
A-695 

06bEilJ.1HEHHbl .1-1 
J.1HCTJ.1TYT 
HilEPHb!X 

J.1 CCnEn OBAH J.1l1 

ily6Ha 

! 

I 
I 
I 
I • 
~ 

10 . 3388 . 1 

B.H. AHocoa, ID.H . ~eHHCOB 

YCTPOMCTBO ~H OBPA30BAH~H 3HAqEH~M 

sin ~ cos APrYMEHTA, · 

MEHHIDmErOCH C ~~CKPETHMM lliArOM 
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10 . 3388 . l 

B.H. AHocos, ffi. H. ~eHwcos 

YCTPOi1CTBO ~JIH 06PA30BAHJ;!H 3HA4EHHti 

sin V1 cos APrYMEHTA, 

l\IEHHffilUErOCH C ~V1CKPETHbiM lllA fOM 



B nponecce Bb!QIICJISHIIR K03(jx!lll!lii8HTOB Pypbe At II B t Ha !lll(jlpOBOII UHaJIII3aTOpe rap-
IIOHIIK no (jJOpllYJiall Eeccensll/ B03H11Kaer HeOOXC)(IIIIOCTb nOJI]"l8HIIR 3HaQSHIIa ala k -f-A 

H ooa I-;- A , f)(€ I -nOpR)(OK rapliOHIIKH, aJinJIIITY)(a II (jla3a KOTOpOll Onpe)(eiiRDTCR, 

2 • -QIICJIO ,JtiiCKpSTHbiX 3HaQSHIIll aHaJIH3Hpyeuol! (jlyHK!lllll H ( ¢) Ha nep110)(8 2 • 

A -nepeueHHaR CYIIIIIIPOBaHIIR (A =1, 2 ,3, •••• 2 v ) . Cne)(caareJibHo, np11 3aiaHHhiX onpe-

,J;eJieHHb!X 3HaQSHIIRX k II 2 v HS00XO)(IIIIO B nponecce CQ8Ta K03(jJ¢11ljii€HTOB <Jiypbe At II e, 
no nporpaUMe/ 2/ nonyqarb nocne.~toaar e JibHO aeJIIIQIIHb! : 

sin (!\a: • I); sin ( /!. a •2 ); . . . . sltl ( ~ a ·2 v) 

cos(6a-~ ); coa(t\a.2}; . ..... cos(Aa -2 v); 

r ,~~;e ~ •• 1 • • "'"'' ,~~;nR ,JtaHHoro UHKJia cqera. 

flp11118HIIT8JibHO K C08UIIaJI1!311pOBaHHOll Bb!QIICJIIIT8JibHOl! Maiiii!He cymecrayer H8CKOJibKO nyT e ~ 
B pemeHIIII aroR 3a,JtaQH. O.ltHIIM 113 raKIIX nyr ell RBnaerca nporpaliiiHhlij cnocoo nonyqeaHR 3aaqe 

HIIll sl• liiiOo "'' rpeOyeuoro apryueara, r .e. BBe.JteHIIe a ocHOBHYD nporpa~~~~y auanHaaropa 

no)(nporpaMU npi!Be)(eHIIll apryueara K )(llanaaoay 0°+90° c nocJIS.ltYDmllll Bb! QIICJieHIIeM 3Ha4eHIIR 

''" n110o cos no tjJopMynau pa3JIOlleHIIll B pR.lt IIlii! .ltPYfllll annpOKCIIllaUIIRM. 3ror cnocoO xopom 

reu, qro noaaonaer nonyqau 3HaQSHII ll ''" 11 cos apryYeara, ueaanmeroc a c ll!lObill maro11 

o• < 6. < 90° , r.e. B wllpOKOM ,Jtllana3oae coqe.rauHI! BSJIIIQIIH 2v 11 , onpe)(eJIRD-

miiX mar Aa • Ho,oBa3b!BaercH, nporpallliHblll cnocoO oOJia)(aer ,J;OBOJibHO cymecraeHHb!ll He)(ocrar

KOM, KOTOpbil! )(8Jiaer H8lleJiaTeJibHbiM ero npi!M8H8HII8 B ,JtaHHOM CJ!yqae. V!cnOJib30BaHIIe 3T0f0 Me

TO,D;a B ,JteC!ITKII paa yaeJIIIQIIBaer Bp€1111 Bb!QIICJI8HIIll aunJIIITY.Jt rapMOHIIK 113-3fi TOfO, 4TO BO Bpe-

Mll cq era aunJIIITY.ltb! 1 -oil rapuOHIIKII HYJ:HO oOpaiJIIiTbCll K no)(nporpau~~a~~ noJiyqeHI!ll ala 11 coo 

• v pa3, r ,.l{e v ..,a. ~ 72 • 

Be JII!QI! Hhl 2 v 11 1 a aaan11aarope rapuouuK npiiHIIMaor ae JIJJObie , a JIIIWh pR.Jt onpe)(e-

JieHHhiX 3HaQSHII II , a IIIISHHO: 2 v =24, 36, 48,72,144; t = 1,2, 3 , 4,6, 8 ;11, CJI€ ,D; OIJB.T811bHO , ruar 
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~3MeHeH~fi apryMeHTa '""' k+ MOX8T TaKBe ~UeTb n~rnh UDOAH€ 

COOTEeTCTBYDI.IUie np~BV~.f;HH!:.J .. : BC'Jl~'l./~:nr-.1 2v ~~ k • l.~t1H~MaJI",HL• 

COOClpaxeHIIe n03BORR8T paCCMOTpPTh IPYfOI nVTh no nyqeH~R 3Ha4eHHn 

onpe~eneHHUe 3Ha4eH~ R , 

mar •\olnlll;:2 , S0 :}TO 

''" 11 cos 4epe 3 2 , 5° -

nyTh nocTpoeM"R nocTORHHOro 3ano~~Hacwero ycrpoRcTsa (IT~Y ) 1na xpaHEHIIR 3Ha4CHMh .~ r 

qepe 3 2,5°. 
HeTpy,n:HO 81\,lleTb, 4!0 OO'be!.~ OTOI 0 fl3Y OyleT 1J')bPH dJb <mcnaU , l·O<.KOHKY apryweHT Me 

HReTeR HenpepYBHO B eTOpOHJ ysenH4eHIIR e ~IIKe"pOBaHHWM marou Aa , TO BWOOpKa 3Ha48HIII 

''" a cos lll3 TaKara ii:JY Mo:~:er tiCC'JY.Ch Ta.K xe , KaK 11 3 1pyr~x 3anOMII HaJDU:I'IX y eTpole TB 

( J Y ) aHaRII3aTOpa ( II Ja TO :s;e Bp8MR) , e TOI nl'lillh pa3HIIl.\CI , 4TO a1pee, no KOTOpOMY Oyl eT 

npOI'l3BO.l(~TbCR BbiOOpKa 11 3 ,13Y slo , .l(OnlKe H ueHRThCR c KalK.l(~M noene.l(yJDmiiM oopameHl!eM 

Ha Benii4V.HY , 3aBIIeRmYil OT aen~411Hbl war a ' a ~TO ,ll.OeT~raeTeR npi!MeHeH~eM B nporpaMMe 

npiiHI\I!na eyMMI!posaHitR KOMaHI e sapbllpyeu•m rnaroM li3MeHeHliR rpedyeuoro a1peca . 

OmlehiBaeMul B AaHHO I paOore lin . sio RPnReTeR MO.uepH11311pOBaHHhlM , don ee 3KOHOMH 4HhiM sa-

pllaHTOM naeelllBl!OrO fi3Y Ha <''lh 3Ha4eHIII si o II cos , ~3BeCIHO , 4TO 11 3 288 3Ha4eHIII sio II 

cos Ha :!ep~o.ue 2" pa3JHI4Hb!X no UO,ll.Jllil 3Ha4€HII A TOJ!bKO l6( OT 0° )!.0 90° qep€ 3 2 , 5°) , 

Bee ocranhnue 3Ha4eH~R, nonropnn no M04YnD o~Ho 113 3TIIX J6 3Ha4e~lln, uoryT oTnll4aTbCR 

OT Hero ni!Wh 3HaKOM. ~ TO n03BOnR€T IIMeTb )l.nR noJiyqeH~R slo II cos nLOOrO apryMeHTa B 

~llana3oHe o0 + 36P0 qepe3 2,5° r.3Y scero Ha 36 3Ha4GHII A ''" , HO a coqeTaHII~ e ycrpolcT -

aou , nplleBai!BaJDWIIM 3HaK B~OI!paeMOMY sio IIR~ ros no <jlopuyna~ ·npiiBe,leHIIR B 3aBIIeii -

MOeTII OT KBa~p<lHTa, B KOTOpOM HaXO,ll.IITeR apryMeHT . Ha TaKOM r.p~HUI! ne II nOCTpOeH OnOK eiiHY 

eos . 
linOK BKRI04a€T B CC OR Cnel\Y1Dl!lll8 OeHOBH~e y3Rh (pile . I ) : 
I) Bxo~HOA ~emwpparop - 1\JI1, Koropun oean11ayeT cjJopuyny .\a. k--';-- , r . e . no .l(aH-

HIJM 3Ha4eHIIRM k II 2 '. B030yX.l(aeT eOOTE8TCTBYDIIIY!l WIIHY B nOeTOflHHOM 3a!10l.liiHaD!llCM 

yeTpoAcrse, xpaHHmeu aeni!~IIHL' '" (n3Y '" ) . 1!Ui1 nocrpoeH na ~MnyJiheHo-no reHullanbH hiX 
eXeMaX COEna.l(eHIIR, IIMBDIIIIIX IBK 110T8HUIIaJ!bHHX M OAIIH I!MnynhCHHD BXO,ll. ( p11C . 2 ) , 

2) IT2Y \a npe~Ha3Ha4 CHO l\nR xpaH eHIIR I3 3Ha4eHIIA \a : 2 ,5° ; 5 , 0° ; 7 , 5° ; ro0
; 

150 ; 20° ; 22 , 5° ; )0° ; 110° ; 45° ; 60° ; 80° ; 90° ; npc~eTaBneHHblX B OTHOCI!TenbHIJX e)I.IIHIIL\UX, 

nepeBe,ll.eHHb!X B IB0li4Hh:rt KO~. 3a OTHOeiiTeJ!bHJD e.l(IIHIIL\Y npV.HflT yron 2 , 5° . TaKIIM o0pa30M , 

Hanpi!Mep, y ron I 5° ClyAeT B OTHOCI!TenbH!iX eJUIH11l.\aX BIJpa:s;aThCR KUK " 6 " . 1~aKelll.lanhHUA war , 

XpaHII!Abl~ B il:JY \ u , paBeH 90° . ~T O OO"nReHReTCR TeM, <;TO np11 war ax \ a> 90° T04HOC1 b 

BU411CReHMR AI M 8
0 

DO «opMynaM EceeeJIH , IICUORb3JBMbiM ~~fl rapMOHII4CCKOf0 aHaRII3a , 

He~ocTaT04Ha/ I J.3Y '" nocTpoeHo Ha IIIMnynheHHX ~~~o~Hhi X exeuax pa3.!(8J!eHIIR ( plle . 3) . 

'3) CyMJ,llllPYIO!lle€ YCTpOACTBO npeiCTaBnReT eodoA eyMMaTDp napanneJibHOfO Tllna C KOMMJTIIpO 

BE.HHbiM IIMilynbcOM nepeHoea/'3/, paOOTaiJmHI B pe)[I!Me eqera no MO.l(JliD "36 " ( r. e . 90° ) , 0HO 

npe.n.Ha3Ha4eHO JnR HaKOr.neHIIR apryMeHTa no 3aKOHy : 'u I; 1 n .2; . . i\a.2 v. BBM~y TOfO , 

4TO Gll eJIO 36 He MOlleT 0HTh nO Jiy4eHO npll B03BCJeHII>I OCHOBaHIIR " 2 " B l.(e Jiy!l CTene Hh , B eyYMa

TOpe B3l!TO 6 .l(BOII~HbiX pa3p H,ll.OE , HO 26 ~ 64,11 llOJTOMJ ~Jill 00eene4 €Hllll padOT >.I eyMMaTOpa 110 

~O,ll.JRD " 36 " HeOOXO)I.IIMO npiiHRTh 3!1 IIC XO)I.HOe COCTOJ!HII € CYMMaTopa Hanll4118 B H€11 KO,lla " 28" 

( ye n OBH~~ HJRh ) , CyYMaTOp ycTaHaBniiBaeTeP. B lleXO.l(HOe ~OeTOflH~e nepe,ll. Ha4aROM HaKOnneH~R 

B HeM apryMeHTa , a raKxe noc ne Ka~Aoro nepenonHeHHR np11 nocne,n:yllm~x eyMM>~posaH IIH X apryueH

Ta . 

CJMMIIPYIOmee ycrpoAcTso 

4) B~o~x o.uHoA .l(emH~parop 

eJ! B CyYMaTope . 0H IIM€e T 12 

nocTpoeHo Ha 3neMe HTax , noKa 3aHH~X Ha p11e . 2 , 4 , 5 , 6 . 

nll/
4 

paCillll~pOB~Bae T adCO JIDTHOe 3Ha4eHII€ apr yMeHTa , HaX O~ R mee 

noTeHUIIanb HHX BXO)I.OB OT 6 TpllrrepOB CJMMaTopa II 36 noTeHl.(Hanb-

HblX BbiXO~ O B, CO OT BSTe TB YIJIIIIIX 36 p a 3RII4HbiM eOC TORHII flM eyMMaTopa , nw4 noeTpOeH Ha llOTeHl.(ll

a nhHbiX c x eMaX c osna.l(eHIIH ( pHc. 7 ) . 

5) " Yc r poAe TB O, Odee n €4l!BaD!llee Bbln OJ!HeHIIe ~OpMyn np i! Be ~ C H>!Il", 
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<I>OpllyJibl (I) nOK8. 3bi~!!DT, ~TO BCe 3H!!~eHI!I! sioa II cos a 

CBO,I;JlTC I! no IIO.IlYJID K oiuO lo' SO S90° )CO 3H8.KOII ( +) l!Jill ( - ) 

l - bi R KB!!,Ilp!!HT sin a • sin a , 

11-oA KB!!,Ilp!!Ht sin ( 90° + a) - ain ( 90 ° -a ) , 

IU -IIA KB!!liP!!HT 

IV -bill KB!!,Ilp!!HT 

sin ( 18(\ 
0 

+ a ) .. - sin a . 

sin ( 270 ° + a ) .. - a!n ( 90°- a) , 

npll li3MeHeHI!flX 0 ° < a :'; 360• 

(I) 

H3 CK!!3!!HH Oro JlCHO, KB.KIIe ~YHKUIIH .llOJIKHO BhlnOJIHJlTb "ycTpoAcrao , od e cne~IIB!!D~ee Bhln OnH eHIIe 

¢op11yJ1 npiiBe,lleHIII! ", 0HO ,I;OJIKHO B 38.BIICIIIIOCTII OT HOIIepa KB!!,Ilp!!HTa , B KOTOpOII HaXO,IllllCJl 

H!!K!!TIJIIIB!!eMOe CYIIII!!TOpOII 3H!!~eHIIe aprylleHTa, II OT CllfH!!Jia C ,UIIi Ao aH!!Jil! 3aTOpa, nOK8.3bi -

BaDIIIero, ~TO BbldllpaTb: cos 11n11 si• HB.KonneHHoro apryMeHTa 113 En . ''" a A Y aHaJIII3aTopa, 

C~l!T b1B 8.Tb 113 TIOCTOJlHHOrO 3aOOIAIIH8.DIIIero ycTpOACTBa fl3Y slo , ;, 0 CO 3H8.KOII ( •) II Ji ll 

( - ) . flO,IlC~eT KBa,llpaHTOB npll H!!KOnJieHIIII apryMeHTa B CYMIIaTope Be,ll e TCI! C ~ . KB ., paOOTaDIIliiM 

no IIO.I!YJ!D " 4 " . Cq . KB . nOCTpOe H Ha CTaTII4eCKIIX Tpllr repax ( pii ,C. 4 ) • ,Uemll(jlpaTOp ,Ulii;J no 

CO'leTaHI!D CllfH!!JIOB CO C~. KB . II CllfH!!IIOB OT ,U lll .• a aH8.JIII3a TOpa d , ( Bb! OOpKa cos ) ll ,, 

( Bbi OOpKa sio ) ~OpllllpyeT C'll!TbiBallll!,llll llllliYIIbC JIIIOO Ha ,lliiO.JlH Yll COOpKy llJll1
6 

, ROTopai! 

BI.I,J;aeT llllliYJI.hC C'liiT biBaHI!I! Ha rpynny BeHTIIJieA 13
63 

+ B
98 

( C~l!TIJBaHIIe 113 fl3Y , 1, sio a ) , 

.IIIIOO Ha c dopKy llJIII5, BI.I.Ilallmyll IIIIITYJibC c~IITbiBaHIIll Ha rpynny seHTHnen B
99 

+ B134 ( C'liiT I.IBa-

HIIe 113 f13Y , 1, - ,;, ( 90° - • ) , a TaR Ke Ha COO pRy l!mt4 , npiiCB8.11BalllllYI OTpl!!Ia-

TeJihHhlll 3H8.K C'l iiT b!Baellbll! 3Hat~ e HIIJlll ,;, 8 )leml!(jlpaTOp ,UJDJ Bbtn OI!HeH Ha I!MliYJibCHO-TIOT€HUII-

anhHI.IX cxe11ax c oa na,~;eHII!l ( p11 c . 2 ) . 

6) flOCTOJlHHOe 38.1101111Ha DIIl€€ YCTpOliCTBO 113Y , 1, npe,llH8. 3Ha~eHO ,llJIJl xpaH €HII R 36 

3Ha~e HII ~ sio 8 ( 0° < 0 ":_ 90° ) B Bl!,lle 20 - pa3pl!.llHOrO ,llBOII4HOrO KO,Ila , 6 e 3 3H8.Ka. ltlii -

Hliii8.JibHO€ npllpameHI!e apr}'MeHTa 1\ 0 m>• =2' 5° . Bllme YK8.3h!Ba!IOCb' 'ITO OTpllnar eRbH blll 3H!!K 

C'liiT8.HHOIIY 1! 3 fl3Y sio 3Ha4 €Hll ll sio 8 npiiCBal!Bae TCR CHfHiillOII CO CXeMhl l1JJ114 , TOr ,lla K8.K 

TI OJIOXIITeJibHblll 3HaK TI OJiyqaeTCI! aBT OIIaTII'l eCKII npll OTCYTCTBIIH CllrH!!JI8. Ha Dbi XO,Ile CXelolbl I!JII!
4

• 

fl3Y aio 8 TI OCTpOeHO H!! ,llHO,IlHHX CXe llaX pa3,J;e J!eHIII! ( piiC . 9) . 

Ynpaa J! eHHe padoTo ll En . •i• co cTopOHbi aHallll3aTopa rapuOHIIR He OTJIII'laeTcl! OT ynpaBJie -

HIII! B ~ dOpKOA 'liiCe JI 11 3 ,llpyrKX OJIOKOB Tlb.UI!TH, T . e . RaK TOJihKO ,Ulil Aa aHanH3aTopa pac -

IDH(jlpO B ~BaeT a,~;peca d, H d, ( nepBbie !l,llpeca B KOMaH,IlaX f> 99 H /:• 109 B nporpal!lle/27 ) , T!!K 

Ha EJI, ••• npiiXO,I!KT HIIITYJILC o6pe111eH111! 1!3 dJIORa u eHTpaJib HOro ynpaB Jie HIII! (EUY) aHanH -

3aropa, I! q epe 3 BpeMH, p!!BHOe .I!BYM TaK~aM padOT bl aHaJIII3aTOpa ( Ha Odpa llleHHe K ,llpyrllll OJIO

K8.11 naun TII 3aTpalliiBae TCI! O.JIII H TaKT) , 1!3 EJI .sio BbldllpaeTCI! 3Ha'l e HI! e co, e ( no a,~;pecy d, ) 

IIJIII sfo 8 ( n o a,~;pecy d
2 

) B BK,I!e 2l- pa3pR,!!HOrO ,I!BOII4HOrO KO,Ila CO 3H8.KOII . Ha 00pa30-

B8.HI! € B EJI. sin O,I!HOrO 3Ha'l e HIII! , ;, 8 IIJIII cosO OTBe ,lleHO BpeMI!, paBHOe .llBYII TaKT!III, ,!!Jill TO

re 'lTOO~ CHII31!Th Tpe OOBaHIIJl K ~aCTOTHblll xapaKTepi!CTIIKall BXO.IlllllliiX B OI!OK 3JieMeHTOB . Pac

CIIOTpl!ll npouecc Bbi OOpKI! 1136JI,olo TIO,IlpO OH ee ( Cll . pHC . l ) • 

llunyAhc oopameHI!H 113 EUY aHaJIH3aropa npi!XO.I!IIT Ha ,nlll
1 

11 npoXO.IlKT q epe3 Ty cxeMy coana

.I!CHIIH , Ha fl OT 8H!\HaJibHbiX BXO,I!aX KO TOpOA npHCYTCTBYDT pa3pemaDIIll! e TIOTeHnllaJIIJ , pac npe~eJieHIIe 

KOTOp~X COOTB€TCTBY€T 3Ha'leHII I!M I! 2v , 38.,1!aHHHI4 C nyJib Ta ynpaBJieH IIR aHaJIII3aTopa. 

HanpiiMep , npH • =l II 2v=J6 IIMITYJihC 113 EUY npoll ,!!eT qepe3 6 - y ll CXeMy COBna,lleHHH, Ha BXO,I!e 

fl3Y 1\ a y cTaHOBJieH bi IIIIITYJihCHble COOpKII, OO'be,lli!Hll llllllle B ll XO,Il~ ,U lll l , COOTB e TCTBYDII!,II e O,lliiHa

KOB illl mara11 to. • • TaKIIN odpa30II, 1111nyJih C c 6 -oll cxe11bl c oana,~; e HIII! .U111
1 

q epe3 cdopKy llJ!ll15 
n ona,l!eT Ha BX O,I! IIKH €3Kl! fi3Y 6 a , xpa HI! II(eR mar 6 a =10° • 4 e,J;. :l TOT mar, C'liiTaHHIJA 113 

fi3Y 11 • , nocrynaeT B BH.Ile napa!!l! e J!bHOro ,II,BOII'lHOro KO.Ila " 0100" Ha BXOA cyiiiiiiPYlllllero 

ycTpO~ CTBa q epe3 rpynny BeHTHJ!en B
37 

+ B
42

• 2atell, yqiiT~Ball, 'ITO B CYIIIIIIP Yllll(€11 yc TpoAc ra e 

KCTIOJib3ye TCI! CYIIIIaTOp C KOIIIIYTIIpOBaHHblll HIIITYJibCOII "~peHOCa, ,I;Jlll (j>OpllllpOBaHIII! nepeHOCa/3/ 

H€06XO,I;KIIO flO,IlaTb KO,I! " 0100" Ha CYMIIIIPY lllllee ycTpCACTBO e111e pa3, HO yxe Ha rpynny B€ HTHJieA 

B
43 

+ B
48

• C 3TO A ne!Ihll KO,I! "CI OO" CqiiT!lBaeT CI! 113 fl3Y to. a BTOpH'lHO IIIIITYJihCOII, 3a,l;epmHHblll 

5 



Ha 8 MKC BK OT liMI1 YDbC a 00p a l!l8HilH 11 3 5l(Y . J\I!HII H 3a,ll8p XKil J\3l C ' : =8 MKCBK !10CTpOe Ha HL. 

O.D; HOBilOp aTape ( p il e . IO) . Pa cn p e ,ll en eHile KO JJ,a " 01 0 0 " CHa 'laJia Ha ne HTII JIII i-J7 + B4 2 , 3a TeM, 

n p il ¢apMilpOBa HIIII nepe HOC a , Ha n
43 

+ B
4 8 

!1p0113BO,llilTC H Y~n 1 , KO T Op ~ A 3anyc KaeTCH no C'l e TH OMY 

BXO.IlY CHa'lan a IIMI1Y Jib COM 113 EUY , a 3aTeM ilMI1YJibC OM , 3 a,ll 8pXaH H~M Ha Jl~l . 
B p e 3 y JihTaT e npl!OaBJieHIIH ma r a /'. • =1 0 ° • 4 OTH . e.D;. • 0100 K J, p eli:Heu y COJt ep l:ilMDMY 

Cy !.ll,!aTOpa , B0 3MOI:Hbl CJ! e,ll y ill!lll e ,IlEa CJiytlaH: 

a) CyMMaTOp nep e n DJIHIIT CH ; 

0 ) CY MMaTOp He nepenOJIHIIT CH . 

B a3Hl!Ka!l l!l ll ~ np 11 nepen aJIHeHII il cyw~ar opa ( BbJme YJ(a 3b1Ban acb , 'ITO cyMMaTop p a Oora e T no MO.IlYJID 

" J 6 " ) liMI1YJib C Ha BUXO n e YC IIJIIIT BJI R Yc
4

} ll,lle T B Tpex Hanpas n eH ilHX : 

a ) Ha " ycT pO OC TBO, 0 0 e c ne 'lilBB!ll!lee BY!10 JIH eHII8 ¢ On " VJI n p ilB 8,ll eHIIH", TO'lHee , Ha B XO,ll C4e T-

4l!Ka KBU,llp aHTOB , BXO,llHI!l8f0 B 3 TO ycTpOAC TBO , !lOCKOJib K Y nepenO DH8 HII8 CyUMa T Op a 0 3Ha4aeT, 

'lTD 3Ha48Hil8 apryMe Ht a , Ha Kai1 BJIBae!AOe B HeM , n epeliiJIO B CJi e,lly ill!lli A KBa,llpaHT . 

] Ba ,llpyrl!X HanuaHneHI! H o 0 yC JI OBB8 Hbl He OOX O,llilMOC Thil Jt00aB JI 8HII H B cyMMa t op KO,lla " 28 " 

n ocne Kax aoro era ~epe n o nH e HIIH : 

0 ) qepe 3 sp e tlH , 3a n a saeMo e 3a ,llepxROfi J\3;: c , ; =8 MKC eK ( 3Ta 3a,llepxRa HeaO XO.Illi Ma 

.llJIR Taro , 4TD 0 bl naTh B0 3MDl!:HOCT b TUllrr epaM cywJaTopa ycTa HOB IITbCH noc Jie cpopMI!posaHIIH n ep e

Ha c a np11 np110as n e HII II ma ra 1" = OIOG), liMilY JibC n epenon He HliH cy illlatopa q epe a c x eMbl 1\J\1!59, 
"n11

60
, IIDK51 .llDOaB IR e T R cyMMaT o y KOJJ; "2R" • Dill~ . 

B) 'l ep83 sp eMH, KOTOpO e 0 0 e LI18'll!BaeTCH 3an e p~KO~ Jl3J C • : =8 MKC CK II He 0 0XO,ll iiM0 8 

,llBR yc TaH OB JieHIIH Tpilrr c pOB CYUMa TOpa !lOCJie Jt0 0aDJi e HI!H KO)la " 2li " B HOBO e COC TOHHII e , IIMITYBbC n e 

p en OJIH 8HJ.IH cyMMaTopa , n ocry nan 4e p e 3 MJ!li!'iS ' Hm!56 , nm:5 7 Ha rpyn n y s e HT II n e ~ B 4 4 , B45 , B4 6 , 

~OpUllpyeT n ep eH OC ,llD H CYMMIIp OBBHIIH KOla " •. 8" . 0 JtHOBp eu e UHO C ¢ YHKU J.IHMII , 113R01:8HHY MJ.I BU!i18 , 

IIMll Y JihC ~ C J\ 3
2 

~ J\3J 3an y CKEiil! 11 0 C'l e THDMY EX OJ y YTp l )t JI H !Or O, 'lT00 Y ode cne 4BTL npO XO~-

Jt8H II8 KO)!a " 28 " • C: ll] <'0 BHa 'lEi l 9 Ha BXO Jt Tpilrr cp OB CYUMa topa , a 3EiTeM Ha r p yn n y Bt HTilJieA 

B
44

, B45 , B
46 

JtJI H ¢ opM11posaHJ.IH n c p e Hoca . 

0 0pa3 0BEiD meec H B CYMMaTo p e B p e 3 y JibT 3 ! 8 Jt0 0a B18 HII H ma ra ~. HOBOe coa ep XIIUOe p a cmlltpo

Bb! Bae TC ll ,llCm J.Id,paTOpOM .U~ 
4

, y K01 OpO r O B0 3 d y :u a e TC H OJtHa J.\3 36 BJ.! XO)tH IJ X mv. H . Ka:t)tEi H BYXO,ll

HfiH Uil!Ha fd,
4 

oc v me crn nae r 1101 eHu llanh HOe ynpasne HII e .llHYMH ae HTIIJI RMII : 113 , yc 1 poUc ra a , oO e cn e 

'l iiBtlll l!lBr o Bbi!1 0!. !1 8HJ.I e tr op My n npll oC ,lle HM ii," i OC Ty n a e T C 'lJ.IT U B all l!lll ~ IIMII YJi h C C Y e TI J.I JIII Y c 12 111-

0o HU r p ynny B 8 HT I1JI8 ~ B
6

.1 + B
98

, 1110 0 na rpyn n y BGHT II JI 8fl H')g + BIJu , II npOfl,llfi 'l ep e 3 TOT 

Be HTII Jih , Ha KO!O pOM eCTb pa3pel!WHII U OT .U!!i 4 , 11 0!1Ei)tEiCT HEi COOT Be TCTBY !OIIlYil II!H8 i'iK Y n3Y sia 

C 3T Oft JIMHe«Kll 111.1!1Y JibCOM C BbiXO,ll i} " yG Tp Oli CTBa , 00 € Cfl 8 'l i!Baill!l8 f 0 Bf• !IO JIH8 HJ.I e rjJOpMyl ITp118 8 Jt 8 -

HIIH :' J.l C'll!T b1Ba 8 TCH 20- pa 3p H.IlH bl n ll!.m yJih C H bl~ KO,ll sla ( I o A ) H!l periiCTp 'l i!CJ!a ( }' q ) 

aHEiJI J.I 3a TOp a . 3 HaK C 'l ll ! aHHOMy 11 3 n3Y sia KD.Il Y !lpiiCBai!Bae TCH CllfHEiJI OM , II OC T y n a illllJ.I M OT CXe 

MY MDI\
4

• 1\MnyJih C onpoca COCT OfiH IIR " y cT p ORCT Ba, oO ecne'lJ.IBa !llllero Bb! DO JI He HII e ¢ opMyn npJ.IB en e -

HII H7 (jJOpMil pyeTCH J\3
4 

C ': , '30 MKC8K , K OTOpEiH 3a n ycK a € T CR OT J\3[ . BBJIII'll! Ha 3a.D;ep:tKII 

, • =80 UKCBK BrJ OpaHa C Ta KIIIJ p!l.C 'l e TOM , 'lT00bl ilMI1YJibC o np oca f! OHB!!HJIC H !1 0CJ! e TOr O, KaK 

s ' cyMMa T Op Jt 0 0a BilTCH O 'l epe,llHO ~ mar '• v, 3EiKOH'lilTC H nepeXO,llH bi A np OUC CC yc TaHOBJi e HII H 

pa3p e ma!ll!l8f0 !1 0T eHUilaJia Ha Bb! XO,lle DJtHD A 113 mJ.IH ] W4 , COOTBBTC TB YDI!leA HOBOMY KOJtY CYMMaTO 

pa . 

B bi me OOJ.IC a H np11HUll !1 p a 0 or ,; 5 n . sia Oe 3 0 T HOCIIT e JihH O K ycTpO~C TB y , B KOT OpOM OH IJOR8 T 

0 b1 Tb i!C!10Jih3 0BaH . 0CTaHOBll t.:CE Te neph Ha JIOrll 'l e CKilX CBH 3 HX , H8 0 0XO)tJ.IM~ X ,llJIH TOrO. 'lT00~ 
n JI. sia MOr paOOT a Tb B Ka'l eCTBe O,llHOfO 11 3 0JIOKOB nai.IHTil aHaJIJI 3aTOpa r a 'lMOHl\Y. . B 0 - 21ep a u x , 

CyMllaTOp, CT.J. KB , YTp i , Y'l'p
2

, YTpJ CTaB HTC H B IICXO,llHOe COCTOHHI! e TO JibKO O,llllll pa3 B cai.!OIJ 

Ha'la Jie pad OTbl no nporpaM!Ie C4 e Ta H m> • IICXO,llHO e COCTOHHII e CyiiMaTopa - " 28", C'l . l\8 . -" l ", 

YTp l - COCTOHHJ.I e , oO e c ne 'l ilB!l.DI!le e nponycK KO.ll;a A u Ha Cy l!MaTop, YTp 2 - COC T OH!Iil e , OO e c 

ne 'lJ.IBa!l~ee pa3pemeHil8 Ha BJJ ' YTpJ - COCTOHHI!e , JJ;ail~ee aanpe T Ha B13 . HeO OX OAilMUH n p i! 

6 

I I 
. I 

• 1 
I 

J 



I 
I 

' l 
I 

nocJie.J;yD•I!X odpal!leHI!I!X K EJI . sio !1HK JIII~H OCTb odecne~l!BaeTCI! JIOrHKO ~ B caliOII dJIOKe. Bo-BTo-

pbix, EA. sio OTJlll'laeTCI! OT ,llpyrHX di!OK OB rralii!TH aaalll!3atopa (M03Y , !l3Y) TeM, ~TO ,!,!U:e ec-

JIII HeT pa3petnaDII!ero CllrHaJia Ha BbiXO,!,ax )lW Aa aHalll!3atopa d
1 

I!Jlll 
2 

, ll CJie,l\OBa!eJibHU, 

CUTbiBaHH H 1!3 EA. sio np11 odpallleHHII K HeMy no ,11pyrH11 a,~~pecaM He npo1!30I!,IIet , co,llepxMIIOc 

C~TOpa dy,lleT I!CKaJ:aTbCII, 1100 HMnyJibC Odpal!leHI!I! KO BCell Bl!,llall naMI!TI! 113 EUY npi!XO,l\llT ll 

Ha EJI. sin 11, C~I!TbiBal! /!. • 113 !l3Y /!. o , dy.D,eT npl! da!iJII!Tb ero K CO,llepXI!IIOIIY CYJoO!aTopa, 

I!CKaJ:al! er o. JlJIII npe,!,OTBpal!leHI!I! I!CKaJ:eHI!I! CO,!,epJI!IIOrO CyYIIaTopa I!YTIJJibC OII Odpa~~teHI!I! K 

,~;pyrl!ll Bll.!.all naMI!TH aHaJlllaatopa Ha BXO,!,e noro I!MnyJibCa B EJI. sin noc taaneHa JIOrH'!ecKaH 

cxelUI, nponycKaD~~taH ero B EJI. sin TOJibK O np11 HaJli!'II!H Ha JllU •a pa3pemaDIIIHX noteH-

QHaJIOB d
1 

lUll d
2 

3Ta cxe·Ma COCTOI!T 113 IUilli, 31II ( pi!C . 12) , IIHBI(pi!c.II), B32 , Yci. 

Oni!CaaHaH Bblme i!Ori!Ka ,J;OJIJ:Ha dbiTb ,!,OnOJ!HeHa cxeMoll, aanpe~~taDI!Iell ,l\OdasJieaHe mara l!.a K 

co,~;epJ:HIIOIIY cyu~~atopa nJ!I\ oOpallleHHI! K EJI. sin no aJ[pecy d, ( Bbi dOp 3Ha'! eHI!H sin e ) , 
CJ!e.IIJDIIIelly B nporpaliii/Cf aa Odpal!leHHell no a,11pecy d 

1 
( Bbl <lOp cos 0 ) , nOCKOJibKY B O,IIHO!I 

i1BKJ!e Bbi<l OpKi! HeO dXO)II!IIO nOJ!y'laTL 3Ha'!eHIII! sin II cos O,IIHI!X II T€ X J:e aprYlleHTOB II a'!. , 

Kp011e TOrO , 3Ta CXelUI )IOJIJ:Ha 00Jia,J;aTb e111e OJIRI!M CBOIICTBOM: 3anpemaTb ,!,O<laaJieHHe mara /!.a 

It CO,IIepJ:HIIOIIy CyllllaTopa npi! CaMOM nepBOII Odpal!leHI!I! K EJI . oin nocne ycTaHOBKI'l era B HC

XO)IHOe nCBOI!eHI!e . 3TO C)leJiaHO )IJII! TOrO, 'ITOdbl CKOppeJll!pOBaTh B ~OpllyJiaX EecceJII! B nepBOII 

npoHase,~;eHHH 3Ha'!eHHe ~YHK1111H H 1. c HY nesoll ljla3o ll - H, c sin HJIII cos Hynes oro ap

rylleHTa . Cxeua BKJID'!aeT a cedn: YTp2 , YTp 3 , B33 , Yc 6 11 BblnOJIHI!eT see sblmeH3JIOI!eHHhle ~YHK

!11!11 CJie,~~;yDIIII!M oelpa3o·ll . 

CHrHaJI ycTaHOEKI! .o • , npi!XO,l\I!IIII! A Ha EJI. sin B Ha'!aJie c~eta II m k ' CTaBIIT YTp2 

B paapemeHHe,a YTp1 B 3anpe111eHI!e npo xox,~~;eHIIR l!llnyJihcoa oelp8.111eHHH K EJI. sin qepe3 B33 
Ba JlWI . II03TOMY nepsoe oelpal.lleHHe K EJI . sin He ,l\OdaBJIHeT HI!KaKOrO /!.a K CJMIIaTopy, 

CTOI!IIIeloly B "0" II 1!3 EA. sin C'IIIT blBaeTCI! sinO• II cosOo 11p11 nepBblX odpal!leHI!I!X 110 a,~~;peCaM d
1 

11 d, • ITpll'leM npH odpameHI!H K Ell . sin 110 a,~~pecy d, YTp3 Jl!e noctasneH a paapemeHI!e 

IIIITYilhCOII OT R3I npl 11p€.l\b!JIY!Ilell odpallleHI!I! no d 1 , HO YTp2 3TIIII J:€ IIMnyJlhC OM nOCTaBlleH 

B 3a11per, n03TOIIY 11 no d, npH<laalle HIIH Aa K co,~~;epJ:HMOMY cyY~~atopa He 11pOH 30R.IIei. Ho 

l!llnyn•c c R3r npH oOpal!leHIIII x Ell . s in no d, noctaBIIT YTP2 B pa3pemeHIIe 11 , T .K. Y'Ip 3 
tenepb dy,~~; er ace ape1111 B pa3pemeHHij ( oH aanycKaetcH 110 paa,~~;eJibHOMY Bxo,~~;y 1111nyJihCOM orR31), 
TO CJ!e,ll;y~~ee odpa~~teHI! e 110 d 1 npH<laBIIT nepsoe 3Ha'!eHHe ~a K cyMMarrny H,nepe <lpoci!B 

YTp2 B 3al1peT HMI1ynhCOM c R31, He ,11acr npH<laBMTbCI! mary A a K co,~~;epxiiMOMY CYIIIIaTopa np11 

OCipallleHIIII no d 2 • )laJibHeAmlle OCipal.lleHHI! K Ell. sin <l y,!!;yT npOIICXO,li; IITb TaK x e, KaK Oni!CaHO 

Bblme . 

HaKOHen, HeOCIXO,li;IIMa JIOrijqecKal! CXeMa, KOTOpaH 3anpel!laJia db! npijCBOeHJle OTp11!1aTeJ!hHOrO 

3HaKa 3HaqeHHI!M cln I! cos , C'II!TblBaeJ.Iilll C IT3Y s in B TOM Clly'!ae, KOr,lla nepenOJIHeHI!e 

C~TOpa ll,!,eT de3 OCTaTKa , !!dO, HanpiiMep, eCllll B CYilllaTOpe <lb! JI aprYMeHT 87 , 5° II ,!!;OCiaBIIT

CR mar 6 a =2 , 5° , TO CYillUIT Op nepen OJIHHTCH, C'leT'IIIK KBa,!!;paHTOB 11epe1!,11;e T BO BTOpO A KBa,ll;-

paHT II BMeCTO cos 90° , 0 113 IT3Y oin Bhl0epeTCI! "-0". )lJII! ycrpaHeHIII! 3THX Oml!dOK BB e,lleHa 

i!Orll~ecKaH cx ewa, KOTOpal! COCT OHT H3 B36 , 8h2 , MHB2 , B34 , B35 • BeHTIIJih B36 npll Hallll~llll B 

CyllllaTope KO,IIa "28" ( YCJIOBHblll HYJih CYMJiaTopa) sanp el!laeT 11 pOXOI!,ll;eHH e HllilYJlhCOB qepe3 

BeHTHJII! B34 II BJS ' CTOHllllle Ha nyT H BblXO,!,OB Jlill3 , npHCBaHBaDllli!X OTpHnaT eJ!h HblR 3HaK 3Ha~e -

HHI!II cos BO IT-OM KBa.D,paBte II 3Ba'!eHHI!M sin B W- eLl KBa,!!;paaT e • 

.. 
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PHC. 2. CXeMa HMITY~hCHO-ITOT eHUH&nhHOfO BeHTH~R 

Ha ~Ba ITOTeHUHa~hHHX BXO~a H O~HH HMITY~hCHH~. 
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PHc. 4. CxeMa TpHrrepa • 
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PHc. 5. CxeMa HMrrynhcHo-rroTeHnHa~bHoro BeHTHnR 

Ha O~HH IT OTeHUHanbHH~ BXO~ H O~HH HMITYRbCHH~ . 

7A ui.t; Ha 
trO/lOI..IeGiJI'1 ~me. 
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IJ.9K 

Pv.c . 8. TIM H8 ~Ka nw2 . 

•t,58 

Pv.c . I O. CxeMa O~HOBHOpaTopa . 
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Pv.c . 9 . TIM H8 MKa l13Y • in a 

-lOb 

l.f !< 

flf6A 

-.1,5b 

PHc . II . CxeMa HHBepT opa. 
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PMc . I 2. CxeMa 3MMT TepHoro noB TOpv.T e JIR . 

12 


