z1-__ )I 'l.:-d2 -. ,~•:;1__ 1 (l-_::1z),(J+.z1=),S2~- (16). 

B1,1qJic~en11e Ha OCH0Be qiopMyn ( 15) ll ( i 6) )l<'IJIO 

' ' 2, ' .•·. ' ,' - ;;2.-: ,_ --
_ 9""10 ::::: 0, 8 raB2 , -. - . M,fo :i:: :J, 164 r3B2 ·; 
•, 4ir · 4rr -

... 
, ( 17) 

'T.e. 9w1i/6/YKKfo::::: 0,52. _ ,._:· 
3aMCTHM, 'IT<> aTo JHaqe1me 0Tnome111111 1wncTa1n cnn:m yme 11011a111111cic1,· pa11ee a Jlpyrux 

. p~6oTax:{cM., na11p1rnep, (10]) 11. c~y}n'ir'im o;111i1M 11:i orno~amtli 06inc11e1rn11 11eo6blq11ux 
. CBOllCTB CKaJIJipHLIX Me30.IIOB 11x,qcTldpCXIrnap1muoli~11p11ponoli; y, !lac IICT lll)llql!lf He co

,I'JlacllTbCJI ·c-~TIIM o6J.RcHeHH~~, ;a _11c&mo•1,e11~eM,T~ro, •1ro Ta1{a11 rn.n1,'11a11 CBH3h / 0(975) 
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. I Pnc.3: Cpa~HeHHe rrpe,!1CK<l3,llHHlt ;RH cpa3LI (o;;i H MOJlYJl/1 MaTpM'lIIOr-;, 3JieMeUTa rrpon;ecca 
7r7r-+ K ICB H30CKaID!IJHOlt s;l!01IHe C 31{CIIC!lHMC!ITaJi1,iu,11rn _,11aI1Jll,IMH (1 - [29], _2 _. (28], 3 

_ .- (30]). . . .. .. • . . 
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i::. [( K-cncTeMolt IIOJ:U,10.ztHT K Heo6xo.zurnoi:TH HCCJie,!IOBaTi. ',itpyrolt. THII npe,11ciaBnemu1 3TO!t -
-qacTmiLI Ha pHMaHOBOlt _'noBepXHOCTH ( nMeaao, ( B)). · OnieTHM TaIDKe; qto nonyq·ennue Ti~ ·· 

- KHM cnoco6oM 3Ha'leHHH KOHCTaBT CBH3H HBRHIOTCH J!Hlllb npH6JIHJKeHHLIMH, 11raopnpy10lr(HMH 
· B~na,11 a0Mnirei1caoro cpon·a •. .l(pyrolt cnoco6 n'onyqe1rnn·aoncianT cBH3H c·ncnon1>3oBaHHeM 
• K-MaTp~n;LI. TaKJKe ~e ·. II03BORHeT· irn6aBHTLcii' OT. BJIHHHHH ipona ( CM.; 1nanpHMep,: cpopMyey 
(5)), II03To/.ly iieoqxo,11HM0 conocTaBRHTL pe3yn1>Ta-rhi: pa3BLIX MeTo,110B: ··· " .. • . . 

Aiia~ornqm,11t O~HCLIBaeMOMY 3.ziec1, 2-KaHaJILHLilt cpopM~JIII3M 6L11I HCnom:3oBaB· B pa6oTe 
(19] npH aeann3e ISR:.llaHHLIX n~ n;enTpa111,aoMy polll,lle1;n10 Me3o~n11x nap (i; H 1(1() a 
pp-coy,napeirnnx. · 0,11aaao,B .:nolt pa6orn, ne ytJnTuaaeTcn B1IHHHHe TO'IKH BeTB1IeHHH 1r1r~

nopora. ~ho BeCK01ILKO yn'pomaeT npe,11cTaBJie1rne pe3oaaiicoB, HO B 2-aaBaJ!hHOM no.zvmJJ:e 
:. He HB1IHeTCH :Bhl~JlK,Zl;eirnolt Mepolt H, BH,!IHMO, ,He COBCeM o60CBOBaHHO, · noCK01IbKJ cym;~ 

c-i:ByeT npoi::Tan ,YHHcpopMH3Hpy10~an nepeMeHHM (7), J'IHThl~a10m;M 3TOT nopor. 'lhaK,' B , 
pa6o're (19] Hcnom:3oBaBa M~,Z1;e111, pHMaHOBOlt noaepxnocrii,'B CTIJJI{Type KOTOpO!tUOMHMO. 
'J!eBL!X CBHryJIHpu'ocTelt HrHOpHpyeTCH TaKJKe irir-nopor.1 nocJie,!l;Hee MOJKH~ cpopMaJILHO ocy
mecrBHTL, eC1IH npo,Zl;OWTI, ,r',i-,pa3pe3 B1IeBO .zio -·oo: B_~IOM c.nyqae ynncpopMH3Hpy10m;elt 
nepeMeHHOlt. CJ_IJJKHT HMIIJ1ILC. ki =. ( s/ 4-:- mJ,) l/2, 'o-ro6paJKaIOm;Hi! TaKyIO pm>1aBOBJ noBep
XBOCTh na.rin~CKOCTI, (pnc.4). ~a pncA Il3o6pamena 2-1IHCTH1UI krnoaepXHOCTL,·Ba KOTO- ·,-. 

.. pJIO OT06paJKaeTCH npH krnpeo.6pa30BaHHil MO,lleJibHaH pHMal!OBa IIOJiepXBOCTI, 3-KaHa1ILHOi!. 

,, .. 

- •-' - ' . - ., . ,- . ,- - .. . •.' 
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NQV_• ][(YI) 

Pnc.4:' 2-ln~CTHM k;-noBepx-·; . 

~OCTL 3-KaHa111,~0i! S~MaTpllc 
Ilhl:. P!{MCK~MH· nncppaMH' o-i> 

: -Me'leHL! ''leTBeprn • k2-11-ixcioB, 
. Ha aoTophle oro6pa3n11nc'i: .co
OTBeTcrayiomne JIHCTi£ pHMa: 
HO Bolt s-noBepxnocTn ( n;ncpp~ 

_B·ca06Kax OTHOCHTCH_K HHJK
: HeMy k:i-1IHCTy); ilpe,Z1;cTaB1IH-

- . !Om;He pe3o)IaHC TH~a (a) no~ 

.. 1110chl ( *) H HYJIH; ( o) noia3a-
HLI T01IhKO Ha ·. nepBoM · · k;-

. '1IHCTe, :na: BTOpOM JIHCTe Ha
XOJll!TCJl aHaJIOrII~HO pacnoiro0 

JKeiiiiue napLI rio1110coB:H HY:· 
nett. · ·•· Toqn'~·. q,,,. · 0 · H q~- -
COOTBeTCTB~HHO 7r7r~' I( K- H. 

7777~rroporn .. • ' · 

.S-M~TpHn;LI (.zi~ n-, I( K- H IJIJ•;a~anoaj iinpene6pellieH~H TO'!KaMH 'ie~imenn/1 n:eBLIX (rro
Tenn;Ha1ILHLIX) pa3pe30B R 7r7r-IIOpora. Ynpyraii qacTL !pll3H'leCKOtt 0611ac~H 1r1r-paCCeHHHH 

. rrpo~rnpaerCH OT TO'i!UI q,, ~ i✓mk-:- m~ B.1{01IL MHHMOl!: OCH J(O O (I< K-nopor), ,!la1IbIIIe 
. --qJH3H'lecian 0611acTL H,Zl;eT B,!IO]II, peam.nolt OCH, H BepxHero 6epera: PA3pe3a ( qQ, 00) (yn11- ••. 

Tapnul!: pa3pci OT 7777-aaHana npeo6pa3oaancn: B ,niia pa3pe3a; (q~, oo) H ( _;%-::oo), rJJ:e · 
q~ ·_,;,, (m; - m}i)1l2); PHMCKHMII n;HcppaMH yKa3aHLI ie 'leTBepTH ·k2-,1IHCTOB, na KOTOpLie 
oro6pa3H1IHCI, COOTB~TCTBJIOID;He irncTLI pnMaHOBOl!: s-rroaepXHOCTil (n;RcppLI B' CKo6xax COOT" 
BeTCTBJIOT BHJKHeMy kr1IHCTY ); TOr,Zl;a. pe3oHaH·c, HarrpHMep, THria (a). npe,z.CTaBRHeTCH Ha 
irepBOM kr1IHCTe no1110caMH (*) BO BTOpOM H 'leTBepToM· KBa,Zl;pan~ax n HyJIJii.i:H (o),•cHM~ 
>,teTpH'lBLIMH. no1110c,u1_ oTHOCRTe1ILHO MHIIMOil: ocH,. H na · · 
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noJioJKeHHIJMll · napaMn nciiuocciB n nyJiell. · B pa6oTe [19] aua·Jil13 · BLIITOJIHeH fie3 HBHoro 
J'Ie-Ia BJIIIHHIIH 7]7]~~aHa.rra, T.e .. paCCMOTpeH TOJ!h~O nepeiJll kic;;IICT fie3 pa3pe30B'OT ~7)-

. KaHaJia. Tor,la ·coOTBerCTBYJOIUl!e pe3011all'cy rromocIJ co BTciporo ( ne J'ITeHHOro) k2:Jil!CTa 
npn CTporoM BLIIIOJIHeHllll 2-KanaJII,HOll: y1111rap11ocrn OirnlKYTCH irn nepBOM' k2~JIIICTe (na 
pirnalm:soll S-IIOBepXHOCTII IIOJIIOCLI C He yqTelIHLIX VII 11VI JIIICTOB paCITOJIOJKaTCH COOTBeT
CTBeHHO Ha II n III Jil!CTax), :11Mnrnpyn .ziorrommreJILIIoe pe3onariCHoe cocTonn11e. YKameM 
np~CTY~ l~Kana_JII,HYIO anaJiornJO: B cJiyqae rrpenc'-rae.iiea11n p~3011ancaoll ai.irrJI11Ty.1l.1i B rrpo
crellmell 6pellT-BllrHepoBCKoll cpopi.ie 6e3 yqera 11oporoeon·ioqmfiiereµe1111n (3naMe11areJih 
'E - M + ir /2) IIOJIIOC BLirJlji,1].[IT•pacrroJIOJKeHJ:ILIM na cp113ilqecKOM JIIICTe ( B rrponrnopeqil11:' 
C npnq11HHOCTLIO) :" ria caMoM J(eJie 3TO 03naqaeT '0<1em,' orpa!i11qenHy10 3Hepre;rnqecKyJO 
06.i:iacTh rrpnMeHiIMOCTII TaKol! q>OpMLI,. Korna·, ;;OH{l!O .npeHe6pe% 2-JIIICTHOll crpyKrypoll 
pllMalIOBOll IIOBepXHOCTl!; yql!TLillaH micne,1].HJOIO, MOlKHO y6e,1].l!TbC~, qro COOTBeTCTBYJOIUl!e 
pea0Ha11cy non~cLI Haxoivrrcn, KRK ll JlOJIJKHo 6Lirh, ua eropoM n11.cre; B aJiaJIH3e [19] ·ii oKpe
crnocrn' [{ K-nopora, IIOM!IMO IIOJIIO~a iia II n-IIf Jill(!-rax ( KaK ll ,1].0JIJKII~ 6LITL np11.11eyqere 
7J½-rrop'ora), IIOHBl!JlllCi 'i\olIOJ!HllTeJIL~Lie IIOJIIOCLI: ,1].Ba ,iii II JIIICTe ll 0,1].III/na III, KOTOpLI~ 
CBH31IBan11c1, aBropaMn c HOBLIMII cKaJIHpHLIMll. coCT0111111min' ( onno c<11iranocr, .ziaJKe Kaann:: 
naToM B rii:J06oJILI). KaK MLI yiRe yKa31dBann pa nee (27],. JI.Ba H3 norroii:1111reJI~HLIX nonJOcoB 
(Ha II n Ha III JIHCTax) cyrr, npo.irnnennn·pe3cinanca J0 (975) (n3-3a 11ey<1era 7]7]:rropora},'11,, 

· . eme Q!UIII horroJI~l!TeJibHLitt IIOJIIOC ~a· Il JIIICTe, 0•1en1, 6JJ1!3l{llll I{ /{ K-nopory · 11 HlllK~ ero, 
'MOJKer 6LITL,lllill pe3_}'JILTaroi.1 BJ!lll!Hll.fl ]( J{~cjJOIIa, IIJII! 06_cy1i<,1J.aBJUl!MCJI BLIIIIe 3cpcpeKTOM 
3aKpLITOro 7]7]·KaaaJia B o6pa30BaHllll fa(975f. Cnenyer OTMeTl!Th; tiro noc~e,zy1om11ll pac- . 
nrnpeHHLill anaJil!3 BLimeyKa3aHHLIX ·namILIX II oco6enno COBMeCTIIJ,Jll aHanl!3 3Tl!X namrnx . 
ll ,1].aHHLIX no 7r7r: ll J(J(-pacceHIIl!IO ll pacnan~M Jf,j,-+ <fnr1r(rf,IU(); D, _:_. 1r1r1r llJll!BeJil! 
a:sropOB pa6oru (19] K orrncaHl!IO C 0,1].IIllM ,1].0IIOJIHHTeRhIIIJM llOJIIOCOM na II Jll!CTe UBoo6me 

, 6e:i horroJIHllTeJILHLIX UOJIIOCOB (r.e. ~ 0,1].Hl!M IlOJIIO~oit'na II JIHCT~'ii·o,1].HHM IlOl!IO~OM uidll 
JI!ICTe ,1].JIH fo{975))KaK6oi:iee npennoqTnTeJJbIIIJM pe111em1J1'M (20]'. Mu OTMe'!aJIH BLI~e. qio 
B 2-KaHaJILHOM II0,1].XO,l{e 3Toro MOlKHO no611r1,c~ napy111e1ineM,Tj)CThero }'CJIOBHJI {10) (npn 
·BLIIIOJIHeHnn nepBLIX JlBYX),. T.e:: ·. cooTBercTBJIOIIlllM napyihe;meM "ynpyro.n" 2-KaHaJILHcil! 

- -~ . ' - - ~ ' ." "I.. < 

.. ynnrapHocTn ll3:3a .yqera BJill/lHl!JI 7)1/~Kanana. ,·. . .. 
0,1].IIaKO .BLIIIIe ,MLI yJKe neo,1].IIOKpa:rHO nonqepKHBaJIH neo6x;;,1].llldOCTb' /IBHOro 'yqeTa 7)7]

nopora. P11Ma1IOBa s-noBepXHOCTb C .Tpeirn pa3.7!ll'IHUMH ( "yn'nrapHLIM~"). TO~KaMii BeTBJie-;. 
HIIH, S1 :< s2 < S3, 'TOIIOJ!Orl!qecim He_ MOH<eT 6IJTLOT06pameHa na Il/JOCKOCTb {11nn ccpepy), 
HO 3TO MOlKC'.f,6L!TL C,1].eJiaHo;Ha rope, ,T.e: pacotarp11eaeM'ue II 3-KiiHaJILHOM IIO,!\XO.llC:a!'-1-' 
IIJillTYJI.LI C IIOMOIULIO npoCT!".X cpyHKI{llll Moryr 6JJTb ymi<j>opMH3HpoeaHLI · na -rope. Ilo
H/ITIIO, qro ,1].JIH rrpa~Tl!qecKoll rienn napaMe'I'pn3a111111 PC'lh Mo.mer H/lTH nn1111, o JI~KaJILHoll 
ynncpopMH3annn. 0,1].IIaKCi MOJKHO nollrn no :Upyrm,y ny~11. KOTOj)ldM Mid II ·6yneM c~eno'.' 
Bari, a'nMeHHo,'.'., npoBo,vr' nocJie,1J.oearen1,no nneIO 0·,1J.0Mm1npy10me~1 e.iinmi11n 6nnJKaihunx ' 
oco6e11HOCTell, IIOCTpO!!TL ·Ha,1].JleJKamyJO. M0,1l.e.JIL p1rna.I10BOil, riosepXHOCT,H, .B KOTOpol! pac- -· 
cMarpneaeMi.re aMIIJil!T}'JlLI Moryr 6LITL · Iipocro y11111jiopM11311poiia111J. '·:r.e:· yqreM, qro • B 

. · l!HTepecyJOII{ell Ha_c ~,1].eCL o6JiaCTH. OKOJI~) f3B, 1/lln))HMep OT,~,7 . .no 1,6 r3B, MOlKHO npe-. 
He6peqr, BJillHHl!eM. 1r1r-nopor0Boll roqK11 eerenenn11, JJacrronoJKeHnon --nocTaTo'IHO naneKo, · 
XOT/1 ycJIOBlle YHHTapHOCTll, Ha ynpyroM pa3pC3C BalKl)O.-: -T.e.; J'IHThlB.aJI .c IIOMOIULIO. kr 

. ' npeo6pa30BaHl!H /{ K-noporoeyJO TQqKy ~e'rnnennn·, noJiyqm,; B OTJ!ll'll!e OT [19], 2-JillCTHJIO 
M0,1].eJIL. krHOBepXHOCTl! C pa3pe:iaMl! OT 7)7]:Ranana (pnc.4). · IIocJJe,1].lll!·e MOJKHO yqecTL,, 

· BLIITOJIHllB c.rrenyIOmee oro6paJKeime ( o6parnoe npeo6pa3oaa1111~ )l{yw)Bc~oro ): . 

w = kdq,+.J(l:i/q,) 2 ....:.·1, .. 
.. ----. ··' 

\, 

.-\ '. 

· . (18) 
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np~ KOTOpOM 2-Jil!CTIIaJI ~-i-noeepxnoci~ oro6palKaerc11 na:w-OJIOCKOCTL (p11c.5:. lKHpnol! 
., JIIIH!!el! yK~~irna <pll3JltieCKa/l o6nacTb, TO'IKH : w~· == iq,- 1 [.::...q~ + (m~ ::.:m;-}112], i.11 ·1-
, ·cooTBeTCTBCHiIO 1r1r-, ]( J(c· II 7]7]~Iioporn); B na'IIIIOMCJIJ'!ae npene6pememie B/JHHIIHCM ir1r
. noporoBoll· TO'l!lll BefBJJCHl!H IIBJIBeTC/1 nenon y•1ern TO•rnn BCTB/JCilllll 7]7]·IIOpora. <l>opMJJILI 
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:lm'lu 
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~nc.5: ITnocKoCTL •. yHucpop0 

Mll3Hpyiomen. nepeMenHoll w. 
P11MCKIIMH llH<ppaMl! o6o3Ha

: •1e11L1_ o6pa3LI JIHCTOB p11Mano-
. eon noeepxnocni 3::KaHaJILnoll 
ScMarpnm,1 .. }1{11pnol! JIHH11ell 

;yKa:iana cjm3nqecKan o6nacn,;. --+-----+----~'"""--------~ 'l'O'IKH. 'w~,·, i _ H l-cooTBeTCT
Be11110 7r7r-, [{ [{. ll ~ij-nciporn.• 
H:106pa1i.e1111L1e nomocu ( *) n 

y m 

: ' 
. II);JJH ( o) npencralinmor pe3o-, 

11a11c Tlllla (a)_H.Sii> 

/" ---:-
,Jle Kyro-HLWTOHa c·y_'ICl:Oi:; H~noJIL3Jc~ioii MOJt<'JIH p1tMal!OBOii noeepxno~TH _;,eCKO/JhKO Bll~' 
,,1].0ll3MCHHTCH (3aMeTHM, qrn roq~e So COITOCTaB:IIJIIOlTH H W•IIJIOCHOCTI! TO'IKII Wo,.-'.w; 1, ..'..wo;" 

'.w; 1 HaI, IV,V, VIII Jll!crax'cooTBCTC~BCIIIIO): -, ' . ' 

-1) : ,. .. . .d(....:w .. •. •-:-cc J•(-w•) .. ,. ·. S22 =. d(w) .. 
- ,.~-- '.:' ' . ;:...,); 

Sn - d(~) 1 <:·'. •·-.. : d"(::-w, . ; 
d"(w•-.) ·D22= 'd(w) 

D33= .d(w).,'.-• 

. . d(w- 1 ) . 

~33t d(w) .• . 

. :d(-1v) 
D1i = ,d(w)~·--:-

(19) 

. CJI~JI.YeT OTM~lnL, ~T~ IlOCl<OJ!hKY llCIIOJ!b:JYt'Mall M.0/l('Jlb pnMai1o~on noeepXIIOCTII 031Ia'!aeT . 
yq~T Jilllllh 6nnmanwnx ~- <pH3Hqeciwn'o6m1n11 ,;!lilYIIJI?CliOCTcl! J>HM<IHOB;JX ~IICTOB;: TO_ B 

' 3TOM CJiyqae HCT'CMLICJl<I rosopHTL O CBolldHc peam,noil a11aJH1TIPi11ocrn 3MIIJIHTY.1l.- YcJJOBIIC 
.)Ke 3-naria;LBol! YHHTapuocrn Tpc6yer HldJIOJIIICIIIlll CJl('Jiy101tt1tX COOTII~IIICli111! ,1].JIR 311a•1e1111II, 
iv B, ;pll3llq_eCR<;Jll _o6mi.cTn:' ' . <' 

ld(;-tv')I $Jd(w)I, ~!(-1&~ 1 )1 $ ld(u•)I. ld(w- 1)1$ 'ld(w)I; 

·, ld(~·-1 )1 = lcl(..:1r')L=·ld(.:...11•)1 = ld(;~,)I: 
-~ . 

(20) · 

. (21) 

IlpencraBJIH/1 d-cpyimnmo· Kalt cl =· clBd,~., -rJl<' ds 01111nrnaer cj,011, a· pc3011a11cna11 ·.•1acTL 
'.' ' '-• . '·, ' . ,;- . ' ',-,,: 

l!MeeT BH,1].: . 
M ,1 

d,..(t~) = w~Afllll(w+w;;) 
~,.,_ . . <<•r=li=t - . 

· (22). 

(M-KoJI;'I~CTBO pe30llaHCOB ), , JI~n<~ IIOJIJ'l~Th H1.ipai~t•m1e ilJlll. Si I,. )'lKC HCIIOJ!b30BaHIIICCCH 
. naiin npn auaJIH3e 7r7r'paccenu'irn' [9]' II_ ,1].JJi1 Jl)lYJ"IIX ~till:l'IJ'IIIUX. 3Jici,cimiR .. l,fao6paH<eHI1L1e 



na pnc:5 noJiomenn11 nomocoB ( *) n uyJie!I, ( o ), .na10T npe.ncTasneune pe301ianca Tnrra (a) 
B S1i, llOJiyqennoe·H~.OCHOBe cpop.MyJi (19,,22). l-fa-3a npi;i.,eneuiwn MO,!leJin pnManoeolt· 
nonepXHOCT.II OH n:io6pamaeTCiI ne 23, a 'leTLij)MJI nomocaMll (ll'ciiMMeTpH•im,1Mn IIM OTHOCII
TeJILHO MHllMOtt OCH nymIMn). I1ornen111111 c11m1eTp1111 · 06ecne•111Ba~T BLIIIOJJIIenne ,ynpyrolt--, ,-

. ymmipnocTn B np6necce L-+• l B ynpyroH o6JiaC"Jl1 ( w,, i). Ecnu ,611 ;~<)T np~neci: 6!.i;. 
·, ynpyrHM H.BUllle nopora.W = i,-TQ 611na 6IJ CIIM~ICTj)llll no.niocOB II IIJJJelt OTIIOC~TeJJLHO 
oKpymnocTn, a npn yripyrocTn noro npouecca Tal!me e11me nopora iv = 1 Tpe6oea;racL 611 · 
CHMMeTpHJI llOJJIOCOB ll nynett OTHOCllTeJJ~IIO peaJJhHOi om.' . ' . . . , 
. Ha OCHOBe cp6pMyJJ (19, 22),nJJJI pe30113IICOB npe,nnoJimKeimoro t~rra (a) MLI anaJJ!_l3Hpo~ 
BaJJll ~~~ .nocry'nnLie naM ,uamn.i~ IIO ll30Cl!aJJ11p110i1y S-HOJJIIOBOM)' 7r7r~pacceHHHIO _B o6JJaCTII 
3H~prntt cnaqaJJa 0,8-:-l,3T:;iB(31), 3aTeM 0,7-1,6 f3B [9). _<I>O!! ?~a11CH·B YIIP}_'I'OM,BH,!le: 

-- s~ = e2i5~(•) ,. t5B(s) =a+ b,fa. (23) 

B. rre~BOM cnyqae -~OJJJ~eHO 'xopolllee OIIl!CaHl!e_ ,namILIX • (x2 /cT.C~. ~ 0,'66) H orrpe,UeJie111,1 
. napaMeTpU pe30Jiairca fo(975). Bo. BTOpO;I CJJy<Iae .ltJJII y.noenernop11Tem,II~rd ouncaIIIIII 
~ 3KCIIepmienTanLni.ix .na.HHUX .n~ cpa3LI II II!'pirne-rpa y'11pyroCTtt (p11c.6) OKa3aJJOCb· ,!lOCTa: 

TO'IIIO ,neyx peaonancoe. (rrr:m l.'n 1,5 f:;iB). ,I1onomei11111 nynelt Wr;/coornei;cTBYIOll.lHX 3TIIM 
p~onancaM, 11 W-llJIOCKOCTH, rrpnne,ueHLI e (9). ,3necb ML! yRameM rro.iimKeJ!HJI IIOJIKJCOB, COOT-

·! 

/ neTcTeyromnx ;THM qacTHI.laM, na paanwiii11x imcTax pnMa11011oif rioeep~i;ocrn n rrnocKOcT11 
KOMIIJieKCHOtt 3Heptnn (Ta6JJ.4). IlapaMeTphl cpo,ia B 3TOM aHa/lH3e eCTb a=; ..:,1;376±0, 056,. '" . ,, 

•• < ' ., - f ,.- -· >,. ' . -/. -. . ' . 

. ...... 
• Ta6.,11w,a 4 · 

,, fo(975) ·· . • Jo( 1500) 
·.-£:.·., JlncT E,M:;iB r,M:;iB E,l\faB r,l\faB · 

.- II 1017±5 35±7 . 1496±16 548±35 

III 1031±16 128±30 1156±36 146±43 

VI• . 1025±8 23±10, 1502±20 614±40 
145±62' 

"'~ 
,· VII 1139±60 108±42 I 147±55 

\ ;,,, 0~ 6 ± 0, 0025.\ Ecna nfMIO~llTb'-ioqKy rrpri 0,91 f:;iB, ,ua10iuy10 aHOMa~I,HO ,-60JJLII!Ott 
BKJJa,U BX~, TO IIOJIJ'IHM x2 /ridf~ 1, 12. ' . . . . . 

0TMeTnM;·,{TO rrpa o6pa6oTKe 3KCIIepriMeHTaJJl,Ul,IX ,!l~IIIILIX Mhl o6e~neqnBaJIH_'BLIIIOJIHe-· ' . . ·. '. ... ,-. ,. , - ' , ' ·_ -, . \ 

. Hllf! yciionntt:yHnTapiiocTll (20), ,uoriyCKaJI net{OTO!JIJC ()Tl{JIOl!elll!JI B. ycJIOBIIJIX (21).: am 
rrpHBO,llllT K B03HUKHOBeHHIO B MilTpll'IIILIX 3JJeMen1:ax!.IClRl{a!IaJibi11,ix rrepexo,uoB S;;(i =li) 

"-,uorroJIHHTeJibHLIX ToqeK'BeTBJieHHJI BHe cj:rn:ittl!CCI{Oit' o6nacTII, C)Jl!IaKO .naeTB03MOmHOCTb 3cp
cpeKTllBHO y~eCTb BJJH.fliine 11iao He '11KJi10'leH1i11x' 3,necb 3cpcpe!{TOB ll n39emaTL ~03HHKHOBe
HJIJI cpnKTHBHLIX pe:icinaHcn11x _cocTOHHllli. II pH :;i.;.0~1 neo6xo,n11Mci cne,n11T1, ·'!Tci6iJ rroiirocu H 
Hyna, ~TBeTCTBJIOll.lHe peacJHaHcy; o6paaonunaim na pifMaHoeori uonepx110CTH rrapy,KOM:, 

. _ ·.IIJieKCHO COIIpJimeHHLIX KJiaCTepOB 0,UHOfO.ll3 JI{a3ami'ux 8. pa3.l{.2 THIIOB.'. 8cJIKaJI aHOMaJIIJJI 
(,nOIIOJiliHTf!JILHHe IIOJJIOCI,1, KaK '11 anaJIH3e [19), HJJII i11ma,ne1111e IIOJIIOCOB ll3 J{JlaCTepa,, KaK 
B .n,arne1J 2-KaH~JILHOM aHaJJH3e B HHTepBaJJ~ OT II?pora J].O _l ,89 f:;iB [27)) Tpe6yeT ,UOIIO~Hll~ 
TeJILHO JIBHoro yqeTa HeKoiopHx :;icpcpeKioe n· cooTBeTcTiiy10uieli. 11nTepiipe'i'ann11. _ . ,. · 

Cne,uyeT _o6cy,nnTL IIOJIJ'lelIHl:.1e IIOJIOlRe!ll!H J!OJJIOCOB Ha pa:iJJH'IHLIX JJHCTaX pnMaHOBOtt 
rronepxnocTn. · 3,uecL pyKciBO.!lJlll.lHM rrpnHunnoM Ra•1ecTBe11110 'i.iolRei"c;;ymnTL rrpe,ucia~ne- .. 

. Hlle aMIIJIHTY.!lLI B MHOfOKaHaJibHOtt 6peJ1r'.n11r,;epoBCKOfi c!iop_Me(CM.; Harrp:, (111). On.~eTllM 
< ... caaqana, _'ITO no ncex Tpex.narnnx a11aJJ113ax (2-R~UaJILHOM 'ii· 3-KaHan1:ii:ux B HHTepnanax 
' "0,8.:..1;3 H 0,7-1,6 rciB) nan6onee JCTOil'l~~LIM o?a3~JJOCb IIOJJOmeHrie rr~moca ~a iI JIHC~e,. 

, ~ - - . - - _,,.,,. •· . . . . 
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. Pnc:6: To me,_-'ITO. lI .na -pnc.2, '_TOJ!bKO 3RCUepnMeIJTaJJLHIJe_ ,UaHHHe _aHaJIH3HpoBaJIHCI, B : 
,3-Kanam,noi.r rro.zoco,ue B HHTepnane 0,7,-1,6 I'3B. · ' , • 

~ . , - --· . .. . r--· - ;-· ., ,· , - , . 

. COOTBeTCTBY~ll.lero fo(975),' Ka~ ll itoiiiRllci 6LIT~ ,!lJJJI 3TO[~ Tllll~:~e_301I~HC~ [9). To; '!TO 
llOJiome:iie:e 'a:roro IIOJI!Oca BCe-Timn'necKOJJ~im ll3MeHHJIOCb B IIOCJie,UHeM'3-iaHaJILHOM aHa-·. 

'• C ' ,, ,, • • •\, • ,• ' 

JJH3e, .· ronopnT: o ,uoBOJibHO . CllJILHott. CBJl3H .noro pea0Ha11ca · c _ 7777~cncTeMott n o • Bal!tHOCTll ,-· 
BLI!IoirneHHOfO 3,Ueci yqeTa0BirnHHHJI. 7777-RaHaJJa. TailRe H CTJ)JKTyp'e-pini~H~Bott IIOBepXHO- .. 
CTll.' 3naqn;enL-IIOe CM~ru;eHHe IIOJIIOCa Ha VIrn'iicTe y Io(975) no cpa:eneHHIO c IIOJIOJi<eaneM 

. -. rro.11ioca Ha II JIHCTe ,UOJJJ!(llO 6~TL o6ycJIOBJieHO -( mi~ BU,!lHO H3 Ta6JI. l) 6oiiblll?tt ~BH3LIO Mem,uy. 
KanairaMa 7r7r ,.n 7777; CBJ13L me M~l!(,ll)'·KaHaJJaMn 7r7r ll /( J(.cymecTBeHH<f'iro,uaBJJH~CJl-;pa-
30Bl,IM. 061>eMOM (na-3a 6JIB30CTH MaCCbI fo(975) K_/{ K-rropory); qeM_06MClllieTCJI He TaK6e ,· 
3aMeTHOe CMenteHne rronroca na III. JlllCTe .. O,unHaKOBLie. me 3Halm HMIIJJILCOB BC~X Tpex Ka~ . 
HaJIOB rrpH rrpo,UOJIJ!(eHHH Ha vr JIHCT rrpllBQIV!T K To~y, qTo IIOJIOlRellllJI IIOJIIOCOB Ha II ll VI -

·JIHcTax iiononLHo 6JIH3KH •. ___. • _ - · ·:, · - -
B OTHOIIIeHnH BTOpor;; Pe3!)Hirnca, ycnon'no o603H3,qeuHoro HaMH fo(1500);-np11,n Jill '.HMeeT 

CMUCJI ,UeJiaTL a,uecb orrpe.zieneirnhie·BLIBO,llLl,·TaK'KaK ae y;TeH HBHO '77~•~nopor (~ 1506 
i M~Bf KpoMe TOro, B03MO~aJI 4:KBapKOBaJI llHTepllp'eTannJi 'it npHIII!Cl,I.B.iune 3TOfO pe: 
_aonanca 6CJJiee TJDKeJIOMY 9*-rriieTY: 03Ha'laJIH 6!.z 31Iaqn'feJILHyi6 CBH3L ero C-KaHaJiaMH ii:a 
BCKTopimx Me30!IOB. (pp{ 'f!W ); noporn· KOTOpLIX' iiiimh 'Ha HeCKOJILKO ·.uecJITKOB KfaB BUIIIe 
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• 
7}7}1-nopora. 0:rMe".i:ennue nume MOMeHTLI, BH,lll!MO, orneTCTBenU:11' :ia 'ro, _'ITO IIOJIIOCLI ua III' 
ii VII JIIICTax CJIIIWKOM cMeniem.i no ornomeH11~ ·nomoca Ha II •n;CTe, a noJIIO.cu Iia II II .VI 
JIIICTax,'MOlK~ 6LITI,; n:3Jil!lliHli yJJ;aJiem.'i OT.peaJibHOli OCI! .. 0JJ;JiaKO aHaJil!3 IICfl~Jlb30BaHHLIX 
,llal!H~X HBHO ,lleMOIICTp~pyeT pe30HaHCHoe nponen~1111e, II03TOMY BLIB~,ll O ,llOCTaToq11ocTll.B 
aTott o6na~TII .llBYX (~poMe / 0(1590)) pe30Ji:a11ccis.ii'pe.llc;asnneTcn. npaB11n1,1111M. :HacTonmntt 
aI1aJI113 Iie 0611apylKIIBaeT pe3011a11ca '/0(1590) II3•3a ero ornbc11TeJILHO cna6oii CBH31I C irir
Kanan:oM, XOTH, K<rneqno, 3TOT pe3oHanc ,llOJilKeH,B03,ne.liCTBOBaTb Ha pe3yJihTaT BCJie,llC;Bl!e . 

·,lloiion1,no 311a"ii1ITeJII,110tt CBH31I c,7171- II 71'711-Kanana1111. .. · · 
' • - • ' ' C 

,_./ 

, ___ ,_..,. 

5 . 3aKJiroqe:aJie -
B 11acTOamett'pa60Te· c n;eJibIO ·q>opMyn1Ipcrna111In. MeTO,na 113yqen11n MH<>r0Ka'11ani,n11x pe3o: 
naHCOB II nonyqe1111a. MO,lle.nbHO~He3aBIICIIMOll llllq>OpMa(ll!II O HIIX Ha OCIIOBe aHaJ1113a CBH· 
·3aHHI.IX npoI(eCCOB cyMMllpOBal!I,I' 11am11 IICCJie,noaan1In · S·BOJIH.OBoro 7r;. II· /( K-pacceHHHH 

:B 2- II 3-KaHaJII,HOM IIO,QXO,llax. YKa3anU:m; neJIII .noc:T11ra10TCR 11enocpe.ni:rne111111M IICIIOJ!b· 
) . 30BalllleM TaKIIX:06IUIIX nplIHUlliIOB, KaK a11aJil!Tll~IIIO,CTb' II y1111TapIIOCTb, IlplI YCJIOBIIII qTQ 

y.n;aCTCR IIOCJieii;o_BaTeJihll(i ocyIU'eCTBIITb ll,lleJO c6aJia!lCl!pOBan11oro yqeTa 6JIHffiallmlIX K pac
CMaTpllBaeMOti q>ll3llqecKott o6JiaCTll oco6eHHOCTeli. B 3T0M OTI!OllleHIIIl,n:i'yq~11l1e N(> 3)
KaHaJII,nr:i·x peaqHaHCOB npaK'r11qecK11"iicer,lla' 3!ptpeKTIIBHO CBO,lll!TCH I{ 2: II 3-KaHaJibHOMY 

· ..• paCCMOTpe:imro; . O!;icylK,lleHO npe,llCTaBiie~lie pe:ioiiancoH 1!11 irnMaHOBJJlC'uoiiepxHOCTRX rra
pai,;11_ KOMIIJieKCHO conpaJKeHHLIX KJl3CTepo~. ( 113 nOJIIOCOB. ~ nyneli) iieCKORhKIIX)!03MOlKHLI~- ', 
Tllll_G'B (:e 3aBHCIIMO~TII OT

0

TOro; ii ·cKOJihKIIX csn3anm,1x npouec.cax paccen,1111a ,llaHiioMy pe: 
30HaRcy _COOT.BeTCTBYJOT HYJIII Ha q>II3llqecKC>M JIIICTe). B q>OpM11poea111111 "3TIIX'KltaCTepoB 
I1p11HllM3IOT y~aCTHe Kirn OTKp:i,;TLie,'.Ta~ 11 311~preTH'ICCl(H 331{p11~1!e imia.rr11. Tim KJiaciepa, 
COOTBCTCT~yromero peaonaHcy, OT611p'aeTcn' aHaJil!3;M 3l{Cllep11Me11TaJibllhlX ',llaHHLIX II, CBH3aH. · 

·c npllpO,!!Oit 3Toro peioU:anca: Hp~,!!CTaiinneT,C~,',1ro,na~b!Iellmee ~3yqe11'11e 3TOJ;'O Bonpocil 
MOJKeT /l3.Tb CIIOC06 IIOJI_yqeHl!JI MO,lleJibHO~He3aBl!CIIMl,l'x YI{a;aHIIH o·up1Ip~,lle'1,111~rokaHaJib~ 
HhlX p~30HaHCOB. -B noiiirntt K-MaTpllI(e pe30Hanc B 3aBIICl!l\lOCTII OT Tl!na KJiac:Tepa MOJKeT 
OIIIICLIB3ThCH 6oni.me" qeM O,llIIIIi:i IIOJIIOCOM _Ha p'eallblIOli 0 0CI! .. Hanp11Mep, ·, eCJII! Ha. q>II311-
qecKOM <incTe' pe3011ancy cooTBeTcTBymT:·Hyn11 · ii aMnlliiTy.llax .nayx cenaaHH11'x · npoI(eccoB 
paCCeJIHIIH;To B X:MaTpnue OH npe,ncTaBJ1ReTcR',neyMi1 nomocaMII, , '.. :_., . , ; i',, 

Ha'yqanac1, Tamimpon1, aaKpLIT~x Kananoe B cpop~111poei1111111 Mnor0Ka11an1,1111x J>eaonan~_ 
' COB.: YcTano:iineno, qTO ecn11.ii·nonnoii 1(-MaTpttue pe3011ancy codrneTCTBYeT ~~JIJOC Hape-

aJII,HOit OCH, TO B q>aKT~qecKJt IICIIOllh3yeMOH np11 anaJ'[l!3e, pe,lly,u11pOBa;,ion,J(wMaTJ)IIUe, 
"cBn3aHHOit C OTKpLITLIM!l KaHaJ1aM11,, 3TOT IIOJIIOC 11;•3a Blll!JIHIIR aaKpLITLIX KaHalloB'pacme
IlJIHe'.i:cn H<!- HeC.KOllbKO IIOJIIOCOB, OTJIIIqlITb KOTOp1>1e OT MHoronollJOCHOro npen,c:TaBJleHllJI B J(: 
'M:aTpllI(e .llllR peaonaHca; on11c11BaeMoro onpe.uene111111M; yKa3aHHLIM. B11me Tl!IIOM KJiacTepa, 

, MOlKHO llllllib, nayqan 'pacnpe,lleJie~11e IIOlllOCOB'.na_ p11MaHOBOll IIOBepx11ocT1i, -B S:MaTpilue 
. "ney:<IeT BalKHOTO 3aKp11TOro RaHalla nplll)O.UIIT,;{ IIMl!Tal(l'III ,nonOllHl!TeJih,HhlX COC')'OHIIl!lf.;. 

/ .. ~•:,, Ilo1ca:iaHO; ~TO .B cnyqae CB/13aHHLI,X Kal;aJioB, a1ian11~ ,naHJILIX,, no O,llHOi,;Y .rrpoueccy 110~ 
· 3B,OJIReT npe,llCKa3LIBaTI,: aMrrirnTy,ni.r. OCTaJlbHLIX.· CBJ13BllllldX '.npoueccoB. npll: onpe.neneHHOM 
npe;uroJI~ffiel!llll: OTIIOCllTeJII,HQ q>OHa '( 11p1IBe,lleHU COOTBeTCTBJIOIUl!e q>OpMy7111 ,llllR 2- 11 · 3-. '. 

· KaHaJ11,noro no.ux~,noB ). Ilp1IqeM aTo MO;KeT 6LiTh .nocTl!rHYTO .neyMn c11oco6aM11. ~ ,c IIOMOlllhlO 
. qiopMyll. ananunqecKoro' npo,!!OJl}l{e,HIIJL 11a pa3Illde:n11CTld. P,IIM3IIOBOli_. nosep:irnocrn ·c Ta6n.1 
11 2) 11 c 11c!!OllL30Ban11eM, coornomeHIIll, T1111a Jle J{y'io-HLmTom1 ( cpopMyllLI .(8) 11 (19)). :
CTpyiiTypa pHMaHOBOit noilepXROCTll yqllT1111aeTCJI, c' IIOMOlllblO' Yllllq>OpMll311pyIOmett nepe0 : 

M,enncitt; •. Ha npaKTIIKe . llYlKHO hcnOllb30B3Tb o6a cnoco6a.' Ec~ll -BTOpoll: cnoco6, B!!Cb;,t:'~ .• 
IIOJieaeU: ,llIDI COBMeCTnoro aHaRII33 .uaHHLIX rio, CBR:J31lll11M npoµeccaM,}ITO 11eo6xo,nnMO ,llllH 

·-. - •• - - - - • '' ' ... : - • , -. • >. - • .- • ' • • - -.• ' -· - - : .- \;. ~: 

,, ,,, ~\~. :. 

18 

' 
( 

'-

'/ 

-? 

',•( 

• "' '.: •• ' •. j 

nposepKn rrpe.nnonoll{emrn 0Tnoc11Ten1,no <j,ona 11··,ll;ui' 1~ony•1e1111n 6onee TOqH11x 3HaqeHull 
KOHCT3JIT CBJl31I.pe30ilancoB C KananaMII, TO 11epe1,1i(.naeT.B03MOlKHOCTb:OI1pe,llelll!Tb liJ!a-. 

· CTep11 113 nonrocos II Hynell, ~pe.ncrnBmiiomuc 1>e3011a11~iJ, 11 110.1e3e11 npn 6oiiee .neTaJibHOM · 
oimcaHl!H !pOHa (cM.1 Ha1Ip11i.1ep, o6_C)'ll{.QCHHe norne Ta6Ji.3 ~'npe,ll~'A_Vlll~M paa;elle), . , 

MeTo,ll npo.ne11oncTp11poBa11 Ha·np11Mepe ana.111:ia :mcnep11Mc11Tan1,11u,x .naiin11x no 11aocKa-
• .impuoMy S:BOJIIIOBOM,Y irir-paccenn1110 OT nopora /1.0 1.9.fc>B B 2-KanallLIIOM.paccA!OTpen1111 
( C RBH11M yqe~oM' I( K-nopora) 'ii OT 0,7 .no 1,6 raB B :3-.Kanall~IIOMIIO.UXO.Qe (i: JIBllhlM y'leTOM 
/([(- II 7Jij-noporo~). 2-I{aHallbHLIA no~xo,n ~ope,nen;IIHO rosopl!T OHC06XO,!UiMOCTll H.BHOro 
yqeTa 

0

7/7/·IIOpora (113 °CpaB1ICHl!H npe,!!CK333HIIJI 110 11p011ec,ty ~ir ,:-> /( /( C 31{C~ep1I~leHiallbc 
~~~II ,ll3HII11MII), T~r.na KaK Y.llOBJICTBOpi{TeJILHO!.' 01111cai1~e C ~YMH pe;o1iaHCaM1I Uo(975) 
ii /0(1500)) irir-s:BollHhl BnnoT_h .no 1,9 f3B 110J{a31rnaer, 'ITO oo;Mom1111e.upyr11e cKaMpH11e 
Me30H11 B 3TOll ~HepreTl!_'leCKOll 0Ull3CTI! (iianpiiMep, lo( 1.590)) HMCIOTOTIIOCl!Tellbf!O ManyIO 
CBH3L c 71''/rcCIICTeMoll.: Ecn11.peanL110 roso.p11Tb o napaMeTpax· Me3011a, ycnosno 060311aqe11-

, ,noro naM11 fo(1500), M~lK110 JilllIIL 11p11 nHnoM y•1eTe 'no Kpallnell Mepe eme 7171'-no'pcira, To 
,QJIH MC30Jia /0(975) yJKe Ha .naHUOM 3Tanc· auamiaa 31{Cllep11Me11Tallbll1IX ,ll3HHUX 113 ,nony

. 'le11i111x 3I1aqe111IllKOHCTani CBJl31! C ,r,r: 11 '/{A'-1,;111amu111 II C Y'leTOM llllldx'q106palKeH11ll; 
'CBH33111111X co CBOllC'fB3MII n:rnecni11x rna11J1p!ll,IX:~l!':lOIIOB (~~1.;1ia111ni1iep;·[10, 11]),''Moll{HO 
.. cJienaTL BLIBO.Q O 4-KBapKOBOll 11p11pOJ1e.31'0(0 CO{T;ll!IIIIJI 'i1m1 0 3i1a•111TellbllOA 4-miapKOBOl! 

~OMII~HenTe.B He~. 3aMCTIIM, qT~ paciio~l~)li('lllle IIOillOCOB Ile orne<1aeT CBJl33HHOMY I{ I(, 

,i:oc~o11111110,'qTO cornacycT~~ C M(!.QCllhH0-\1e3ai111C11MIJ~I )lC3YllbTaTo~, pa6oni [20]. BnpOqeM 
CllejzyeT oroBoplITbCR, qTQ ycTaHOBJICHHaJI Clt:lbllilJI CHI!:!!, fo{975) cl{ /\-CIICTell!Oll 110.UBO.QIIT 
K He06XO,lllIMOCTII llCClle,llOBaTb-i!pyroll 'mu' npeJ(CTa Bll<'IIIIH non 'l~CTIII(ld 1i~' p11Ma11oiio.11 no .. ,". 

,' BepXHO~Tll (IIMeHHO, (u)); J{Or,Qa HYllll Ha <j111~11:1ernoM /lllCTl', _COOTRCTCTBy1ou111e'pe3!)lian~y •. 
· :.nMeroTcn He TOllhKO B Su, ,io II B S22. ,_ . · . · ., · . . .'. 

. . ' Cne.nyeT oco6o CH33BTb O npe,!1JJOJ1ara~Mo~tci.a;;·,11;110M COCT~IIIIIIII lllllKe 'goo MaB'. XoT.ii" 
611no yll{e noqT11 '06nie11p113JiallllO,. qTO' 31;Cri<'p11hll'IITa/lblllde . .nanime •IICK/llo'laJO·T. HaJ111q11e' 
aioro peaoI1anc1di], o.nna1m Oil BpCMII OT n'peAl!;llli i1011n.nneTCJl'B pa3111,1x pa6i>Tax. Heiia-. 
BHllii 'ai.innlI;j'.!\Hhlll an~llll3 [32] .na1111ux no 7r_+; I. .... if+rr-p II H3Y'ICJIIIC B IICM 311B;!CIIMOCTII 

.. OT MYXIIIIOIIHOlt MaCCJJ B KOlle'lHOM c'ocTOJIJlllll IIHB.O)lJn'na MIJC/lb:O ~03M0lKHOil cyuiecrnoea, 
'. JIIIII cocTonH11afo(750) c m11p11110li ~ 1,50;!\hB. Bo ttci1HoM· c;1y,;ae H rionecrny .nun Bonpoc 
o6aTOM i,;eaon·e· CTaB:IITC',i 6one~ naCTOHTCJl~IIO,· l,13 ·ieo'1)('Tll'l~C!{liX pa6oT' B no~nem1ee Bpe~;n 

.. 3TOT Me3oH; BII.QIIMo, :oco6eHno nocne.no~aT<,m,110· 06oc11osu.Ba;1c11,. nanp11M~p, B·KBapKoBOll 
_MO,lleJIII. ~11ep~~pOBO.nJilltero TIITTa (ttap1ti1IJT MO/lt'JlU_ Jl,rn6y -, l-1011a 0 !Ja:11111110 (NJL)) [33]. 
B NJL-MO,llCJIII,(KaK_II Jrnneiinoli O'·MOJ(C/111) ·11ii1i'~iaccu II IIIUJHIIIJd pacna.na 'a:-. irir no-

• Jiy~aIOT~. c~o~BeTCTBCH;io 311aqe1111n.;..,, 700 11 '~· !JOO l\hB. B noJ1xoi1e,' o;n~Iiai1110M na 
11cnci'nb30BiiHIIII 111131m311cpre1:w1ec1rnx Teoj){'M m1p_1·11l!'H11~ii !i11p~i1i.11oll C11MMeip1111 11 ~iac
lllTa6Holl_misap11a·11rnocni C 3q><j>eKTHHllljM narpal!Hillill!OM, CO/l<1llK·a;UIM rnannpnoc none 
(rmo6on) [34), :nplI IIHTepnpe~aUl!II pe3011a1!ca fo(lii!)0).11ai1 Ol!.'CI! l;BapHDllllJI II rn;OOl!IIJI' 
[15J.6onee nenmM-ero rraprnepoM ns11n6cb mnpoHoc· 11 ir_1r:1ia11a.ne co~rn111111c npm1cpno 11p11 
920 MaB. He.naBHO B 6n11al{o1,1 K nornc.nnrMy, 11011xo;1,,; oc11oea11110M · Ha NJL,Mo.ne.i111, .no-·. 
11onne11~oll n~neM .n11naTaU1111 '(rn106~nOM} [35], 06cyli,;1a;1ac1, B03MOlK;;OCTb 11i1Tepnpc;au1111 
pe30HaHcafo(1400) K3K cy11epn0311llljH'71]·: II 99·COCTOJIIIIIH, TOl'Jla er~ 60;1ec ~ern11M napTHe
poM 6i.ino611 cocroau:iie· B palloue 700 !\bB c 0•1eu1, 60;11.moii 1unp1111oil irir-pacna.na·. Ham 
MeTo,n B·1Icnoni,30BaH1111x ,lla1i1111x He 061iapy>i.11oaeT.1111i«i1mx-coc1·on1111li irnlKc J.; K-nopora .. 

.Ilo3TOMY ,eCJIII .-iaKOll·lll!6o II3 :yKa3aHHhlX. iw:iona_11coii''ryn1ecteyeT, TO Oil 11ena6mo.uaeMo. 
illl!pOKIIll, 3aMCTIIM, .qTO B n~,nxo.ue [34) ·irir-11111p11na CKallJIJ)Horo rll!OOIIIIJI 3aa'1icnT OT. ero. 

• Macc11, Kai 5-R CTeneHb, TaK qTQ Bldllll~' I !'313 TaHOl' COC-TORIIII<' 61J.no '611 1iena6J110,naeMo lllll· . 
'poK11M.' EcJill JKe' CKallRp~LIC rnm6om,I cyiul'crnyior JiilH .O'f/ll'Jlhl!Ue' COCT{l~Ji11n, 'To !IX MO}~HO 

' .. ,. ' ... _ .... ·. . . ' ' . -



/ 

, , ' . - ' , , (, 

/ 6uJio 6u-ua6mo.n~n, Hume 1 r3B._HanpnMep, ecJiu 6u f 0 (750) 6uJI riiioonneM,-'ro, cornacuo 
- q>opMyJie s.iiiriica-JlaHIIKa [34), ero Wl!pl!Ha 6Lina 6Li ;.._, 150 MaB. ~-- - --

. HaKoHeH, 3aMeTIIM, qTO; icoTJI llpII TPY.!lHOCTII_HIITepnpeTaQ~II 113BeCT!ILIX CKaJIJipHLIX Me-
30HOB mil< o6u~uux qij-~oCTOJIHill! rrp11ao.n11n-11ci, apryMe1iTLi ( ni':, uanp., ofo~p-,[l i]), qTo 3;II 
nocire~ll:e MOrJIII 611 pacrronaran,cn BLIWe 1,7 r3B,_o.nilaKo.ue npeKpama!OTCJIUOllLITKll CBJI--

-aaTL c· Hl!Mil_yme H3BeCTHLie Hll3KOJiell{all{II~ CKaimpuue COCTOJ!lll!H •. H~npl!Mep; B He.naai1el! 
_ patioTe [36] CKaJIJipHLie Me30HLI . aa(980), Kti(l430L.J~(975); fa(l400) llOMe_maJOTCJI II q'q-. 

H<>HeT _c npe.znioJIOJKeuuoll: cxeMoll: cMew1rnaH111I ero qnen·oa, _orn11qa10mel1c1I oi- c"n.neani,nol!" 
JIHWL B 3HaKax ·He.iiI1ar~rnaJILHLIX 3JieMeHTOB COOTBe~crny10mel! Maccoaoii;aTpI1!1LI ~ CllHrJieTc 
O~T~HOM 6aance._ -Ilonyqearrue rrpn 3TOM rrapaMeTpLI MC30IIOB; HX _CB~311 C rrcea.noc~aJI1Ipa1om 
II .!lBYMII q>OTOHaMll Kai{ 6y.n~o-He np~Tl!BOpe'IaT ne TO'IJIO 113Be~THLIM ~Kcnepi!MeHTairi.HLIM C --

.nai:in~M. - ·- · · · · · · · ' 

IIoJiaraeM, peayiiL~aTLI naweti pa60T11 II .npyrnx o6cylK]leHHLI_JC 3)leCL pa6oT rro.nqepKii
'aa!OT -BalKHOCTL .naJILHellwero CHCTeMamqec1ioro·113r1e11111I 11po11ecc0B pOlK.!leHHII "Ir- _ll -K
Me30HOB na ypoane aMirnnTy.ifirnro auan113a oco6ea·1io B ~Kcnep-l!MeHTaX ua noJIJipll30Banaol! _ 
Ml!WeHH na a.npoHHLIX cpa6p11Kax; .nanLHei!wero tjia:ioeoro anaJIH3a HaK HHlKe, Tai{ II BLiwj 1 --

-r3B ll nocJie.nyroll{ero Il3Bneqenl!H H3 uociie.nmix .na11111,1~:Mo.neJI~110-11eaaBHCHMOl1 l!HcpopMa-· .. . ' . . . . . , ' ,' . .,, 

HIIH O ~KaJIJipHLIX _Meaonax. 
1 

. _ _ , _ -- . , _ 
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.ii~HLle o6cym.nenHH . .l(aoe ll3 aBTopoa'(M.B.A.' H·C.10.C.) 6Jiaro.napJIT Poc_cnllcKn/1 cpoii:.n 
cpyn.na~eHTaJILHLIX IICCJie;oBaHl!/1 3a 110.n.neplKKy (npoe1n·JV~:93~0273807)._ . -
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