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IIpn :pac"~:IeTe r&li'lillTOOIITl!ttecrooc cRcTeM .U."Lll :pemerour Kpyra 

BO.Lt.POCOB, CB.fi38.HIDlX C Tpa.HCIIOpTJIPOBKoi·! -rry'fZOB sap.a:'\elni.bGC 'tlaC­

Tll:U E:!CQKOii 3HeprHU, IilllpOKO IIQ •. <Th3YIOTCH CT8.H,:rr;a~THhiJ:IU n:porpru.i­

!vta:-JU (I) , B OCHOBY KOTOpl:lX 3aJIOJKeH XO].)OillO ll3DeC'I'Hill1 f..ta.T:pl'::'Urri: 

r:reTo;n;. 

0cTaHOBHMCJl Ha 3a.n;B.'!8 OIITlL"vM3a:u;KH i.E.!'lfiiTHO:!i C!1C'I8W1 C IIO­

iJOmbiO rrpor;:ar:rr,JH TRAMP! B npnMe:ae:mrn: K s ... 1eKTpOHHO!·.;y crteK'l'pm.te'l'­

V/ f2J , COCTMII1eMy H3 .IJYIL1!eTa I<ll3,IlJ?YJI0,1MillX .Tilli3 c\Jl-IG !! rrp!i­

r.royroJibHOI'O Mai'IDrTa CII-I3?. PeayJU,TaTOM Taitoro :pac'tJeTa R:B.<UieT· 

CH Hadop. sQ~exT:~rnmrx: ~,IeHTOB (;..,..,. Ao'Iir -T:lli3 I~ rro~m ;n;..;:r.s: aar­

miTa IIpH 3a.naHHOfl: paccTaHOBKe U 3a,n;aHHHX aW;"I>eRZ:l3HHX ,n;.tTIIH--J.X: 

lwBI'HHTffiiX _ arreMeH...,OB. O'!emur;a:o, qTo KWi\,Ii;OtnJ'" Hadopy ,rr..rnnr coo·rBe'.i.'­

CTBYeT cBOf! Ha6op ~<eHTOB H npaBH.~HOCTD Bcero pacqeTa cBo­

)(lfTCH K ;D;OCTOBepHOCTll :l<MJeKTHBH!lX )WfH ( L. ¥'/' ) ;n;yrureTa. 

(Be.Jnrmaa IIOJIH MariiHTa He Bapb!!pyeTCH) • 

KoHKPeTHaH. paa.Jlll3a.u;Im pacqeTHoro pam!MB. CBO)(lfTCH K BbiCTaB­

JieiDIIO TOKOB Mli'HRTHElX aneueHTOB. 0;n;HaKO peaJllJHWI mmaa, O(L1Ja­

;n;all Kpeemn.m pacce.fiHilHMII rrOJl.llMK, m.<eeT Jll!liJD o;n;llB rrpaKTUqecxu 

KOHTpo.>mpyeMHJ! IIapaMeTp - STO rpa;n;neHT B I!eHTpaJU.HOJ! 06J!aCTi! 
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JlliH3H c;,:crx. !!pH 38.:,Il;8.HHOM TORe B036y"zm9HIDI, ROTOpllil He· 06.ff3a­

T8Jl1,HO COB!Ta,llaeT C B8.lllrn!HO:il a@leKTl<BHOrD rp!WI8HTa (5--- llpli 

TOM 1<8 TOK8. liOSTOMy llOJIY'i8HHOMy paC'i8THOMy Ha6opy rpa,!(li8HTOB 

H806XOM!MO KOppei<THO llO.I(6l!jlaT:b Ha6op p8aJJ:bHHX TOI<OB )l;JIII peaJ!l!­

saiJ;Jm omm.maHpOBaHHoro pelKilMa Ha npai<TIIlte. Bec:or.~a pacnpocTpa­

HeH M8TO.I( Ollp8.!(8JJ8HIIll S(,.)j)8KTJlBHOJ! .I\JJl<BH Klla,lUJynOJJI.HOJl JJm!3hl 

110.!(60poM - rrpHMOyrDJU,HJlRa .C llHCOTOll G"""" • SKBRBaJI8HTHO­

ro rro 11JJOI!l!lJ1li B8JIIl'illH8 } G(x) d X • 0.!\HaKO Ha HSIIKe Tpa8I<TOpH:il 1 

HarrpKMep, H8T CITOC06a 110CTp08HilH, llpll KOTOpOM Tpa8KTOpi!H 'laCTJI< 

~. rrpOJJ8TaiDm8J! peaJJI.H08 110JJ8, 6y.I(8T SKBRBaJJeHTHa TpaeKTOpliii 

I!pll Haiiepe.I( 3a,JlaHHO:il B8JJJI'ii!He IIOJJH (rpa,J~HeHTa) • 

B ,llal!HO:il pa6oTe npoBO.I\IITCH IICCJJe.I(oBaiDie pa6o-qero 061-em 

JL'1!!3H l<UI-I6 C ITOMOIJU>IO TpaeKTOpH:il, llMIITIIIJYDiliiX ny'iOK SJJeKTpoHO 

B rrp8.!(8JJaX yrJJOBOro ll >IMl!yJU,CHOl'O 3axBaTa JIIIH3H. 0CHOBOITOJJal'a-

101!1I<LI Ma.Tep!laJJOM )l;JIII pac'ieTOB IIOCJiylKI!.llli pesyJU,TaTH 113Mepellllll TC • 

rrorpa(pm! Ma.I'IIl!THHX rroJJe:il = l•UI-I6 rrpi'I 4 TOKBX oT 400 .1\0 IOO A 
BO B3aloo!O-II8p!18H.I\III<y.71HpHHX 11JJOCKOCTHX (X, i!) [3] • 

liOBTOpHHe Jl3M8peH!lH II03BOJJHJJJI GY.I\IIT:b 06 On1116KaX, KOT0phl8 )l;JIII 

OT.I(8JJI.HOrO 1!3M8peHilH He llp8Bli1IJaJlll 4%. B ·pac'i8Tax, B OCHOB8 KQ­

TOPHX JJ8llti!T npo:rpaM!... = EXM-6. I!CllOJ!1,30BaJJJIC:b yCpe.I\Hei!HH8 

3Ba"l9BWI IIOJiel: II9 6 Be3a.BB:0HNBM ~~Me.PfmHaM,•1PQBMBn.aa8' OJD:dxa 
llpK STOM He llp8llhlm!Jla I,5%. 

"liCTI!HHaR" Tpa8KTOPI<H 38,lla8TCH ypaBH8HHH>Ill JlopeHija B "nc­

Till!HOM" ( R3~)?eHHOM) IIOJie JDm3li 

z'~ ..!t..J 1 _,_ ~2._., x/z.'r;:B
1

-(f+r.''}B, +x.1
i! 

1 
Bi!j 

P C · CD 
Xlf·-!f; Jt + ~'2+ x'L [!.' ~- (1 + x'&)bi! +X'i!' 13x}, 
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KOTOjl!le CBO)(l'fJII!Cl> K CHCTeMe 4 Jli!HeJi!rnx ,11;1'1\f>Pe])elll1llaJIHIHX ypaB­

Hellllli ( s;n;eci> e , p - sapa;n;, I<MIIYJU>C sJieKTpOHa, !llTpl!X osila'laeT 

,11;1'1\W)epelll1llPOBai!H6 ITO !j ) . 3Ta CHCT6Ma C 3a)J;aHI!liMH Ha'laJU>L~'li 

yCJIOBRllMH (KOOJ!,II;I'IHaTH H !DC rrpD!I3BO)J;Hbl6 )\0 BJieTa B. MarHJITHOe ITO· 

Jie) HHTerpapyeTCI! )\0 BHJieTa 1<3 MarHI'ITHOrO UOJII!. Ka.lioJ;oi! TaKOll 

TpaeKTOpiDI, B COOTBSTCTBlill C orrpe,IJ;e...lleHze:M a@>eKTJIBHO:fit ;rr.JI.m!Hf47, 
COIIOCTaBJIF.[STCH .rcpyra.H Tp3.9KTOpmi (p:uc.I), KOTOpru! BHS llO.JT.R: COB· 

rra,uaeT c rrepBofi, T.e • .IT,J1.lllia rrpoTIDIWHHOCTH rro.1J.R: L Jrn:H3H 38.MeiDI· 

eTCI! Ha HeKOTopyiO )J;Jli!Hy L"'{XP n cBo6o)J;Hble ci!MMeTpwmue rrpor.te-
/ 

Ji!YTKH .ri. Jla MaTJ!H'!l!OM 1!3HK6 )J,JIR. npeo6pa30BaHI'II! ( X 1 , X,)__,.. 

' ( X 2, X:2 ) KMOOT MOCTO CJIO;n;yiOU(Oe paBOHCTBO: 

IlpaBal! 'W.CTI> ( 2) co;n;epomT MaTpnny npeo6paaoBaHJII! )J;JII! "a;n;e­

aJU:,Hofi" JIKH3l:l 0 110CTOJIHHHM I'!B.n;KSHTOM, r.n;e, Ra.R HSBSCTHO J 'f'= 

[I( L"'P''' > )J 2 ( t... - L. .,.,.);i , K - WC>eycHpyltill8.l! cHJia Jli!H3U. Ta­

KHM 06pa30M, ITpaBaf! 'laCT!> (2) CO)J;OJlli"'T ;n;Be H6H3BOCTHH6 BeJIH'IH· 

HH '(' , K , Jlli60 'f , {., .;..p • 

lil3.TpiDJil B JieBO!i 'lllCTH (2) npe;n;CTa:BJI!l:eT co6oi! npeo6paaoro­

mre .n;JIH "acTmmoii" TpaeKTOpmi Ha rrpOMeJR:yTKe L , liTO II03BOJlfi­

eT uanacaTI> ;n;Ba ypaBBei!R!{ 

x. : c x," + ,g x; 
1 / .ct' I Xz = C X I + ,_, X 1 

(3) 

();n;HaKO BH)J; UpaBOJi 'laCTH (2) moB, 'TrO SJI6M€HTH, CTOSliitllS Ha 

rJiaBHOll ;n;aarOHaJI!I, paBHH ;n;pyr ;n;pyry, a ;n;eTeJ!MI!BaHT rrponaBe;n;e­

I!R!{ Tpex l&l.TJ!HU paBeH O,IJ;IIliRIIO. Il03TOMY HaC 6ylzyT HHTOJ!OCOBaTl> 
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.'~Cillb TC1Uie pe::reh"lll! (2), )WI KOTOp!iX (!:,S 1
1il C:,S'-,SC'~ 1. 

<ITo nosBo.1.R:eT orrpe;J;eJmT::& Bee aJieuel:ITH r.nrpml;U. Tor)Jtl ,nJ1.fi aRBn­

Ba..'l!e!~THofr TpaeKTOpim J.iOT.mO 3aiiliCaT:O CJIS.II;\.'lOilzy"IO CHCTSMy ypa.mre­

H!ill:: 
I 

cos <e + T sin <e ~ C.- ~ C 

!... O><fo.P = - 'e r,i n 'e / C t 

( 4) 

IT:p~I 3TQ;,J rpa.,n;n:eiiT OII:pe,n;e.r~S'.i.'Cff l'i3 COOTHOll!SHI:H 

,..- [ l<rA~CC] = ~ [ r~b /c ] 
\::r~p CM .3 M> 

=~3 Bll,TI;a (4) C.,1e,!C'"8T, ~rro ,ItOCTaTO'IHO pa3p8iJHT::& BepxHee 

ypa~merme OTHOCHTemno \f :lit {k. i.J ~ , za.x- Be.:m'L~ru:r L ~.P 
II G.,... JleOTRO onpe.ne.neas BTOJ!ID<i y:pa.mremrerrT. Pei.Uerme c:mTm.'li 

(4) e;J;Ji!IC~Bemro .lJ,Jill Kal:!,!{Oi! ~ei<~'Ojllm. \iim<eHpOBaHHe 3aJ>lRee 

(J.- = Ccns.1: (mr6o !...~= Conllt: ) , KaE sTo '!aCTO ,l(eJ'.aeTCfl, 

E.O!l:B'I{iiO, !I.e H3?.~8IDIJIO 6~ BS.lliftiliilli: 'e , HO IICTp860Ba10 6H L,.,r 
= Jt: ( JK -= ~) , BTo:;;x>e z:e ypamrenrre ( 4), ·r.::oTopoe .n;aeT lWP1)8ItT­

Eoe 0Up8,Ii;eJl8I-ill8 s.:!(Xm'.>.'ZBHOfi .~ . .''UIH!:[, OCTaeTCJ! Hey.II;OBJI8TBO:p8Hllill.1. 

IIepBoe ypnB:aemre ( 4) :pemaeTCR 'tlliC~lle::mm.t i;!STOJJ:m.t ( cTarrna.lY.i'­

ne_q rro;rr)Iporpa:.rr.ra R2£RO ) c TO'll!OCTbiO ;(O 6-ro sF.aRa llRJIIO'LI­

Te.~n.Eo. 3,neCll !IpiiBe)J.eHa I!}.)OIW.IT~/pa ~1.8: ~~}QityC:YrpyiDiltei1 IIJIOCKOCTH. 

;1JLq ,n:e):mycrqJym;:e:1 IlJ10CKOCTII ,JJ;OCTU?O'!IIO aaue~l;I'I':O Tp;n'OHO}:TeTpK­

'!8CKIT8 'lJyuruum 1-ra. rnne:p60 .. i"ll!~ecraie. 

~axm.i o6}Xl30M, B!Iilleormcmmaa npo!!;e.rr.ypa. rro,Ii;6llpaeT ,tt.iiH ,Aa.H­

:;roil ':i."'!)ae::TO:LJ:ifil napeJ.J8Tl)ll !3KBl!Ba..'leHTHO:it ~lli!3H C IIOCTO.fiHHHM rpa­

;Q!€H'J.,OU, Iia I\.OTO.PY10 rJJOR":HO 3al'.Jei-niT1> pea..-ThLiyiO JniH3y JJpH ,naHHOM 

TOR€ • ].r.teHHO Tarot€ 11II;ll;ea.7lbmte" J!Hli3ii :Ql!I"".f.P:KpyiOT B 6H0.1'illOTe'tffiHX 

IIllor:pa;,uau no I.:a.:P:H.IITHoH onTl!Re [ r] . 
:a :'3F.cnepm.,mHTe, ec?ecTnemw, pe'tffi 11'.n€T o Irf'IKe s.;rexTpoH(m 
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(T})aeitTopJ.ri1), rrpntrer.:, uac ;mTe:pec;reT Bos:;,,-:Oi:-:Ho 6o..1:&illoi-1 aa.xBaT 

no yrJzy u nO· m,myJI:Ocy, Ey.ner.1 Ctth"TaT:t., 'l'l'o i.IOi.::JIO roBOj?il.'.i':b o6 

$KB1IDaJI.eHTHOil J'.JJ138 ,!l;.r1l! BCero rrytU·3, 8CJili I7Jriiia H83aB4CID.-IHX 

pemeu;rll: (4) .n;..~-m ;nocTa?O'ti!IO Oo.•w12oro <uiCJia pa.BHoBe:po.R:TliUX TPa­

eitTopai~ OF.a.::teTcJI B p9.3"'1J1.IHHX npe.I(e.na.x: no "tUI.CJiBHHOC'.i'TI u no Be-

Pac1!e'r51: no:msaJIH, "t!To B npe,neJia.X yr.7loBoro saxna.Ta JUlli3H 

m.ieeTcs: HeRoTO:pi~t pa.s6poc B pe3yJI.bTaTax peiiieffim c~mTeifU::I (4) 

,r;;.:w. WOI-cycr:.pYiffileli !!. ,;~e:.QOicyCrr}!JI~el-1 Ilt10CKOcTeii, E 3a.B:ic:CJocTI:I 

OT II0..1oaemiJI T:p8.81i.TOpiUI B JlirH38, 't!TO o6yCJIO:S.1.8RO ~li!Z6~::Jf ll3-

ue:pemrfi nOJI.H, a Taro:~e Bo3tior.:In:lMll norpeiJHocTm·m, CMaa.HH1£,5I c 

!\OHCTPYR!.J;i'IS:f:l JrlH3H.J... B TO B:peusr Ka.K 3a.:BIICIDI10CT:b OT :iD.rrryJI:bCU B 

r~n 
IDITepBa..~e (I, I. 4-c--) ae aa6JIIO;rr,a;ro.c:o. 

B Ta6JL:I rrpl!lle)(eHH peay.rti>TaTH pacqeTa, ycpe)(Heii1Thle no 

20C.O TpaeKTopwiM, 6" 11 Oc;,. cpe)(HIIe Klla,!lpaTli'!Hhle OTK-10Helllffi 

)J,llfl f_,># II tf ~ , COOTBeTCTB8HHO, i~OCTb Or:Jl160it B O!IJ.le)(e­

JieHIDI liCKOMWC Be.illi'OOI CBl!,ll;eTeJI:&CTeyeT 0 lipaBOMO'l:HOC'l'll !IJ.lOBe­

)(eHHOrO ycpe)(Hemm. 
Ta6 .. 'Ut1J;8. I 

I!JIOCKOCT:& [JO;cyclipOllKil IlJIOCKOCT:& .n;e;'OI~'c:rrPoB?"JI 

AI.mep KI'c KI'c M l;l 
I;I'C cl'c "L-1 n 

C5f"' CM CM m:r-

40C 0.260 0.W7 I.I59 C.C22 0.276 c.w4 LIGB IJ, L12 

600 0.4I7 U.UG9 I.I60 !u.L20 0.400 0.007 I.I75 .O.OII 

600 G.557 0.004 I.I46 :o.ooo 0.546 0.002 LI66 'C.OOI 

' 
IOOO 0.662 0.004 I.I42 0.006 G.64I C.005 I.I66 G.uC5 
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113 Ta6JI.I IDU\110, 'ITO pac'!eTI!lie BeJIJrnlllH rpa,lll!eHTOB K MKH 
OTJ!K'Ia.mCH )IJIH :pe>KIDIOB iJjJRyCK:pOBRII K )leqiORyCK:pOBRII, II:pK'!eM 
3TO CTJIK'!Ke C yJleJIII'!effileM TO !<a pacTeT. C :poe TOM TORa HaCT:pOJi­
RII ~..._(ifjJeyc) y>~em.maeTCH, 'ITO K CJie)IOBaJIO Ol!<ll;l\aTJ>. Tax KIUt 
ZJi HeOII:pe)leJieHHOCT:& B "'!QeKTI!BHOI! .IJ,lllme li! rpawreHTe He OT:pallta-
8TCH Ha paa:pemeHKK CIIel<T:p0MeTpa [ 21 , TO aa OCHOBy )IJIH paC'!8TOB 
HaMK BSHTH yc:pe)IHell!llle aHa 'lelll!ii 3TKX BeJIII'!KH ( Ta6JI. 2) • ]LJJJI 6oJ 
Jiee TOHI<ol! HacT:pol!RII JIKHa c IleJI:&IO UOJIY'!ellllil pas:pemellli!li L I% 
BYrueoiiKcaHEMe qaKTH Heo6xo~ y'!KTHBaTb. 

Ta6Jmr.ja 2 

Tox 40QA 60U A 800 A iooo A 

KI'c 
0.278 ± 0.006 o.4I3 ± o.orn 0.55I ± 0.003 0.65I;t0.0 ~ 

.M I.I6 ± O.OI 

KaJ< Bl!,l1HO H3 Ta6JIH[(, HaJ!H'!li!e miMe:pelllll! )IJIH 4 TOKOB II03BO­
JIIIeT ycTaHOBiiTb 3aBKCHMocn G~ OT J , KOTO:paH n:pe)I­
CTa.BJieHa Ha :PKC. 2 (Kplilll8.it 2). K:pl!Ba<i I COOTBeTCTByeT H3Me:peH­
IlHM SHa'iellli!liM r:pa,l\HeHTa B IleHT:pe JIKH3H. II:pH TORaX Bllll!e 800 A 
Ha6JliQUaeTCH OTRJ!OHBHHe OT .mmeiiaOCTH, 't!TO, ll0-BHJJ;W40My 1 CBil-
3aHO C HaCgmeHKeM ITO~OB ~3H. 

BoaB~Cb K BOn:pocy o6 oiiTHMH3~ c IIOMO~IO TBAMPI CJie~ 
JIYST OTM'6THT1>, liTO B TattoA IIOCTaHOBlte 3a,Ilja1DI HBTpy;ltHO Te.IIepD 
:pemJ<Tb BOII:pOC 0 :peaJIK3~ JII06oro paC'!eTHOrO :peJKHMa. ]LJJJI Har­
Jlff,IJ;ROCTH n:pKBe.lleM '!KCJIOBOI! II:pli!Me:p. MeTO.IIOM IIJio!IiiJlel! B pa<lo­
Te ( 2] IICJiy'ieHa . ;ti.J1.f1. TO!! ><e JIKH3H BeJlii'!IIHa l_. 'Jf1> !IO:ps;ro!a 
I.II M. !I:pli! OIITIIMH3all)m MH iJjJey""lJYDIIero :pell£iiM!l. B 06ei!X IIJIOG-> 
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IWCTJIX }J)JJl ·.Jli!H3 nOJ!y'IaiDTCJI rp<l,ll;HeHTll 459 K 374 rc/cM. B 

Tex JKe yCJIOBIIJIX npa l!OJIY'Iemroi! a.n;ec:b )\JIKI!e I, I6 M KMeeM 

444 K 362 rc/ 011.. To !til, onpe.ueJiel!lille B nepBOM CJ!y'Uie no J<pKBOii 

I, aBO BTOpcM no KPJ<BOii 2,Ha pKc,2, OTJIII'l!UJTCH Ha21J A. Kpo­

Me TOPO, eCJIII Op!ieHTHpcBaT:bCH Ha pelit!IM npK )\JIKI!e C .5% OTKJlOHe~ 

fUieM, Ita.K B Bl::liiieiipHBe,tteHHOM II.Pl:Uilepe, TO H306pa.!teiDie B 9)oKYCe 

CHCTeM< yBeJIII~eTCH B 1,3 paaa. 

B aaKJIJO'!eHHe aBTOpbl 6Jraro.n;apaT CKMowma X.A. aa nOJieaeyiO 

,1\l!C:ey'CCIDO H nel!lille aaMe'l1lH!ffi. 
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Pnc. I . - L- ,liJilllla JmHSH :BMecTe c KpaeBIM no.neM. Byxsol! o.. 
0003Ha'leHa T!)aeRTopx$1 'lBCTJIIGi B ltCTHIIBOif DOJie 

JIIIHSH, b - T!ReRTOPIL'I :S 81'BRBSJ!eHTHOI! Jmll3e. 
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ZDI 

PRc.2- I - !<pBlllU! B036ylr,n;emtll JIBHSH Mll-16. 

2 - ll<l1JY'IeHI!aJi B p;i60Te saJmCIIMOCTl> I'IBJ!J!eHm 9KBR­

:BaJleHTHoll JIBHSH OT TO !<a. 

6 'j - pa31D!Il;l. B TOI<ax BaC.T>JOll!at JIHH3, OIDIC8HBaJI: B 

TeKCTe. 
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