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rua.{Kti ropr,ro)KeHt{q. KaK noKa3aHo ua puc. 5) ne_
,T I,II{ H H A N{ }4 }I H M ATIbHO rO N PCICN b H OTO AKTI,{BHO IO
co nporu Br're H Hrr o.rlH o f o ycrpolicrna ILlt g o6ec ne.re _

l.rr.rfl lrnTeJ,:rbHocrr4 rpex$a:Horo x. g. 0. 1g c cocra_
nut Rr:0,69 o. e., T. e. troxer6rrrl cul.lxeuo 6o,ree
,rew Ha 50 %.

flpu :rov B cx] tae xopperrHoi.i pa6orsr bslcr-
po,qe HcrByro ur r.{ x Bbt K_ir }o q are.l e r.l t{ or rcl }o q e H t r q
K. 3.3a BpeN.ts 0,1 c vpe:llrepHoro neperopMoxeHr.t.q
feHepaTopoB )'xe llocne oTKtlorleHhs rIryHTa K. 3.
He n poHcxo/I r4T, a 3ne KTpO N{exaHi.l Ll ec K t I e flepexol _

Hble npoUeCCbl IIOCT€neHr,to 3aT,v-XarcT B nOCjleaBa-
pniiHol.r pexnMe. qro BbrpajKaercrr B:tlBHXeHrll{ Do_

TOpOB Cr{HXpoHHbrx N{aillr{H K TOrrKe rropN,rtujbHofo
ycTaHoBr4 BrXef ()cfl pexl{Ma.

Thrtnr o6pa:o ivr, nperrcra rrJ e H H bre pacqer br rro -
Ka3brBaror, qro nptrMeHeHne ycrpoilcrB 3neKTprr_
qec Kofo TopMoxe H t{f ilo3Bo,.lqeT npaKTHqec Kr{ H a
rropflr,oK rroBbrc r.rrb oue H rr Bae \,r bl ii n o npeler bHo_
N.{ y ilpe N{e H H OTK,rl rcq e H n fl ypo Be H b n r,t H al,t u.l ec ro ii
ycroRq t{ Bocrlr aBToH oM Hoii :Heprocu cre lr u H e$ _

Te f a3o llo to N,I e C TO pO&{ { eH 14fl Ir p t4 C KO,t b v f o,il H o
cJToxHr,rx aBapnii Hr,rx cnryaunnx 6e: ueo6xo^tlrlro_
cTl.l yxy.4 ue Hur r.r a H e Bpe H Hbrx xapaK.rep ncTr4 K af _

peraroB, qro 6sno 6sr Hen;6exHO npn vBerTl,rrreHr..{r{
HX N{C,XAI{ h qCC KHX I{ HCPUfi OH H bIX IIOCTO'{HH bIX.
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OOPM bI KPYTUNbHbIX KO'IEEA HUiI

06ec re.{e H tle MexaH Hr{ec KoIZ rtporr Hocl 14 KoH _

crp_vKur4t4 ryp6oafpefara B aHHaMI,{qecKux pexr4_
N,rax - onHa H3 Cepr,e3ireiluux npo6,rev. cTorr[Ia.rr
KaK fiepen 3neKTpoN,laur4HOCTpOeHr,reM, TaK h rre_
petr 3Kc [_[yaTaur.toH H brM t{ H n poeKTHO_ HCCXenoBa_
TeJ-I bC Kt4 N,t I{ Opf a H 143aUHrr Nl H COOTBeTCTByTOilIe rO
npo014nq. Meroaura. ficnorb3yrouaq pacqer
H AHA,IA3 CO6CTBCHHbIX 3HAqCH14}"I 14 COoCTBCHHbIX
Be KTOpOB, n03BO-[rr eT n onyr{uTb npeIcTagn e H r.{e 06
ypoBHe 4eMn@nponau lra xo,re6au lr fi B HccxenyeN,r r,rx
cJToxHbrx chcreMax: Ha6op co6cree HF{r,tx :H a.{eHr4 ii

X.B. Axamu, 6.T. Ka7xeu,
A.H. 6enne6, C.B. Cuonofux

BAfl On POBOAA TyPSOATPE rATA

onperelfler ypoBeHb -vcroiirtuBocrrj td cKopoc.rb 3a_
TyxaHilt Bo3MyrueH14ri, a coorBercrB),Iouir{e c06_
crBeHHbre BeKTopbr - Soprry nporeKaHtrrr [epe-
xor]Hbrx npoueccoR. B HeKoropbrx cHcre\rax
yn paB"qe H l{tl n epe XOn H bt M r.r npo Uecciiir{ il pac q eTbr
co6crBeHHbtx BeKTopoB HocrorbKo xe (ec_ln He 6o-
xee) BaxHbr. KaK H pacqeTbr coocTBeHHbtX 3Haqe_
Huft. CllcreMbr ypaBHeHuit. Ltts Kor.opbtx Benyrc,
pacrreTbl co6cTBeHHbrx BeKTopoB. JOjtxHbr 6srru,ru-
H e r{ H L,l N{ H. 3a }.,r KHyrbr N.,l r..r. fI oc-l enH n e n Ba .rec.rrru _

reT 14 tr B ynpaRn e H 14 U 3,IeKTpr{q ec KL{ Mr,r C HCTe MaNt r{

r69



Havqno-rexnhqecKhe Be,4oMocTh Cn6fny 4' 2048

6 ur.r r.r ur upo Ko pac npocrpaH e Hbl Nl ero,lbl. oc H oBaH -

Hbre Ha peIUe Hfitt npo6,revlt co6crneuultx 3Haqe-

Hrrii [1].
B crarue paccl.{arpttBa}orctl pexllN{bl ll $opltut

-lBr xe H r{ q Kpyrtul b H bIX rco.le6aH n l"i BarlonpoBorloB

1 p6oarperarog TBB-200, -500 n - I 000"

MaremalnqecKoe MoAe,'IllpoBaHHe

KpyTI{J'IbH blx ro,re6au nri Ba,,'IonpoBo'[a

Ba,,ronponoa MourHoro r,vpSoal perara (pnc. I )

rrpercraBnter co6otZ cxoxHynl xo;re6ate,'i sHyro clI -

cre\ry c .lacrorHofr xapaKTepficruxoii. ttrtctouteii
pe3Ko Bbrpa+(eHH bte pe3oHaHcHble rr l4Kn. Hart6oree

C!'UeCTBeHHble rlaCTOTbI BanOnpOBOr:Ia HaXO,lfiTC.s

B.rrlana3oHe 8-60 lu (y praa ryp6oarperaroB H143-

uiaq co6crseHHaq Llacrora Ntoxer troxo,ql4Tb ,1o

-1-5 fu t5-81) t4 xapaKrepn3ytorcr Hl43KllM ILeMr-

SuposaHnelt.
Kpyru,l nu st e ro;r e 6a s n tl Ba-q o rI po Bo.ila B bI3 bl -

Ba nrcx c rcav roo6pa3H bl M 1.1 l{ 3 ri'{ e He H l'l I \'l H cper H e -

fo 3HarleHl'lt 3,[eKTpOMafHl{THofo \{oMeHTa' KO-

TOpbte cBfl3aHbl c KoMNlyTatIHtl\'lu. a TaKXe KoJ']e-

6aHr.trN4lt 3HaKonepeMeHIlblx NtoN{eHToB pa3H F,lx qA-

cror. KpyrllirbHbte Kor'le6aHilx xapaKTepH3ylol'cff

3Haq ilTer bH bI\{ t'l [o Be,rl LJtl t{ He c Kpyq 14 BatouIH 1\l 14

N1OMeHTaM14 IIpt,l BO3HLlKHOBeHnU KOpOTKI{X 3aMbl-

raunr)i r.r rIX orta[]oqel{Htx. a raKxe rpyi't'l}{I4 aHo-

N{ULI t,H bt M t4 t Brt e H I,'l tl Ni Ll. }4 : gccrn st c-rl y'qal{ Hap}'-

[IeHt4fl N'texaHHr{ecKol.i npoLlHocril yqacrKoB

Bano[poBona fip]'l BoIIl)'uanufix Bolner4cTBl'{tlx

He6o,rlutoi,i aN{nnuryabl, }lo c qacroroii. npu5,'itl-
xarcueiicq K onHotl n3 pe3oHaHCFIblx qacror Ba-

.qonpoBo.[,4.

Aualn: nora:areleii ycronvunocrl4 H xapaK-

Tep u cTI4 K KoneoaTe,rl bH bl x ?jle KTpoM exaH 14 qec K H x

flpoueccoB, cB.tl3aHH blx c Kp]TilnbH bl M u ro,le6a H n -

rr M I,I Bar,'to npotsora ryp6oarpe rara. Bbl tl or'l H tlnc g

Ha ocHoBe AI4$Sepeuuna'rbHbIX ypaBHeulrfr nsl4xe-
H H q COCpe,IOTOLI e HH bIX M aCC, COeAI4 He H HbI X ynpy-

rur,t n 6e:lt nepuhoHH bl lll lt cBfl 3fl I\'tIt :

T, .,:o+ D6+C6= M, (1)
o).

r.qe 6 - BeKrop yrnoB 3aKpysL4Baulls coorBercrBy-

rorrlr4x Macc, paA; M - oexrop Bpaluaroueto AnLr

TOpMO3qlUe fo M oMeHT'a, ilpl'l'qo)Ke H HOrO K COOTBeT-

crByro[tet"{ Macce, o.e.: TJ -.IlHaroHallbHa' Mar-

pLI Ua MeXaH urjec KHX HHepul{oHHbIX TOCTOqHHbIX

3,'telf eHToB TJ I TJt , T1 2 , ..., ,T1n\; 
at.^ - cr4HXpoH-

Hat qacrora BpaueHuq, panic.
Crp-vxrypu Marpilu xecrxocreft (Q i't rco:$-

r|uuneuron leunrf nponanus (D) yqacrKoB BzLrlon-

poBoaa r{;LT tOCTphpytcTcg BblpaxeHI4fl Mlt

ct2 -ct)

-Ctt lr+Cr; -Q3

-ct2 c)3 + c14 - c,t4

L(, l)(r-l)

C n\n-lj

Crr.tr =ct :.

l

D.

f-la

Btf

; (2)

(\r-l\n

C,,

t
l

I

l

I

I

301

Htl

Hb

C,,.,, -c1; 1y; +ciqi+tri

C1i.i*r\ =Cti*t.il = c(i*l)r = -ct(,*t)i

C(r''r) = C(r-1,, ,

r ne C, - xecrKocrb yqacrKa BanonpoBoaa, o. e. / paq
I:2.3.....n-1,

(3)
FrC.

+t'.1

nr:

&-'

-.
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Puc. 1. Crpyrrypa Ba,ronpoBo.[a ryp6oarperara



dtt

d12 + d.1 -dt1,

- dtz Llrt - d,, - dt,

dtn-ljtn-t) dirt-t)u

(ln\n-tt d,,n

D11.1y = dp,

Dr.i.i\ = dri _ni + diti*11',

4i.i*tl = 4,*t.i) = dti*s,)i =--diti*u,

n =.,1"\n-ilJ "ln- llrr'

rne, - N{arp n ua Ko30$H Hrle HroR .[e M r0 npo BaH r.rrr

B3a t{ M H bl x KLr-\,Tun LH l,l X KOn e6aH L,l tl 3,'l e lv1 e HTO B.

AHa;rns c06crBeHHbrx 3Ha!reHuft

n co6c'rBeHHbrx BeKTopoB

flpn aHan n:e co6crBe H H brx 3HaqeHH ia r.rcno;r s-
30BaH bl cTaHltrapTH[,le .1 I I He il H bl e C laCTe M bl ypaB He -
H H'a COCTOTT H Ll s. TaKO i aH a-l l{ l trB-tt fl.eT c A }'to6H br M

cpeilcrBo M oue H Kr,l fi oKa3arene il ycrotiql{ Bocr v ct4 -
cTeN{br (npn u:yveHr4}4 pe3oHaHcoB Ha noilcr.{HXpoH-

Hbrx qacrorax, cr{Hre3a crpyKryp pef},-rrHpoBaHns

r{ T. A.), ocooeHHo &Trr c.'roxHoir crrcTerlbr, Bra'rrcqa-

nue il c 14 H xpoH H br ri reHeparop r4 yqHrbr Baroue il
a$$exrrr B3ar{\{onefi crB 14 r Bo3N,{y ua io[r 14 x H ae N{ -
nOfipyFourux r\'roN,{eHToB Ha OoHe N'r Horoqacrort-{brx
KpyTlri.r bH br x Ko.re6aH 14 fi .

Peuesrre npo6neMbl co6crBeHHbrx 3HaqeH 14i;l

Tpeoyer BbrrrlrcJTeH 14r co6crBe H H br x Be KTopoB, Ko-
ropbre Hecyr BaxHyro r4HsopMaunrc o cBoilcrBax
cucTer!,rbr. Ecrlrlea T'hna co6crBeHHbrx BeKTopoB -
IIpaB ble t{ .rle BbIe. ou ll lrcn o,l r,3-v foTcfl c,l enyru u r,t N{

o6pa30N,r:

il p aB bt Ii c o6cTBe H H br r:i Be KTo p r{-rrJr ro c rp r{p-ve r
Sopuy Kone6aHlrri. r. e. pacnpeae,'re Hhe aMttrHryr
n Sa: xore6aHr.{11 gxeMeHToB cHcrer\{br Ha coorBer-
crBylolue ii coocrBe r r Horl .{ac'r'oTe i

neBbr ii co6crBeH H br ii Be KTop ri oKa3brBaer orHo-
CilTe,'lbHOe BJItlqHUe H3N.{eHeHl'lt HaqiUIbHbIX yC;-IOBl,tfi

napaN{eTpoB cocror Hr.lr Ha oopMbr Ko"le6aHnr:i.

flpanue co6crBeHHbre BeKTopbr rroJ're3Hbr nrrr
aqannga xapaKTep t4 cTr.r K Kone 6ar{ H r1 c r4cTe N,r bI, Ha-
npHMep fipoueccoB npr{ noncHHXpoHHoM pe3oHaH-

ce. tr4cflonb3ytr irvr BeKTopbr, N{o)KHo oueHarb or-
HOC HTer bH bre aM frn Hry.4 br n apaMeTpo B cocTorrH14 q

il pr4 3aaaH Hor.i oopNr e Kor-1e6aH l,rr:i (co6crne u HotT

rlacrore). Taxlrv o6pa30tv[, Mo)KHo onpene,'ltrb, Ka-

Kt{ e fl epeN{e H H bte cocTofl H Hfl t{ NIercT Ma,le H bKl,l 14

ni460 Hyn eBoii :$$err B pacc Marpl{Bae Moi'i Sopue
Ko,re6aH r,r ii r4-ft ti. H ao6opot BHoctIT 6o,r nu ot)i BKitan

B npouecc. Sror aHil-q n3 IlaeT Tot{Hoe npe,[cTaB.[e-
HHe O COCTaBe nepeil.{eHHbrx, KoTopbrMH Heo6xoxt{-
N,{O ynpaBnflTb, qr06br no{aBr{Tb orrpe.leJ'reHHbli4 BHn

KO.,Ie6aHrlir B,laHHOii CnCTeN4e, H O TOM, KaKHe lla-
paMerpbr cl4creMbr uenecooSpa3Ho H3N4eFIgrb, qro-
6n yure H rruurb r4.x ar{rn LrT yitL,t.

AH a,'m: $oprw xo,re 6aHufr (Moaa"lbHblft aHa,'u.r3)

B ypaeneunn ( l), uore,lup]"Ioiile\4 Kplrr4J.'tbt{ble

KOJI e6aH r4r BAlOnpo Boaa, Nlox Ho npe H e6pe,r b OaK-
TOpOi\{ IeMnsHpOeaHnr, qTo frpr.4BeneT K ypaBHeHHX)

T, ..

'6+C6=h[, (6)
olc

KOrOpOe yno6Ho npercraBr,rrb B c.leJ.ytouefi (ropue:

_ ,,r,_C6 =r, M. 0)d+ '7' 'r
'j'i

Marpnua 9c - HecHM\lerpnqHal rpex,irt{a-.T
.J

roHzlrt bHafi . crasi4rcq 3arlaqa ll ccJ,le,IoBaH ilfl c B0-

6olurrx fapMoHr.{qecrux xo;re6auHti B cHcreN{e 113 fi
rr.rS(repeuur{arrbHbrx ypasHeH n ii Broporo nopt,rKa

O = -ia . Xaparrep Ko-rie6aHt{H 6e: yuera npanoii
uacru (71 on'icbrtsaercrr o-rHopo-rHoii eilcre\roii
ypaBHeHI..{H

lut, -| =L'-)"1 lS = 0. (8)lT, IL't -l

Xaparcrepr.rcrr4qecKoe ypaBHe Hrle Kpyri4n b-
Hbrx Koire6aP.ul/. - 3ro onpe/le-lr4Te"rrb MarpHubr

-t
lo"^.,i
I +C -)"1 I, npilpaBHeHHrri.l rHy"nrc. Koptln2,xa-tt, I

LJI

paKTepHcTr.rqec Koro ypaBHe H rr.q Ha3br BatoTcrr co6-
cTBe H I-{F,IN,l I4 3Haqe rt Ltff M il r{ paBH bl r aa,u.parav co6-
cTBe H H bIX q aCTO'r (r)/,1 KpyTr4J.r b H br x Ko,l e6a H t{ il

i"i=r,t2^ (i:1,2,..., n). (9)

Ba,ronpoeoe. Bpauarcur4r:icq rcar enr,rHoe He,.loe,
q B[rrerc.fl fl oJ'tyon pe,ler e H Hoil cn cre v o i;i, Koropar xa-
paKTepH3yeTc,{ oaHor"r r{nil oonbur.rM Kor-r fl LTeCTBOM

co6crBeHHbIX qacror. paBHbIX Hy-irrc. @oplta rore6a-
Hnfi c uyreeorZ co6crseHHor)i qacroroi'l Ha:lreaercq

l

]; 
(+)

l

dn

-di,

(-5 )
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H I .r e eo ri $oprr.lor7 xo-r e6au r.r r.i . Ec,r il ean o n poBoa co-
cTolfT v3 n E]1.CKOB, CoennHellHblx lvlexny CO6oti

ur - l) -vrpyn{Mr{ 6e:uHepunoHHbrMr4 cBn3flMu. To

no-r)'qaeN,r rrhcr-ro $opu ro-re6anuit (n - l) n,rrcc
H].reBafl cpopua.

noncrae,rqs 1", n cucreuy ypanHeulrir (8), no-
-r) qae\r i-ia npaar'ria co6crsesnrtfi eexrop, r{,'rl4 BeK-

rop Sop v sr, 6.u ynonrelnopx rortn il coorH otueH r{ }o

opil}{H al c rlc ro.ir b3oBaH t{e \I KOTOpbIX C l-,rcTe Ma ypaB-

seHnrl ( l) noxer 6urs npeacraB.reHa B BH,re He3a-

tsi4c r,r N,r brx ypaBHeH u r.1. fj1e Kaxnas KOM noHeHTa MO-

xer 6srrr paipetuel{a ne3aBncI,rMo npyr ornpyra.
lonycruu. B - lrarplrua, n xoropol:r cro,'i6ust ne-

JTI ro Icg npa nu u n co6crBeH H br lul BeKT opaMlt &tl N{ar-

ptruut 7r-| g. i\4arpnua B ue enuHcrBeHHaq, oHa Mo-

xcr 6r,rru yrrHoxeHa Ha npou.lBoxbrjyrc nocrof HHylo:

0 =gn ( l9)
hl ac Lura6 u p-v rc trlaff \,r arp H ua R s e,'l q erct] ru{a -

roHa-lr,solr uarprrrteii Toro xe ca\{oto nopttaKa, qro

Q Q n:m Q . u vacro Ha3brBaercfl voaa,lrHoii var-
plruei'i. norol\,ry rrro ee cro:r6ur,r npe.lcraBntr.or co-
Sotr Soprr sr xo. rc6aH tt il.

Pe:y,rr,raru pacqeroB

A,rr ryp6oarperara TBB-200

,lasHurli afpelar cocror.n' lr., nflTl4 cocperr,oro-
rreliHbrx Macc (poTopoe): ac,r5y.lrrTen.fi , r-cHepaTopa

fr rpex ur4nr,rH,rpoB r1'p6rrusr; ocHoBr'rafl qacrora cH-
crer,rbr - 314,159 pa.l1c. B mo,reru tsirqoirpoBor.a
ryp6oarpe rara c re Heparropou T B B - 200 grlue,,re H sr :

t{acc bt oTn e.l b[i btx 3J't eNle HToB, xapaKTepil3ye-
Mbre 3Halre HurN,rr.t nocrorr'r Hbrx Hr-repu14H I n ce-
KyHnax (UBI - 0.158; UCI - 0,672: UHI -
2,885; reHeparop - 2,3:eor6y'nure,rl - 0, | 26);

yqacTKrl Ba:lonpoBoIIa c cooTBeTcTtsyoru14Mt4

uM xecrKocrr\4r C. Bbrpa)KeHHbrMH 
" 

pua'
([n4 - UCtr - 64,478; UCI - UHI - 67,52;
UHI - reHeparop - 85,8: reHeparop - eo:6ylu-
rerb - 11,44).

BpautarourNe MexaHHrrecKrre MoNreHTsr ceruui1
ryp6nH sr tsbrcoKofo, cpe.qHe r-o 14 H rl3Koro naB,qe H hfl
coorHocqrcq cirenyrcur{u o6pa:olr: 45,35 n20 %.
Top uo:l utla rlt M o M e ur so:6yn rl re,r n rrp ]r H rrr paBH br M

Hynro.

Co6creeHHsre qacrorbr ryp6oarperara TBB-200
cne.{y}orrlue:

<Dopua0l234
Co6creenHas 0 125,12 \74,21 l9l,l6 407,2
racrora, pa4/c

Koua NrexaH l,r qec Kafl c Hcre \r a Koire6,rercfl Ha

oaHoii l,t: co6crgeFrHbrx qacror, orHocnr€;rbHbre
aNrn-rrr.4Tynbr u tpa:lr ornerbHbrx 3:-re N{€HToB poropa
reHeparopa ryp6uusr Ha3brBalorcr Sopnrauu rpy-
rr4JrbHbrx ro-re6asnii. Pac,rer $opv ro-ne6anuh,
npencraBneHHbrx Ha puc.2. Bbrno-[Hfl].rcr a,rrfl cBo-
6oaso aanxyue iicrr M exaH rrqec roi.r c ucreubr fl pr4

orcyrcrBu Ir aev n@nponan r{fl . fI ora3aH Ha.rr Ha 3ToM

prlc)
-tfleT
LUll \1

ILI II
[?'-i,r ]s,,,, 

=0.

Lrr6,,,,=c6*i.

{a',rr., 
a *, = 6f, c6,,,, .

1,
-(1, - 

^, 

j ) 6",jTr 6,i = 0.
uc

( 10)

(12)

( r3)

( l4)

(t8)

(il)
oJ.

[Ipn ylrHoxeHnn ( I | ) HarpaHcnoHnponauHsru
BeKrop $oplrlr 6., norryuaevr

I,1 c no,r myr no.ao6uyro rrpouenypy c ne pe Nr e ri o l"r

!-it vt j-u ttopu, iro,'ryqaeN{

I r, _n\.li

HOH
(

npor
pirc r
Bq:
IJ TO-

0op
\teHr

flocro,rrry r\{arpr4ubr T, n C cnMMerpr4rrHbr,
\rorvr 6slrs :anllcaHbr coorHoIIIeH Hfl

6t^iT.t 6,4i = 6t,n T,6 
^, 

;

6t,r,ic6,rj = 6',,rC6 n, .

Bsrqurafl BbrpoKeHr4e (12) vz ( l3) u ucno,rs:yu
orHoueHr4r ( 1 4), no,ryvaetr

( ls)

t,lr oproHopM 14poBaH Horo co6crgeH Horo Be K-
ropa (i, * )",)

6'*,T16,,, =o . ( l6)
coorBercrBeH Ho MoxH o no,lyq r,rrb nz (1 2) ypaBHe H're

oin,c6r, = o

OaHaroA,u i:7
(t7)

6IrjTJ6 *i = TJ ,ri ,

6'*iC6,n; =C^1 ,

rJe Tr^, v C^i - o6o6ueHgrre, t4nr4 N,{ona,.rbHbre.

\f exaHHqecKaq 14HepunoHHaq nocTos.HHas. 14 )KecT-
KOCTb.

OproHopvuponaHuufi co6crseHHsui sercrop

@opllupyer Ha6op rax Ha3brBaeN4brx N{oniurbHbrx Ko-
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, !-L{r,!.rj;!-l+lf n-rl Hn1*

pr4cyHKe fpaoHqecKr4 $opva Kore6aHHi4 orpe.[e-
Jrfiercq coocTBeHHbrM BeKropoM. xapaKrepr43yrc,
uI4M yrnoBbte nepeMe[IeFrI4rr 3ne]\{eHToB poTopa.

vai Mt rl

***' 'r ]-- .'-=-l=- 
-r---.--

M ona-[ rFran N{arpn ua nrt r,tMaccoBor,i uo,te;r
ryp6oarperara TBB-200 14Meer Bfijq

0,6893 0,2042 -l
0,605 I 0, I 559 -0,7 I 5

0,2247 -0,0402 0,3849

-0,4512 -0,0640 -0,2-548

-l I 0,9067

Ty,'p6oarperaru TBB-500 u TBB- 1000

Banonponoabr 3THX Nrarl14H npencraBJrrrclr co-
6oli uecru traccoBbre HHepur4oH Hbre c14creNl bt, co-
croflurr.re u: no:6ylnreJ'rfl, reHeparopa 14 qe'r'brpex

ur{JHHnpoB Typ6nulr; ocHoBHar qacrora cficreM -
3 14, 1 59 pan/c. l-lapanerplr Monenu Ba-,TorpoBoloB
ryp6oarperaros TBB-500 n TBB- 1000 sKrro.lanr
c,[enyrcrrHe ]vraccbr (:,leneHrlr cncrevti). rrpe,[-
craB,'rellHbre sra6n. 1 vt 2.

BparuanunlZ NlexaHa.{ecrNpi vor',lenr Banonpo-
nola ryp6oreueparopa TBB-500 pacnpe.qereH N{ex-

"ryceKui{n\.n{ UBL UCA, UHII ra LIH;12ryp6irusr
cneryFolrr{\{ o6pa:ov:40,30. I5 u 1,5 Vo.Mexanu-
.recKurZ nroiuent so36vnuTe.rlt npr.{Hqr paBH bIM Fr-vJlro.

Co6creeHFrsre qacrorbt ryp6oarperaros TBB-
500 n TBB- 1000 npnae,reHu e ra6,r. 3.

I
'li

il
l

-0,2e38 
|

(),or46 
| tzo;

-0,001 I 
i

0,0002 ]
s +,Fa f

'+'oFMa J

@cpua 4

1)3!uo."l

Puc. 2. (Dopruru Kpyrt4xbHbrx rorte6aHnu
ryp6oreHeparopa TBB-200

Hyreaal $oprua npl,rHrrapaBsoi,i eAnunue. qro Br.i.u-

Ho H3 BbrpaxeHnx (20) no cro.;r6qalr ua'rpnulr e.
{Dop tr sr KpyrHn bH btx xo,r e6an url BiL{ onpo Bona

tIpoHyMepo BaHbt IIoCJ.t eno BaTe_n bH o co fj'l ac Ho BO 3 _

pacraHi4ro qacrorbl r{ qr4cny n:lreseHuii Sa:lr.
B qacrHocrn, y (toprvrll 1 cauas Hu3Katr qacrora
H ToJTbKo onHo r.t3MeHeuue @a:u. B o6rueu cx-vqae

Sopue c HoMepoM n nplrc.vrutr n-fl \racrorav n wz-
raeHeHsirr $artr na 180'.

Ta6-'rfiua I

Ta6:tuua 2

)Kecrxocrr laracrr(oB BarrolpoBoAa

Ta6nvua 3

Codc'rnenuue qacrorbr ryp6oarperaron TBB-500 u TBB-1000

flocroqnntre HHep[un s.rreMeHroB ryp6oarpera.ron

TNn
Typ6oarperara

flocrosnnure vHepquA aneuenroe | ,c

UBA ucA UHA UHA [eneparop Bo16y4urenu
TBB.5OO
TBB-r 000

0,l4
I ,075

0,48
3,55

147 1 ,47
3,6 l

I qc?

1 .357
0,047
0,1 25

f vtn
ryp6oarpe fara

Xecrrocrn yqacTKoB C, paA'

UBA-UCA r_.lcA-uHAr r_1HI r -UHA2 LjH!2-reneparop [eneparop-
eo:6y4nrer r

TBB-5OO
rBB- I 000

27,45
32,8

44,0
| 13.4

5 5,0
1 13,4

61 \
62,6

7,40
r 9,8

Tnn ryp6oarperara
QopMa

0 l ) 3 4 E

Co6creeHHas uacrora. pa4/c
TBB-5OO 0 | e4,ss I t63,88 | zoo,sz I zztmlzgg,ea
rBB-l 000 0 I 7s,s8 I ll0,s0 I i+r,ot I rso,rt lz37.t6
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<Dopr'.mr KplrHnbHbIX ro,re6aH nit BaJlonpoBoaoB

ryp6oarperaros TBB-500 n TBB-1000 noxa:aHrr
uapnc. 3 u 4.

n-

*l ,1 0,3263

-0,4041 0,2738 -0,3563

-0,0017 0,3091 0,1583

0,4016 -0,0316 0,3566

0,7il 1 -0,578 -0,5670
0,8033 -0.7659 -l

-0,2102

0.5027

-0,9377

0,6377

-0.3466

-l

-0. ooor'l

0,00r3 |

-0,0055 i

o.orsz I' t.
-0,r306 

Irj
Q4va 0

<Dryxa 1

64xa 2

@qma 3 -----*-.-......'.--

Pr.rc. 3. {Doprult Kpyrr,InbHbrx Kone6aHl4fi
ryp6oarperara TBB-500

(22)

AHaln: pe3ynbraroB pacrlera co6crBeHHblx
Be KTOpOB (oOpm Kone6aH H it ) .ir,aer npeacraB,'IeH He

o xapaKrepe pa3B|r trtfl Kone6aTenbHbIX npoueccoB
H n OTe H U t'ItlJI bHO OIIaC H L'IX yqaCTKaX BaJI OnpOBO-

.{a. TaK, anq ryp6oafperara c reHeparopoM TBB-
200 sau6olee onaceH ) {acroK Bana Mexry reHe-
paropoM H Bo36y.4prreneM (cM. puc.2) - Ha HeM

Kone6aHnr c r{acroroft I9 l, 16 pan f c vrMgor Han-
6o,rruryro aMrlnHTy'Ay. He6;rarolpraqrH bIM $arro-
poM cnyxt4T coBnaAeHl4e 0a3, a TaK)Ke 6o,rHuue
aMnnr{rynbr Kone6aHhft Broporz 14 rperbeft oopu
Kone6aHr{rl (174,21 u 125,12 pat,/c). Han6o.nee

IIoApo6Ho c noMoulbro aHann3aropa cneKTpa npo-
aH anr4 3r,{poBaH BaJIO[pO BOA Typ6oa fpe f ara c I'eH e -
paropoM TBB-200. 9acrornue xapaKrept{cruKu
( prac. 5 - 8 ) HJr,rrocrp I4pylor KpyrunbHble KoJIe6a-

HI,Iq Mexny 3,'IeMeHTaMU BanOnpOBO.lla. oUU IIOKa-

3brBaroT cJreAyloulee :

cKpln{r,rBa}ouue MoMeHrbI Mex,qy reHepaTopoM
n soe6yAHre,'reM uMelor K o ne6aH4s, Ha r{acrorax 1 2 5,

17 4, 19 1 par/ c. H an 6oltrua fl awnnury na Aocrufa-
ercrr Ha qacrore KpyrnnbHbrx Koneoauufr l9l pa\/c.
Puc. 5, a AnJrrocrpvtpyer cKpf{nBalourl4e MoMeHrbt

Mexly reHeparopoM 14 Bo36yal,lTeJreM, pHc. 5, 6 - ua-
cToTHbIe xapaKTepl4crHKr4; 5, 6 - cllfHulJl, nocryna-
louuft B aHiuru3arop crleKTpa, 5, z, d - pe3ynbrarbl

a]Hurv3a cneKTpa Kone6aHHii ;

cKpwnBaroune MoMeHrbt Me)Kny UHA ra reHe-
paropoM xapaKTeptr3ylorcq rIacroraMI4 Kone6aH H ii
125, 19 1 pan/ c. Hau6o,'tsuraq aMrn HryAa Aocrura-
ercrr Ha r{acrore Kp!'rnnbH blx Kone6a unfi 125 pan / c

(plrc.6);
cKpfrhBaroulre MoMeHrbI MexAy LICA u UHA

r,r Me lor Kone 6asus, Ha rracro rax 125, 17 4 u 19 | pan / c.

H an6oruuaq aMnxl4'I'yaa Aocrufaercq Ha r{acrore

Kpyrr{n bHbrx xo,'re 6 aFIIa il | 9 1 p al / c (puc. 7 ) ;

y cKpyr{HBa}olul.lx MoMeHroB uexly IIBA
u IICA rore6aHuq notBrqlorcq ua vacrorax 125,

17 4, 19| u 407 pat /c. Hau6olrurat aMnnuryra no-
crilraercq Ha qacToTe Kpyrl4nbHbrx ro,re6aHltft
407 pat/c (prac. 8).

9acroruue xapaKrepHcruKu pwc. 9 - 13 IULrtrccr-
pr4pyroT Kpyr4nrHrte xo,'Ie6aH[q Mexny gneMeHTaMX

BaJronpoBoAa ryp6oarperara c rcHeparopolt TBB-500.

Ocpxa 5

Oopua 0

@cpua 1

@cpua 2

@opua 3

gopMa C

Ocpua 5

23456
Macca

Pu,c. 4. Oopumr KpyrxnbHbrx xo,re6anufi
ryp6oarperara TBB- 1000

B cooruoure Hr4r4 (21) [peAcraBJ]eHa Mora 'IbHal
Marpr4ua Q ryp6oarperara TB B - 5 00, cro,routr xo-
ropofi [peAcraBnfi]or cooofi Sopnru KpyrHnbHbIX
KOJIC6AH14ITf :

[-r | -r 0.847e o.ol84 -l I
| -r 0,8549 -0,564 0.2942 0.0029 0.4597 |

d=l-r 0.4ee0 0.234 -0.4s22 -0.0r2 -0.064n l.rzrr= | -t -0,r652 0,3377 0.5t45 0,0291 0,0t22 | '

| -r -1,6468 -0,2597 -0,1867 -0.049 -0,002 
|

l-r -0,7s958 -0,5682 -1 r o,oo25 l

Coorsoruesve (22) - oro Moazr,'IbHaq Marpnua

0ryp6oarperara TBB- 1000, a ee cron6ubl - 6op-
M br KpyrrrJrbH brx Kone6aHr4 ft :
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a)
M,,. o. e

5)
.,1.:6 ::i

6't .'1

0.8

0.6

0.4

t.Bt1.8t./f

iili:i
rilliliill.i,.i...
Iill,i
li,ll,i

9ru xaparre pvcrvrKt noKul3btBar,or cneayruuee:
cKpy{r,rBaroune MoMeHrbt Mex.uy feHepaTopoNl

H so36ynnreneM orrr4rrarcTcfl xo.ne6agnsun ua
qacrorax 9 4, 1 63, 200. 227 pal / c. Han6ol turaq au -
ilnl4"ryna nocrilraercq Ha qacrore Kpyrr4nbHbrx
ro.ne6aHnrl 227 pat,/c (pnc. 9, a vnnrccrpvpyer
cKpyqHBaroulue MoMeHrbr Me)Kny reHepaTopoM
u noa6yanre.r'r€M, pHC. 9, 6 - qacrorHbre xapaKTe-
pw crvKlr : 9, s - c IarHiL'I, nocrynaloru v,h e aHanu -
3arop cneKTpa;9, z, d - pe:ylsrarbt aHarTr43a cneK-
rpa ro,re6aHufi);

cKpyr.rr4Barouile MoMeHrbr Me)qy UHnl n re-
HeparopoM xapaKTepr43ytorcq r{acroraM L4 Kore6aHvrfr
94, 163, 200, 227 pal,/ c. Hafi6o,'rrurafl aMrnnryga
Aocrl{raercfl Ha qacrore Kpyrr.,rJlbH r,rx ro,re6annri
227 pat/c (puc. l0);

cKpyr{HBarourue N{oMeHrbr Mexly TIHAZ
n UHAI ltMeror ro,re6auus Ha qacrorax 94, 163,
200 pal / c. H an6o.n lm a.q aM nn HryAa H a6,rrcAaercq
Ha qacroTe KpyTr,rnbHblx xo:re6aHui4 200 pal,/c
(puc.11);

...... i..-.-.,..1-....-. --j-... ......i.-. . ...,,. j,
: ,/\: : I ;

".,r+-.''.' 4 "..'..,.1' ".' ..,'.1.,.',,'. .. 1'

. i.........j ):=;{H

cKpyq14Barcruue lvloMeHrbr Mexny UCA n UHA2
co,qepxar ro,re6are;rtHbre cocraBnrroruHe lttsll)Ke-
HHfl, Ha r{acrorax 94, 163,200 pat /c. Hatr6ortilraq
aMnnHTyna nocTHraeTcrr Ha qacToTe KpyTHnbHbrx
ro.;re6aHnft 200pat/c (prac. l2);

cKp) rHBarorrlne MoMeHrbr Mexny IIBA u IICA
LrMenr re )Ke cocraBnqloune nBr4xeHnn. Halr6o.lt-
uar aMnJrl{Tyaa - Ha r{acToTe Kp}TI4nbHbtx Kone-
6anuit 200 pa{c (puc. 13).

AHa,rn: co6creeHHtrx:Haqeuuit - ero yao6Hoe
cpellcrBo .rlrlq oueH Kt,r n oxa:are,rerZ vctori.{r4soctl4
cncrel,t bl, oco6eH Ho c,roxg ofi cI4 cre MbI, Blcrt rcqalo-
uteia cuHxpoHHufi reHeparop r.{ MHoroMaccoslrrl sa-
nonpoBon B ycnoButx a:a h NronerzcrB H g Bo3MyilIalo-
ruHX n aenrnSrapylorunx MoMeHToB Ha done
NlHoroqacrorHbtx Kplrt4JTbH btx ro,re6aHnft .

Pe:y:rrrarn pacqera co6crseuHsrx BeKropoB,
Aofro,'rHeHHbre aHanrr3oM cneKTpoB xole6anuii,
nar.or HarxqnHoe rrpeacraBrTeHue o Su:nuecxoM xa-
paKrepe ro:re6aHnft B MHoroMaccoeoit cr{creMe Ba-
.qonpoBoAa ryp6oarperara.

10

0

d)
q)aia. rpa!.

!t{
0

'?Ctl

-{m

rora. Dan/c

r-lacrora. patr/c 3ll qa.lora. paf,i/c

Puc. 13. XaparrepucrxKn cKpyqrBaloulux MotvreHroB uexalr UCA
r.r IIBA M32, rre3. a-d ananorwtHbr [o3nur4xlr pNc. 5
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Pa:eNrue n:rtcxan u ft ilo pacrIr t{peH 14 I,o ronrHB-
Ho-3Hepreril.recxoii 6a:ur crpaHst H ocBoeHHe Ho-
Bbrx Mecropoxneunti o6yc,lon.nneatoT lIII4poKoe

rrpnMe H e H H e ra:oryp6 n H H bt x 3,'IeKTpocra H unft an-
TO HOM H br X 3Jr e KTpO3Hep r-err4 qec Kltx c ucre v. Eau -
HAqHAS MOI.UHOCTb CHHXpOHHbIX reHepaTopoB,

n0nor'lb3yeMblx B TaKHX CHCTOMaX AOCrnraer 25-
50 MBr, a o6uas MotuHocrb aBroHoMHoii e,lercr-
pocraHur{t4 aoxonHrAo I 50-200 M Br.

3aaa.{eiA 14cc,re.[oBaHnn aeropa 6lua pa3pa6or-
Ka Meponpu gtuit no CHH)KeHI4 lo c Kpyr{ H Ba}oluHX

MOMeHTOB, BO3AehCTByIOUIUX Ha yqaCTOK BIUIa Me)K-

ny reHeparopoM 14 peayKTopoM n pHBonHoro nBH fa-
Tenfi npH KOpOTKI{X 3aMbIKaHutlx B gJ'leKTpHqeCxOli

ceru. B [paKTI4Ke 3KcrrnyarauuvrvMern Mecro cily-
r{ah pa3pyueH ul uy$ru, coeAr4 Hrr }oueft BblxoAHofr

Ban peAyKropa n Bar reHeparopa. I-lpe4no.noxn-
TeJlbHO 3TO IIpOHCXOAI1IO I't3-3a HeCKOJ'IbKI4X nOC-

nenoBaTeJrbH nrx asapnft Hbrx Bo3Myru eHVr4, so:ne17-

crBoBaBurux Ha afpefaT: KopoTKoe 3aMbrKaHI{e

14 nOCJIe OTK,'IrcqeHl{q K. 3. IOBTOpHOe BKJTIOq0HH9

arperara Ha voulHnil y3en cfiHXpoHHoi uarpy:rlt
npH 6o,rrurofi paauocrn @a:oorrx yuon.

C,reryer orna erurb, qro n poreKaH n e nepexoAH brx

IIpOUeCCOB AOnOn H tlTeJ'l bHO OC.IOXHfleTCtl H3-34 He-

6,raronpnnrH ofo coorHoureH hrr Mexny H Heput{oH -
HbrMr4 nocroflHHbrruH ryp6nHu (c peayxroporr.r)

u reHeparopa. TaK, ulfi arperara MoilrHocrbro 8 MBr
c rasoryp6nHHbrM rrp14BoAoM xapaKrepHo coorHo-
IUeHHe HHepUI4OHHbTX TIOCTO'HHbtx feHeparopa
il npuBona 1: 4,0 - l: 4,2 (vev ",{el{e" porop reHe-
paropa [o oTHorrreHHro K MaccaM npr,rBonHofr cfic-
TeMbr, reu 6orrurne rto BeJ'rHquHe cKpyr{HBarorune

r80

T.f . ,Qxa6ep

MOMCHTbI BO3HHKArcT B CCI{CHUI4 MCX,{Y HI4M14 NPI,I

BO3MyilIe H r,rrrx 3reKTpoMarH HTHOTO MOMeHTa f e He -
paropa).

Mare uarraqec Koe NtoAen HpoBaH He BblcoKoqac -
TOTHbIX 3,rteK'TpoMexaHUr{ecKI4x npoueccoB, cBt3aH-

Hbrx c KpyTr4nbHbIMu rcole6asu.trMx BanonpoBoaa,

BbInoJI HrrJrocb Ha ocHoBe gafivcv nLtQSepeuuna,rl-
Hbrx ypaBHeHuli nBDKeHHfl cocpe.[oroqeHHbx Macc,

coeAn HeHHbrx ynpytu MH 6e:u HepunoHH bIM H cBf, 3q-

tr,t n. Kplnra,r sHtte xo,r e6aH I,t g BiulonpoBoAa o II HcbI -
Bar,orcq cneAyroueft cucrevoft n nQSepeH uua,rlHltx
ypaBHeHr{r{ :

1 ds,' -"a =C.r(6" -6.,) +H(s" -s;)+ M, +o.so:
T, dt -ga'-K -u' x u'

I ds- :-Cs7(5g -67) -11(s, -so) -M"; (1)
Tr dt

lt

CH 14)I(EH h E CKPYTI H BA}OUI]4X MOM EHTOB
TA3OTYP6H H H bIX ATPETATOB

ABTOHOM HOli C]'ICTEM bI 3'I EKTPOCHAEXEH ],Ifl

1 dad_".
---:- - rd.

(Dc OI

I d6" 
-.--1- - J. r

cDc dt

rae 6, - yron 3aKpfrr4BaHr4tr coorBercrBytoureft ltac-
csr (a uH4exce d - npnooanofi arperarc peAyKro-
poM,g- reHeparop), paA; rrl - cr4HxpoHHa.fl qacrora

L[Ixarn X.8., Crt,tonosux C.B. I,Icc,re^4osaHne
cKpyql,IBatoulrx MoMeHToB, Bo3neHcTBytotl_lHX Ha Ba-
nonpoBon ryp6oarperara npr HeycneuHoM AIIB ,ru-
nutr // Hayvuo-rexHuqecKr,re BenoMocrn Cil6fny.
2007. Ne 4.
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