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/1/ 
P8CCMaTPBB89M851 CII&llJI8.11113BpOB8BII8H Bhi'UICnaTeliW5a.tr MliJIIJUl8 11-Reepe--

qes8 nns r8pMos~ec~oro 8H8HB38 pacnpenenesas Mara.Tsoro nons ua~naqec~ax 
/2/ 

ycKopaTeneA (penHTBBBCTC~BX IIB~nOTpOHOB , ~30TpOBOB C *ecT~OA +oKycapoB-

/3/ KOil. B T.Jl.), 38ll8BBOrO B BBlle 2v 'lllCTBidX 3Saqesall. nonH H A , jleBMOMep-

BO p8cnpel!enesaNx no sceMY nepiiMeTPY o~pylKBOCTB c paua:ycoM R 1 • Kos$11•-
/4/ 

na:eHTbl Cllyp&e At a: B 1: BN'IJIC1I5DOTCH no cjJopMfH&M SeccenH 
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AMnnHTyllbl B B8'18nbBbl9 ~bl rapMOBBlt BaltOJlHTCH no «!K>pMYnaM 
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(1) 

(2' 

nPII npaexTaposasss cnenaansaapOB8BBhlX Bbl'IBCnaTen&sblX Mamas, np&llB83-

sa'lessblx )lnH pemesaH yaKoro Kpyra aa)la'l ana, ~a~ B B8meM cny'lae, OllBOA onpe

Jlenessol!: 38)18'111, CTp9MHTCH YllOBneTBOpiiTb liOCTaBneSBblM Tpe60B8BBBM no 6blCTpo

)leii.CTBB~ B TO'IBOCTB peay~T8TOB C MBBBManbBblM 06~eMOM BCIIon&3Y9MOrO o6opy

llOBaliBB. EcTecTsesao, 'ITO 9TO coo6pa*eBBe y'IBThiBanoc& a npa paapa60TKe 8Ba-

llll3aTopa r8pMOBH~. 

Ha ocsosasaa 'lepsosoro sapaasTa nporpawMN Bbl'IBCnesiiA no cjJopMYnaM Sec-

cenH, a T&ItlKe B3B9CTSOrO Tpe6yeMoro BpeMeBB )lnll pemeHBH 38)la'lll B TO'IHQCTB, 
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C KOTOpOll Heo6XO.UHMO nony'IHTb pe3ynbTaTblt 6bin COCTaanea nepe'leHb OCBOBBbiX 

ucnonb3yeMbiX a Mawaae onepauall H a&I6paabl onTHManbable .nng aawux ycnoaull 

pa3pa60TKH aapHaHTbl nOCTpoeHHSI OCBOBHbiX y3nOB aaana3aTopa. 

ApH~MeTH'IeCKOe ycTpOliCTBO Bb16paao napannenbHOI"'O TBna, TaK K8K no ~Bcny 

sneMeHTOB oao oTnaqaeTcSI OT nocne.noaaTenbaoro AY TOnbKO aa m -ueno'leK cxaoa

aoro nepeaoca a cyMMaTope (r.ne m- pa3pS!.UHOCTb cyMMaTopa), Tor.na xax .nna 

o6ecneqeaua paaaoro 6&ICTpo.nellcTaHSI a nocne.noaaTenbHOM AY npawnocb 6bl cyllle

cTaeaao yaenH'IHTh TaKToayro 'laCTOTy pa60Tbl sneMeHTOa, 'ITO c.nenano 6bl ero no 

CTOHMOCTH cpaBHBMbiM C napannenbHbiM AY, HO MeHee Ha,ne)I{HblM B pa60Te. 

8 MaWBHe npBHBTa CBCTeMa npe.ncTaaneHBB .UBOH'IHbiX 'IBCen C ~HKCBpOBaHHOli 

3ansrroll. 3To MO)I{HO cnenaTh 6naronapa TOMY, 'ITO naana3oa qacen, c KOTOpbiM onep•

pyeT aaanB38TOp, aeaenaK a 3apaaee B3aecTeH, nporpaMM8 cTaanapTS:a a nosToMy HeT 

Tpy.UHOCTell C no.n6opOM MaCWTa6HblX KOS~~HUB9HTOB. He.llOCT8TKB CBCT9Mbl npen

CTaBneaaa 'IHCen C ~BKCHpOBaHHOli 38nBTOli B aaanH3aTOpe rapMOHHK npaKTB'I9CKB 

He npOHBnSIIDTCB, Tor.na KaK npeHMYIU9CTBa STOll: CHCT9MIOI no cpaaaeHBID C npen

CTaaneHBeM 'IBCen c nnaaaromell 3anaToll noaonbHO y6e.nuTenbHbl. B Mawaae, onepH

pyromell c 'lacnaMR c ~BKCupoaaaaoll 3anBToll, 3Ha'IHTenbao ynpomaroTca AY R ycTpoli

CTBo ynpaaneHBB R B03pacTaeT CKOpOCTb C'leTa. 8 aHanH3aTOpe 3anaTaH ~RKCHpOBaHa 

Henocpe.llCTB9HHO nocne 3HaKOBOI"'O pa3pB.lla. 

B 3anoMHHaiDIIleM ycTpollcTae aaanH3aTopa 'IRena xpaaaTca a npaMOM Ko.ne co 

3H8KOM. 3TOT CnOC06 no CKOpOCTB BbiTIOnBeHBSI TaKBX onepaual! KaK CnO)I{9HHe R Bbi

'IHTaHHe HecKonhKO ycTynaeT cnoco6y xpaaeHBB 'IBCen a 3Y a .nononauTenhHOM Ko

.ne, so OKa3blaaeTca 6onee yno6a&IM npa Bblrronaeaaa PHAa npyrax onepauall: npa

caoeaae 3HaKa 'IHcny, cpasaeaae no Monynro, H3Bneqeaae qacTu paapHAOB qacna u 

Rpl! H9KOTOpblX, onucaHHblX HH)I{e, H9CTaH.llapTHbiX OrrepaUHBX, BbiTIOnHB9MbiX B aaana-

38TOpe. 

npHHBTbiH cnoco6 xpaaeaag 'IBCen a 3Y MaWI!Hbl npe.nonpe.nenan a a&I6op Me

To.na YMHOJKeHI!Sl. YMHO)I{eaae 'IRCen .nonlKHO aeCTRCb a npS!MbiX Ko.nax, a 3HaK npo

H3se.neaug o6paaoabiBaTbCSI oT.nem.ao. B pe3ynbTaTe aaanaaa pHAa MeTonoa yMao
/5/ 

JKeHI!S! c uenhro BJOI.IICHeaaB aaa6onee nparo.naoro ua aux .nng npuMeHeHHB a aaa-

nuaaTope rapMOHHK 6bm B&I6paa cnoco6, OTnuqaromullcg cnenyiDIUHMH oco6eaHOCTSIMH. 

YMHOJKeaue llBOI!'IHbiX KOllOB COMHO)I{BTenel! Ha'IHHaeTCSI CO CTapWHX paapSI.UOS. C.nau

ru B perucTpax MHOJKHTeng u cyMMaTopa BllYT a CTopoay CTapwax paapg.noa, a a 
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perHCTpe MHOlKBMOI"'O C.llBHr OTCyTCTayeT. npa nepeMH0)1{9HHB m -pa3pSIAHblX CQM&O

lKHTenel! 2m -pa3pHAaoe npoa3ae.nealle nonyqaeTCs aa c'leT Toro, 'ITO 'laCTH'IHble 

npozase.neaas no Mepe ax nony'leHBSI cnazra»Tcll a ocao6o)l{.naromzecg Mna.nmae paa-

PSI.Ilbl MHO)I{B:Tenll. Onepauaa. C.UBB:r8 'laCTB'IIIOI"'O rrpOH3Be.U9HHSI B CYMMBTOpe B npa-

68sneaae MHOlKilMOro K co.nepJKBMOMY cyMMaTepa p83aeceabl so apeMeau. BnoK-cxeMa 

AY, aeo6xo.naMoro .nng peanuaauu11 Bbi6p8HHor• MeTo.na YMHOJKeS:JilSI, npaae.neaa u 

pac. 1. 

Llenel!Jie SIBnS19TC51 OTHOCBTem.ao '18CTO BCTpe'l8romeAcSI onepauueA a nporpaMMe 

8BanB38TOpa rapMOHBK, llOSTOMY BOnpoc 0 TOM, BBO.UBTb na .nenei!Jie KaK OT,nenbByiD 

onepauaro ana JKe 3aMeHBTb ero YMHoJKeBBeM sa o6paTHYID aenB'IBHy, nony'laeMyro 

nporpaMMHbiM MeTO.IlOM, 6bln pemea a n0nbay ocymecTsnes:BH OT.nem.aoA onep81lHH 

neneHBSio 3TO llOTpe6oaanO MHBIIM8nbBbiX .ll06aBO'IJibiX 38Tp8T o6opy,nO.BBBH51, llOCKonb

KY O.lli!JIM 83 KpiiTepaea llpiii"'O.IlBOCTH Bb16paaaoro MeTO.Ila YMHOJK9HBSI 6blna B03MOJK

HOCTb ocymecTsneaaH sa TOM JKe AY a onepau•a .neneHHSio 

0nep81lBH .neneHB51 BblllOIIB519TC51 B 8BanH38TOpe M9TO.llOM, He Tpe6yiDWBM BOC-
/6/ 

CT8H.OBn9HBH ocTaTK8 o l13 .nenHMOI"'O BblUTaeTC51 .ll&nBTem., H B cny'l8e llOny'leBBB 

OTpBil8TenbiU)I"'O OCT8TK8 llpeJKHee 3B8'l9HBe OCT8TK8 Be BOCCTaHaanB.B89TCH. nony'leH-

8851 p83HOCTb c.naaraeTCSI sneao sa o.naa pa3pHA, 11 a cne.nyromeM URKne .neneHBSI .nena

Tenb yJKe He Bbi'IIIT8eTC51, 8 npR68BnHeTC51 K OCTaTKy. nonoJKBTenbHbii 31l81t OCTaTK8 

OSHa'l8eT, 'ITO O'lepe,naa!l llll~a '18CTHOI"'O '1' , OTPBil8T9nbHblli - '0'. BBBAY TOI"'O, 

'ITO Bbi'IBT8BBe nenaTenSI 113 OCTaTK8 npOB3BO.llHTCSI B 06paTHOM Koae, HpB AeneHBB 

aaueno a ocTaTKe nony'laeTc g o6paTHblli KO.ll ay nH '1, 111, ••• , 1 '. 3To npne.neT 

K OIUIIOO'IHOMY onpeneneHBID O'lepe.llHOli llB~pbl '18CTHOI"'O ( '0' BM9CTO '1 '), B B nanb

aelilllBX warax neneaag a '18CTHOM 6ynyT BCe '1 '. TaKBM o6pa30M, OT6pac&IaaB a 

'18C.,:'HOM Mnanmae p83pHAbi .nanbwe m -oro, MOJKHO nony'IBTb peaynbTaT neneaaH 

c oma6xoll a e.naaauy m -ro pa3pHAa. liTo6&I a36eJKa'l'b aToro, a M8WHHe a onepa

uaa neneaa51 aae.neHo OKpyrneaae, 3aKniD'I8IDmeecg a npaoasneBBB '1' a unanwall 

m -bill p83pSIA qaCTHOI"'Oo 

npaaeneaablli H86op onepauali a npouecce KoppeKnaa qepaoaoro B8paaHT8 npo

rpaMMbl o~o~n nononaea aoa&IMB, B9CT8H.llapTHbiMH onepaUHSIMH. Onacaaae sTax one

panel! UpBBO.UIITCSI BBJKe i!M&CTe C OlliiC8HBeM OKOH'IaTenbHOI"'O BapB8HTa nporpaMMbl. 

nporp8MMa ua~poaoro aHana3aTopa rapMOHBK aKniD'IaeT a ce6SI cne.llYIDWHe oc-

HOBBble '18CTB: 
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1. nporp8MM8 DOAJ'OTOBKB MS~BHbl It pa60Te. 

2. nporpaMM& Repeso.na BCXOAHbiX A8BHbiX H A 

neHBH B ABOB'IBYJO B 38CbinltB BX B M03Y. 

B3 .Q9CHTB'IHOA CBCT8Mbl C'I·BC-

3. nporpaMM8 C'19T8 H 0 , 38Jt8H'IBB8J0~8SICH nepeBOAOM ABOB'IHOrO JtOAa pe-

3 yn&TaTa a .necHTB'IHbiA B ne'I&TbJO AeCHTB'IHOro Jto.na H 0 • 

4. nporpaMM8 C'leTa Jtoa4jlqlanaeBTOB 41ypbe A k B Bk • 

5. nporpaMM8 onpe.aaneB5H we.aynH k -oA rapMOHHitH H m k • 

6. nporpaMM8 Bbi'IBCIIeiiBH B&"'&:llbHOit cjla3bl </J 
0 

k , 38lt8H'IBB8JOIU8SICH nep&Bo

.QOM .asoB'IHoro Ko.aa Hm k • .P 0 k B .QeCHTH'IHblll a neqaTbJO peayn&TaTa B .aeeHTB'I-

HOM JtO.Qe. 

norB'IeCJtOe CO'III8H9HB8 nepe'IBCII8HHbiX BbiW8 KYCKOB DporpSMMbl DOHCHSieT 

6noJt-CX8M8, D01t838BH8H H8 pac. 2. 

PaccMOTpBM KSlKllYJO 'ISCTb nporpaMMbl no.apo6aee. 

nporpaMMH DO.QrOTOBJtB M8WBBbl It pa60Te COCTORT B3 ltOMSB.a O'IBCTitB pa60'IBX 

Sl'l991t M03Y B KOMSB.a BOCCT8HOBII8BBSI B onpe.neneHHbiX Sl'leliJtaX M03Y BCXOAHOrO 

JtOA8 tjJopM11pyeMbiX JtOMSH.Q. 

Llns nporpaMM&oro nepeao.Qa acxo.naoro Maccasa 2v 'IBCen H A B3 1118CTB-

pa3p51.QHOrO .QeCSITB'IHOrO JtOA8 B AB8.QD8TBp83p51.QHblit ABOB'IHblit KOA BCUOnb30B8H Me-

/7/ 
TOA, ODBC8HHblit B pa60Te • noHCHBM CyTb '3TOrO M8TOA8 H8 DpBMepe. npe.nnono-

lKHM, 'ITO He06XO.QBMO nepeseCTB B .QBOB'I&yJO CBCT9MY C'IBCII9HBH 'IBCIIO 0,512. 3TO 

'IHCIIO MOlKHO 38DBC8Tb B BHA8 10-3• [ {5•10+1)•10+2] • 113 T8JtOit ljlopMbl 38UBCB 

CTSHOBBTGB DOBHTHbiM anropBTM nepeBO.QS. JlBOB'IBblit 3JtBBB8118HT UBljlpbi CTapwero 

pa3p51.Q8 .Q9C51TB'IHOrO 'IBCII8 YMHOlKa9TCH H8 10 {a ABOB'IBOit CBCTeMe C'IBCII9HBSI 

YMHOlKeHBe HA9T Ha KOA '10t0', JtOTOpblit Xp8HHTCH B MIISAWBX pa3p51.Q8X 20-p83p51.Q

HOit C9TKB MSWHRbi) B npa6asn.eTCH It ABOB'IHOMY 31tBBB8119HTY UB!jlpbl BTOpOrO DO 

CTapWBBCTBy p83pSI.Qa. CyMM8 3TBX "'BCen BHOBb YMHOlK89TCSI 88 tO, CKII8AbiB8eTCSI C 

ABOB'IIIbiM 9KBBBaneaToM ucjlpbl cne.ayJOmero paapH.Qa a T • .a • .ao Tex nop, noKa ae 

6y.QyT BCD0nb30B8HW BCe llBljlpbl DP.p9BO.QBMOrO .Q9CHTB'IHOrO 'IHCIIS. JlBOII"'HWe 3KBB-

8811eHTbl UB!jlp, B3 KOTOpblX COCTOHT nepeBOAHMoe .Q9CHTH'IHOe 'IBCIIO, nony'ISJOTCH 

Hd .QewaljlpaTope, npeo6paay10meM .QeCHTB'IHblll Jto.n BXO.QHbiX 'IHCen H A B .asOH'I

Ho-JlecSTa'labiA. B aaKnJO'Ieaae nony'leHHbiA a peayn&TaTe BblmeaanoJKeHHbiX onepa

nait .I!BOJI'I.Hblll JtO.Q yMHOlK88TCH H8 10 -n , r.ne D -'IBCIIO pa3pSI.QOB B nepeBOllHMOM 

A9CSITH'fHOM 'IHCIIe (B p8CCM8TpHB89MOM DpHMepe D • 3). 
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Llns TOro 'IT06bl as6eJKSTb nepenonaeaaH paapH.aRoll ceTKH MSmHHbl npa acnon&

aosaa·- onacaaaoro anropaTMa nepeso.QS aa Mamaae c ljlaKcaposaaaoA sanstro.A, ae

o6xons:MO '19Tblpellpa3pH.QHble llBOB'IHble 9JtBHB811eHTbl A9CHTB'IHbiX UH!jlp DpB ODepa

UHHX a apaljlMeTH'IecJtoM ycTpollcTae Ma!liHHbl sanBCHBaTb a C8Mble Mna.amae paapH

Abl COOTBeTCTBYIOIUHX perHCTpOBo 3TO DpBB9110 K DOHBneHHJO HeCT8H.Q8pTHOA onepa

IUIH yMHOlK9HBSI, 0603H8'189MOft B ll8nbH9AW9M X " • Lleno B TOM, 'ITO DpH YMHo

llteHHH lt0ll8 't010', HSXOAHmerOCH B Mlla.QinllX pa3p51.Q8X perHCTpa MHOlltHMOro, H8 

4-paapHAHblft ,liBOH'IHbiA 9KBHB8119HT O'lepe.QHOA DepeBO.QHMOA .Q9CHTH'IHOA UH!jlpbl, JtOTo

pbiA T8Kllte HSXOAHTCH B MIISAIUHX pa3p51.Q8X peraCTp8 MHOlKHT911H, U~IIY'IIITCH MHJtCII

ManbJIO (BOCbMJlp83p51.QHoe) Dp0113B9.Q9HH8 B CSMbiX Mn&AWHX pa3p51.Q8X CyMM8TOpa. 

npB o6bl1lHOM lite YMH0llt9HHH ABYX m -p83p51.QHbiX KOAOB m CTapWKX pa3p.su:!O.B...npo

H3B9A9HHSI o6pa3yJOTCH B perKCTpe MH0lKIIT911SI H OTTy.QS C'IBTbiBSJOTCSI B DSMS!Tb 

MSWIIHbl. noaTQMY .QIISI COXpaHeHHSI H.Q9HTH'IHOCTH Dp0U9CC8 C'IHTbiBSHHSI p83YnbT8T8 

y'MHOJKeHBs B M03Y Maws:abl nony'leHHbiA B cyMMaTope AY KOA npos:sse.aeas:g Itoacjl.

ljls:us:eHTa '1010' B8 ABOII'IHbiA 3KBIIB8119HT O'lepe,asoA nepeBOAHMOA A&CHTH'IHOA UH!jl

pbi Xpa!IJITCSI TSM AO cne.nyJOmeA ltOM8Hllbi, ltOTOp8SI npe.QCT8BIISieT C06oll: 06bi'IH09 

YMB0llt9HB8, BO DO a,apeCaM MHOlKIIMOrO B MBOlltHT911SI B DSMSITII 38DBC8Hbl &yiiBo 

nocne B:biUOIIHeifHH TSKOA KOMSBAbl Up01130A.lleT .TOnbKO CllBBr OCTSBJnerQCSI OT npe

AbiAYJneft onepa'UKII co.aepllt&Moro cyMMaTopa aa "m " paspsr.aoa 11 34CblnKa ero a 

per&CTp MHOJKBTeng, OTJty.na 06bl'IHbiM CDOC060M Dp0113B8A9HBe C'IIITblB88TCSI B 

M03Y. 

3aitiiJO'IBT91lbHbiM 9T8DOM nporpaMMbl nepeso.na ,li9CHTII'IHOrO KO.QS 'IHCII8 B llBOB'I

BbiA HBIISieTCSI yMHOllt&HHe nony'leaaoro .QBOB'IHOro Jt0ll8 sa DOUp8BO'IHbiA. Jt09ljlljlKUB-

eaT, y'IIITbiB8JOmHA MHOlltHT8nb 10 -n H M8CWT86BpyJOmHA KOaljlljlBUB8HT 2m , r.ne 

m -'IBCIIO pa3p&.a.OB B per&cTpax AY MHinBHbl, B03HBK810Inllll: KaK cnencTsBe aacbln

KB 4-pa3p51.QHbiX ABOII'IBbiX KOAOB nepeBO.QBMbiX ll9CSITH'IHbiX llBljlp B Mll8llln119 pa3pSI

.Q:bl pers:cTpos AY. CnenosaTellbHO, nonpaBO'IHbiA MHOllts:Ten& pasea 

()"' 10-~ 2m. (3) 

nerJtO DOK83aTb H8 DpBMepe, 'ITO It09ljlljlll!lB9HT () > 1 • Lleli:CTBIITen&HO, nycTb 

• • -3 tO 
D "' 3 , TOr,aa, T4K K81t m • 3,3 • D ., 10, TO () •10 • 2 • t,024 > 1. Y'IHTbiBSSI, 

'ITO B paCCM8TpBB89MOA M8WHH9 38DSIT8SI ljlBKCHPOBSH8 nepeA CTapWIIM pa3pHaOM .QBo

H'IHOro KO.Qa, TO ecTb 'IBCIIS, C KOTOpbiMB ODepllpyeT M8WHH8 AOIIlltHbl 6b1Tb DO Mo

llYIIJO M8HbW8 8llBHHUbl, MHOlltBTb pe311lbT8T nepeBOA8 ll9CHTH'IHOrO KO.Q8 'IHCna B 
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I 

lXBOJr'UILiil Be Jt091jJcjlllllBe.llT () B61Ib3SI. OIIepanBB yM.BOlKeRBSI aaMesBeTCSI B 8l"l''a4 

c~ae ~enesaeM .aa·~~:oa~~HilHeRT. 

"" I 0 • lQn. 2-m< I • , 
(4) 

np.a C0CT8Bll6RJIB llpOrpaMMbl Bbi'IHCA6BHSI H O MQlKHO 6bll10 BATII ~ 11!'-

TSIMII, COOTBeTCTByJOIIUIMJI lXBYM BBlXSM paaaepByTOA 38IIBCB cj)OpMYllbl ( 1): 

a) Ho • ..!.... (Hl 
2v 

+ H t + ....... + HA ) (5) 

6) H 1 1 1 "H o"'-•Ht+-·H,+ .... +-· A 
2v 2v 2v 

(6) 

Ill 
llnB paccMaTpsaaeMOA MamB's&I H A •10000,0- 20000,0 a H DQeTOMY 'IIICn:o 

paap~oa perBCTpOB AY a 3Y paaso 20. MaKCBMallbRoe necBTB'IHoe 'lucno, KOTopoe 

MOlKHO 38IIBC8Tb B TSKOA pa3pHAROa ceTKe paaso B9999,9 a. CnenosaTen&s:o, aoc-

nollbaoaaBmKCb aapBaRToM a), nony'IHM nepenonsesae peracTpoa AY npll cyMMapoaa

HBII H A ylKe H8 5-10 mare, a TaK 11:811: 'IHCllO 'I:AeHOB B 3TOA CyMMe paB.BO :b-• 24, 36, 
Ill 48, 72 HllB 144 1 TO llllSI l1HKBBlX8UUB nepeDOllHeHBSI B 3TOM aapaaRTe Re06XQQUMO 

BBeCTII D. lX06ABO'IHb!X CTapDIBX pa3pHAOB1 rne "n" onpelX6l1SieTCSI MSHCBMaJII>HO 
tilt 

B03MOlKHOA I H A • nocii:Oilblty H 0::; 20000,0 a, a 2v ~. 144, To: 
A"' I 

( H +Ht +· .... +HA)mcn: •2l'maz • HAmaz•2880000,0• 

'ITO COCTaBllSieT 8 lX6CBTB'IRb!X HIIB 27 lXBOB'IRb!X pa3paA'OB. 8 asanu3aTOpe m •20, 

Clle.QOBaTenbHO, ft 00 7 lXBOII'IRb!M pa3pHAaM. 

Ecna npa Bbi'IBCl18HHB H O peanB30BaTb BapHaRT 6) ll OCTaSilBTb TOIIbKO m-
1 "H . 6 pa3pHAHble np011'3Be.QeHBSI 2j; • . A , TO MaKCBMallbRaSI OWB Ka B KalKJlOM TaKOM npo-

B3B,ll8HHII COCTaBHT 2-m H, Cl16.QOBaTellbHO, MaKCHMallbHaH IIOrpeWSOCTb CyMMbl 
2V 1 I - · HA MOlKeT 

Ae1 2J..• 
OK83aTbC.II B f -OM pa3pHAe, IIOCKOIIbKY ORa pasHa: 

2v • 2-m"' 2f • 2-m., 2 -m.+f. 

TaKBM o6paaoM, .QnH Taro 'IT06&I nony'IBTb a aTOM aapaasTe nporpaMMbl H 0. c TO'I-

1 'H rv· A 
HOCTb!O 2-m , HYJKHO BBeCTH CO CTOpOHbl MllalXWBX pa3pHAOB npOB3Be.QQBBA 

"f" .Qo6aao'lablx paapHAOB. Torna pe3yll&TaTbl YMSOlKeHBSI _1_ sa H A pacno-
211 

naraiOTcst a (m +f) -paapHAsoA ceTKe H cao6o.QHble cTapms~ paapSILlbl· rapaRTspyiOT 

OT nepenonaeHUSI perucTpoa AY npu nocnenyiOmeM cnolKeHBR STBX npouaaeneHBA, a 
211 

.Qa.QyT HaKOIIHTbCSI OWB6Ke B • CYMMe I - 1- • :HA 
A•l 2v 

.Q06aBO'IHbiX Mlla.QWBX pa3pHAOB He 

6on&we, 'leM 2 -m. 

8 

Cpaasease aapsaHTOB a) a 6) noKa3b!BaeT, 'ITO ax peansaanBB Tpe6yeT OAu

saxoaoro lX06aBO'IROro o6opy.QOBAHBH, RO TaK KSK BapBaRT a) BMeeT 3Ra'IHTenbHO 

M8HbW6e Bp6M.II C'leTa H3-3a SallH'IBSI TOllbKO O.QHOro YMHOlK8HH.II BMeCTO 211 - YM

ROlK8RHil, Re06XOAHMb!X B aapuaRTe 6), TO llpU COCTaBl18RBH nporpaMMbl MaWHRbl 6bll 

llpURBT 3TOT BapHaBT C R8KOTOpb!MU MOABljiBKAUHSIMII, paCCMOTpeHRb!MH RHlKe, 

HaA.Qessoe nns aapaasTa a) qacno aononaaTen&Rb!X paap~oB D • 7 lXOlllKHO 
111 

6b!Tb CKOppeKTUpOBaRO, IIOCKOllbKY B3 H3BeCTHO, 'ITO AMilll.lrTYlXA HeKOTOpbiX rap-
2 

MOHSK H m t .QOCTHraeT 6000,0 a a, cneaoaaTen&ao, H m t • 36000000,00, TO eCTb 

o6pa3yJOUleecg npu Bbi'IBClleRHH H m k llO,QKOpeHROe BWpalKeHHe ( A 2 + B 2 ) MOlKeT 
k k 

HMeTb 33 .QBOII'IHb!X paapaaa H 'IHCllO .QOilQnSIITenhSblX pa3pHAOB ymellH'IHBaeTCSI lXO 

13. E&mo npaaaaao aeaenecoo6pa3HbiM ycTpaHBTb nepenonJieHR.II per11cTpoa MamHHbl 

nyTeM yaenaqeRHH paapaasoA ceTKB, 3To aaTpy.~:~aes11e npeo.Qoneso aaeneaaeM cneuu-
211 

an&H&IX onepausA +' u +", noaaonSIIOWHX nony'laT& 2m -paap~Rbie cyMM&I: I H A; 
A•'l ¥' 

A=-t 
u nonxopeaaoe 

H A • eos k • . ~ • A 
2V 
! HA· sink·_!!__,,\ 

A=! II 

Bb!paJKesae ( A~ + B ~ ) sa m -paap~HbiX AY H 3Y. 

noHCHHM sa npuMepe npaausn cnoJKesaH .llBYX 2m -pa3p~HbiX 'IHCen Ha m-

pa3pHAROM A':/ • liscna MOryT 6b!Tb KaK nonOlKHTellbHblMH, TaK B OTpBUSTellbHbiMH, 

HanpuMep: 

1,10111001 

1,11001001 

o6paTHb!A KOll 1-ro cnaraeMoro, 

o6paTH&IA KO.Il ll-ro cnaraeMoro. 

.llenHM KO.Q 060HX 'IUCen Ra lXBe 'laCTH no m pa3pHAOB B KalK.QOA. 

1001- m Mna.~:~mux pa3pHAOJ3 1-ro cnaraeMoro, 

1001 -"- lJ -ro cnaraeMoro, 

1011 - m cTapmsx paapaaoa -ro cnaraeMoro, 

1100 II -ro cnaraeMoro. 

npouecc CYMMHpOBaHBSI pa36HaaeTC.II HS cne.QyiOIUHe 3Taii&I: 

1. CyMMHpoaasse Mna.~:~wax paapHAoa: 

nepeaoc 

1001 
+ .lQQL 

0010 

EAHRHUS nepeaoca, B03HHKWaSI npH CllOlKeRBH Mlla.QWBX pa3pHAOB, 3anOMHHaeT

CH B llOClle Cl10lK6RHSI CTapWBX pa3pH.QOB .Q06aBnS16TCSI K BX CYMMe. 
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2. CnolKeHBe cTapmax pa3pll.IIOB 

+ 

uepeuoo 

1.1011 
J....lJjlQ 

1.0111 

Y'ITeM ellBJlJIIlY nepuoca B3 MnallmBX pa3pSUIOB 

1.0111 
I. + 

1.1000 

3. CnoJKeHRe 8llBfiBilhl nepeHOC8 113 CT8PDIIlX pa3pSUIOB C CyMMOA Mll8JI:mBX paapSUIOB 

(nRinR~ecxxi nepeRec) 

0010 
+__L 

0011 

RpR 9TOM B03MOlKeR cny'lal, JCOr.Ra llpB T81COM CDOJKeHJU: B03fiBKBeT eme 01188 81lB

BBil8 nepeBOC8 B CTapmBe pa3pll.llhl, Cne.llOB8T9llbHO, Beo6XOilBM eme OllBB STan. 

4. CnOliC9BBe cyMMhl CT8plllBX pa3pll.IIOB C 81lBHBil8A BTOpB'IBOrQ nepesoca B3 .,.._ 

lllBX pa3pll.IIOB, 

TaiCBM otipa30M, llOIIBhll IUIK!I CIIQliC8HBSI llBYX 2m pa3pll.llHhiX ~en, OlUIO B3 

XOl'OphiX Bnll otia 0TpBil8Tellb.B;hl, BhlllOnBBeTCH B 4 ltOMaJIJlhl! 

1. CnolKeliJre MJI81lmBX JJUpstiroB c 3SDowJiilas&eM WIBHBilhl uepeaoca (onepa-

llHSI + '). • 
2. CnolKe!Uie cTapmsx paapSJ.ROB c ytteTOM &.llllBIIllhl nepesooa aa MD81llllBX paa

pll.IIOB R 38IIOMRH8HHe nepeaoca, otipa3yiOIIl&rOCB llpB CJIOlK9fiBB CTapmBX pa3pll.IIOB 

( onepanas +'). 

3. CnoliCeHBe MDSilmBX pa3pHilO!I c enamel nepeaoca B3 CTapmax pa3p5IIIOB B 

38llOMBH8HRe HOBOrO uepesoca B CT8pDUI8 pUpSUihl ( Oll8p8IUIS1 + ') • 

4. CnolKeaae c'l'apmax paap~ co BTOpB'IBoA enlllllleA tiepeaoca B3 MDSillllBX 

paapll.llOB (onepanBSI +'). 
JJ.ng cnoJKeaas lli!YX nonolKJITellbBhiX 2m -paapS!IlJIWX "'IICen DQCTaTO'UIO acero 

llBYX XOM8Hil - onep81lBSI +' B 0118p8IUIS +' '< UOCB:OIIIolty lip. CyNNBpOB8BBJI CT8pmBX 

pa3pSIJlOB nepeHOC B 9TOM C.II)"I.Il9 B03DitilyTb lolt fdOlK\,·T, 
211 211 

npa nony'leHBH 2m -pa3pS.IlBhiX cyww :I H>. cos 11 a • : >. B :I H >.sin l!J.a • :>. 
>-•1 >.e1 

Ka)I{Jloe O'lepellHoe cnaraeMoe, nepeA npll.6aanes•ew K ylll:e awe10melcs 'laCTB'IHOA 
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1····,. 1 
I.........___ 

CYMMe, npeJlCT8BnSI9TCSI B BHJl9 2m -pa3pSIIlHOrO llBOH'IHOrO K01l8, B KOTOpOM m 

MnallmHX paapS!IlOB npellCTasnmoT co6cTseHHO senH'lHHy H A ·.cos l!J.a • A , rur6o 

H >. • .sin l!J. a • A , a m cTapmax paapll.llOB scerlla ayna, so B aaaKOBOM paa-

PHAe - 3HaK o'lepellHOro npoaa&elleHHSI, npacsoeHHhlll onepauaell +"'. CnellyeT 

OTMeTHTb, 'ITO llpR C1lOlK9HHH M1laJlWHX pa3pS!IlOB 3HaK RX npOMe)KyTO'IHOii CYMMbl 

scerlla ycTaaasnasaeTCSI nonolKRTenbHbiM, TaK KaK npa nocnellyJOweM ware cyMMR

posaaH!I KOil cyMMbl MnallWHX paapll.llOB ae llOnlKeH MeHSITbC!I npa nepella'lax aa AY 

B 3Y H o6paTHO. 

CyMMa 2v cnaraeMblX TaK*e xpaHHTCSI B llBYX !l'leliKax M03Y: B OJlHOii -

CT8pWHe pa3pll.llbl CO 3B8KOM, B Jlpyrol! - Mll81lWHe BCerlla C liOliOlKHTellbHb!M 3Ha

lt0M (B 3H8KOBOM pa3pll.ll9 38!1HCbiB89TCSI '0'), lln!i Taro 'lTOObl TaKaS! COCT8B-

H8SI 2m - pa3pSIIlHaSI CyMMa MOrna Y'ISCTBOBaTb B ll8nbHdWRX Bbi'IHCneHHSIX 110 lip~ 

rpSMMe, ee MnalllllHM pa3pll.llaM HeOOXOilHMO !lpHCBOHTb 3H8K BCel! CyMMbl H TpaH

c¢opMHpOB8Tb HX KOil B COOTBeTCTBKH C 9THM 3HaKOM, 3TO 11pOH3BOilHTCSI O!lepana

ell +"', KOTOpa!! SIBlll!eTCll T8KlKe HeCT8Ril&pTHOJi: H HylKJlaeTCSI B 6onee llOilp06HOM 

DOSICH9HHH. 

0nep811HSI +'", IIOMHMO yKa3aHHbiX BblWe llBYX ljlyHKilHJi: - llpHCB08HH8 31. • 

Ka 'lacna aynesoli: gqel!Ke a npacsoeaae aaaKa CTapwax pa3pHiloB Mli8AWHM paap!AaM, 

noasonaeT nonyqaTb MOilYllb 'IRena. Bo scex Tpex cny'la!IX onepauas BhlnonHSieTcSI 

CTepeOTHnHO, npa OOp830BaHRH MOilYliSI 'IHClla, 'IRC1lO, MOilYllb KOTOpOrO OnpeAeJISieTC!I, 

3aiiRCbiBaeTCSI no 2-My 8Jlpecy, a no 1-My 3anHC8H .,0.,. lln!i npHCBoeHBSI 3HaKa gqeli

Ke M03Y, B KOTOpoli: aanacaH r0r , 'IHCliO, 3HaK KOTOporo npHCBaBB8eTCSI, aanHCbi

BaeTC!I no nepBOMY allpecy, Sl'leli:Ka C COJleplKaHR9M ror - no BTOpOMy, HaKOHeU, 

npH npHCB09HHH 3HaKa CTapWHX pa3pHilOB MllallWHM, CTapwHe pa3pll.llbl aanHCb!B810TCSI 

B !l'lel!Ky M03Y no nepBOMy allpecy, a MllallWRe - no BTOpoMy, 

nporpaMMa C'leTa H O 3aKaH'IHBaeTC!I nepeBOilOM pe3yllbT8Ta Bbl'IHCneHHJi: H3 

llBOH'IHOrO B ll9CSITH'lHb!Ji: KOil H nocnellOBaTenbHbiM Bb!BOilOM ll9CSITH'IHOrO KOil8 H8 

/8/ 
rre'laTb. MeTOil nepeBOil8 CBOJlBTCSI K Cli9JlYIOllleMy, llBOH'IHbJJi: KOJl 'IHC118 YMHOlK8-

eTCSI Ha 0,625 \JlBOH'IHb!A KOil 'lHcna 0,625-0, 1010) H nocne KalKAOrO TaKoro YMH~ 

lK9HHSI { HeCTaBJl8pTHaSI onepallHSI - X ) '19Tblpe CTapWHX pa3pll.lla o6pa3yJOWerOCSI 

{ m + 4 ) - pa3pS!JlHOrO npOH3B9Jl9HHSI BbiBOJlSITCSI Ha cnellHanbHb!Ji: perHCTp OliOKa 

ne'laTH H llewaljlpapyJOTCSI B c:oOTBeTCTBYJOWYJO AeCSITR'IHYJO ualjlpy. B cneAyiOweM 

llHKlle YMH0)1{9HH!I Ha 0,1010 MHO)I{HTCSI T01lbKO m -pa3pS!JlHblll OCTSTOK, 
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3Ta onepa••• x' nponenbiBSeTCSI CTOm.JtO paa, c~~:om.xo necsrra'IBbiX ualjJp 'IKc.-

na H 
0 

OTbiCKHBaeTCll. B alianaaaTope rapMOIIIIlt H 
0 

nonyqaeTCH a BJI.Qe 6-paapHA-

aoro necHTH'IHoro qacna. 

8bi6op BSpHSHTS a). llPH COCTSBn9DR upQrp8MMbl C'I9T8 H o OAH03HS'IBO oupene

nan 11 nocTpoeHHe uporpaMMbl Bbi'IHCileiiRH ~~:os4M!IHIIReiiToB cllypbe A t • B t • Caa-

'18118 nony'IJIJOTCII 3HS'IeHHII cyMM: 

H • cosk•_!_•l+ H 2• cos k • .!-. 2 + •••• HA • cos k • ...!!... • A 
I y y y 

(7) 

H1 ·slnk·..!..·l + H2 • sink • _!_. 2 + •••• HA • sin k·..!.. • A • y y y (8) 

B 38T9M 9TH CyMMbl yMHOlKSIOTCII HS 1/ Y • Hoablx cjlaxTopoa, MorywRX •waaaTiio 

nepenonaea11e paapHAaoA CeTKH MSIIlHHbl npa nonyqeaBa cyMM (7) a (8) DO cpaaae-
2v ~ 

HHIO c :r H A , aeT. HanpOTHB, YMHOlKeHHe KSJKAoro 3R8'19BHSI H A sa aena'IR-
A=l 

ay, MeHbWYIO eJUIHHUbi, a TSK>Ke 

WHTb aenH'IHHbl CYMM (7) H (8) 

aaaxonepeMeaaoe cyMMRpoaaaae 

no cpaaaeaaiO c ¥' H A • 
Am 1 

MOI"yT TOnbKO yMellb-

Bb!'IHCneaae KSK H 0 , TSK H Ak H B k HAeT B MSWHHe DO HSKOnRT911bHOMy 

anropHTMy, B 9TOM cnyqae a4MileKTHBH08 COKpaweaae AnHHbl DporpSMMbl AOCTRI"SeT

CH HCnOilb30aSHHeM M9TOAS DHKI1H'I9CKOI"O ~OpMRpOBBHHa KOMSSA B npouecce Depexo

AS OT UHKnS K UHKilY C'IeTa. TSKOA MeTOA ~OpMRpOBSHHII KOMSHA WRpOKO HCDOnb3Q

BSH npH DOCTpOOHHH nporpaMMbl aSSI1H38TOpa rapMOHHK, cllopMHpOBaBHe soaoA KOMSH

Abl 83 np~AbiAyweA npOH3BOARTCSI nyTeM CllOlK9HHII KOAS upenmecTBYIOIIleA KOMBSAbl 

C BCnOMOI"STenbBbiM KOAOM, B peayllbTaTe '19I"O MOI"YT H3M9SRTbCSI DPH aeo6XOAR

MOCTH na6o Kon onepauaa, n&6o nepab!A an& aTopol! anp.ec, na6o see Tpa napaMeTpa 

KOMaHnbl. 

AMnnaTyna rapMOBHKH nocne OTbiCKasaH Koa~auaeaToB cllypbe A t R 8 t sa

xonaTca no ~OpMyne (2), .Qn11 TOI"O 'IT06bl nony'IRTb aanaaayiO TO'IHOCTb Bbi'IHCneHBA, 

BO:!Iaeneaae B .ltBanpaT m - pa3pllnHbiX KOAOB A k H 8 t npOR3BOARTCSI C COXpalle-

HReM 2m pa3pHAOa B npOR3aeneHHR DpR noMOIIlR onacasaoll Bb!We onepaiUIR X 

CyMMS (A
2
k + 8:) TSKlKe nony'IS9TCII 2m -pa3p!IASOA (c HCnOnb30BSHBeM onepa

UHii +' H + • ), 

11aane'I9BH9 KBSApSTBOI"O KOpBSI 83 2m -pa3p!IAHOA CyMMbl (A= + 8 = 
/9/ 

peanaayeTCII B MaWBBe 'mKOnbHb!M' M&TOAOM , npa KOTopOM ahi'IBCI18889 ltOpSSI 

12 
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p8CCMSTpHB89TCII KSK OAHS onepaUHH. 3TO n03B00119T COKpSTHTb 06'beM n3Y Ha Be

nH'IHHY nporpaMMbi, noTpe6oaaawel!ca 6bi npa H3aneqeaua KOpHH nporpaMMSbiM cno

co6oM. KpoMe TOI"O npH HCnOilb30B8-BHH 9TOI"O MeTOAS SeT Be06XOAHMOCTH a upo

necce H3Bne'leHHIJ KOpHII onepapoaaTb nenHKOM C 2m -pB3PHAHbiM n(lA&OpeBHbiM Bbl-

pa>KeaaeM. 

CyTb MeTOAS nonllOCTblO COBnanaeT CO 'WKOilbHb!M' Cnoco60M H3Bneqesag KaSA· 

pSTHOI"O KOpHII B neCHTH'IHOJ! CHCTeMe C'IHCneSRH. .QaOH'IHbll! KOn 'IHCna, 83 KOTOpOI"O 

H3aneKaeTca KopeHb, pa36aaaeTca as napbt pa3panoa, aaqaaaa co cTapwero. Onpe

nenHeTca nepaaa ua~pa Kopag KaK saa6onbmal! B03MOlKSbll! xopeab H3 nepaoA napbl 

.(cTapmax) p83pHAOa, B AaOH'IBOA CHCTeMe C'IHCneHHII npo6Hble IIH~pbl KOpKa MOI"YT 

6b!Tb TOilbKO '0' HllH '1', 3TS UH~pa 3STeM B03BOAHTCa B KaanpaT H Bbi'IHTSeTCa 

83 napbl CTapWHX pa3pHAOa, K nonyqaameMyca OCTSTKY npHnHCbiaSeTCSI cnenyiO

IIlaa napa u~p nonKopeaaoro abtpa>KeHRa a onpenenSJeTCH O'Iepenaag na<!>pa xopa11. 

.Qn51 9TOI"O aallneBHSII paaee 'ISCTb KOpHII YJlBSHaaeTCa H K Hell npanHCbiaaeTCa 

cneAyiOmaSJ npo6aaa na<!>pa li 1 , Taxa a, 'IT06bt nonyqeaaoe qacno, yMso>Kessoe sa 

x1 , 6blnO M9Hblll9 OCTSTita, SO MSKCHMSilbHO npH6J;!HlKSnOCb K ero 3HS'I9HHIO, TaKaH 

DOCtt9Jl0BST91lbHOCTb nel!CTBHJ! nOBTOp!IeTca UHKn 38 UHKROM )10 T9X nop, noKa He 

6ynYT acqepnasbl ace napbl pa3pznoa nonKopeaaoro qacna • .Una nonyqeaaa peayllb· 

TBTB C TO'IHOCTblO no enHHRUbl m -ro pa3p51Jl8 nonxopesaoe BblpSlKeHHe )lOnlKHO 

HMeTb 2m naoR'IHbiX pa3panoa. PaccMaTpaaeMbiJ! MeTon YA06es TeM, 'ITO a Dp,o-

necce c'IeTa seT seo6xonaMOCTH xpaHHTb a AY ace 2m pa3pHAOB nonxopesaoro 

ablpS>KeHRa. Csaqana onepauua npOH3aO)lHTCa TOilbKO C m CTSplllRMH pa3pSIASMH 

nO)lKOpeHHOI"O Bblp8lK9HHIJ, B 38T9M, KOrns ORB 6ynyT HC'Iepnasbl, 'lepe3 m/, 2 

TSKTOB H3Bneqesaa xopsg, B 'ocao6onaawail:cg• peracTp AY c~HTbiBSIOTCa m 

Mnanmax pa3p!IAOB noAKopeasoro Bblpa>Kesaa R oneplllUUI np.onon>KBeTCa. TaxaM o6-

pa3oM, se yaena'laaaa pa3pHAHOCTH AY a 3Y, Mo>Kso a3ane'lb xopesb H3 2m -paa

pSIAaoro qacna c TO'IHOCTbiO no enasaubl Mnanwero m -ro pa3pana. npacnoco6nesae 

AY, pa3pa6oTaaaoro una Bblnonaesag pasee nepe'IHcrreHRbiX o~au~. a nng pea

na3SUHH onepaUHH H3Bne'IeHH51 KOpHII He nOTpe60BSI10 cymeCTB9HH~X A06SBI19HHA 

K ero cxeMe. 

Ha'ISilbHSIJ <!>a3a I"SpMOHBK cp k Bbi'IHCnSieTca B MSWBHe no <i>opMyne 
A o 

06oat~a'IBM _k_ "' x • nocxonbKY 
Bk 

<Pot~ arctg x"' sl"' x • aretg I xI 

13 

(2 ). 

(10) 



TO ee 3Ha'!eap:e MOlKHO nony'!aTb B ABS aTana. Caa'!ana Bbl'IHCnHTb arc tg I x I , 8 

KS8.Qp8HT, B KOTOpOM H8XOAHTCSI OTbl·CKHBS.eMoe 3118'1811118 rp ok 1 OnpeAanSITb C n~ 

MOIIU>IO cnenHam;·Ho~ orrepamnr OK ( OIYJielleneaHe KBB.[tpaBTa). npH rroMOIIlH arolt one-

panHH no co'!eTaHHIO 3H8KOB A t H Bt oope.[tensreTCll, B K8KOM KB8.11p8BTe !18Xo-

AHTCll OTbiCKHBaeMoe 3Ha'!eHHe ¢ ot 11 A06asneaBeM K nony'leaaoMy 3Ha'leHHIO I <Potl 
0 0 0 

na6o 0 , na6o :!:.180 , na6o 360 nony'!aeTcsr cjla3a <Pot B rpaAycax B AB&Ra3Q.Be 

·o- 360°. Aaana3 3HaKOB A t a B t MOJKHo 6&Ino 6bl BblnonHBTb a nporpaMMBbiM 

CDOC060M (aTa nporp8MM8 38HBna 6bl 13 KOM8HA), HO OK838nOCb P8llHOH8ni>Bee BBllb<

TB cnenaanbHYIO onepanBIO - OK. 

Heo6XOAHM8ll TO'IHOCTb onpe.[teneHB!I H8'18nbHOli cjla3bl rapMOIIBKB rp COCTSB-
/1/ ok 

nlleT AeCHTble Aona rpaAyca , noaTOMy Ansr annpoKCBMSilBB cjlopMynbl arc tg 1 x 1 
/10/ . 

Bbl6paHa cjlopMyna 

rAe c 0 "! 0,4444 

c 
arctgx:(C

0
+ 

d I + X 2 

dl: 1,6666 . C I : 0, 9259 

) X ' 
( 11) 

nocKonbKY KOScjlcj!H1lB8HT d I > 1 , 8 M8WBH8 He MOlKeT onepBpOB8Tb C 'IHCnOM 

Gon.,Ille e.QBHBllhi, aeo6XOAHMO npoB3BaCTB 

( 11) c 3aMeaoli d 1 Ha di • ~ < 

arc tgx : ( C 
0 + 

Cj 
X 2 d' +r I 

r.~te • c· - cl d' -~ 1--- ; I 2 2 

.QODOnHBT~nbHOe npeo6p830B8HB8 cjlOpMynbl 

Tor.Qa aTo sblpalKeHHe llpBMe'J' BHll: 

) X ' 
( 12) 

KpoMe Toro, nocKonbKY no cj!GpMyne (12) ·Bbl'!HcnsreTcsr 3HS'Ieaae yrna B pa-

.QB8H8X, a Heo6XO.QBMO HM8Tb ero B rpa.[tyCaX, B 9TO Bb!p8JK8HH8 cne.QyeT BB8CTH 

Koacjlcj!H!lHaHT nepeso.Qa yrnos H3 pa.[tll8H B rpaAyCbl k: 0,5729577954 ••• 0 
/p&A. 3Ta 

senH'IHH8 KOScjlcj!HllH8HT8 k onpeAeneaa C y'laTOM DPHHBTOI'O B M8WBHe M8CWT86H

p0B8HH!I 360° - 0,360000. 0KOH'I8T8nbHO: 

r.[te 

(C' + arc tgx • or d'
1 

+ 

C'0 "'k • c0 • 0,025467790, 

c i' - k • c i - 0,026525823 • 

di = 0,833333333 

14 

) X ' ( 13) 

$opMyna (13) .[{8eT B03MO.BOCTb nony'IHTb 4 sap~ .[{8CliTH'IBbiX 3H8'18111HX 

nacjlpbl B senB'IBHe arc tg x Tan&Ko JJPH ycnosHII, 'ITO I x I < ..{"'i- 1 • B paccMaT-

oo 0 < 
paBSeMOt,t cny'!ae < </>0t < 360, cneAOBaTeru..ao, 0< I xi< .. a Anll BCDOn&3osaRH!I 

aToll cjlopMynbl aeo6xo-AaMo npeo6pa30B8Tb apryMeBT I x I K 3Ha'laHHIO, He npesbl-

W8JOllleMy 0,414. B Ka'leCTse nepsoro Ill8ra aeo6xoAIIMO sseCTH npeABSPHTeru..aoe 

cpasaeHBe MOAyneli I At I , I B t I H AeneRBe MeHbwero B3 HHX sa 6oru..wee. Tor

As, ecna I ~~ < I Bt I , TO I x I < 1 H Bhi'IHcneaae seAeTCll OObl'IHbiM cnoco6oM. npa 

I A. I > I B. I H coo-TseTCTBaBHo I x I > 1 Bbl'!BcnsreTcsr arc tg I x I , rAe I x I• ...l. < 1 
• • 1 1 I xl ' 

a nony'!eHHblli pe3ynbTaT npeo6paayeTCll no cjlopMyne 

arc tg I x I • T - arc tg I x1 I • ( 14) 

Llnsr I ~1-1 Bk I• T.e. I xI • 1 , I </>0tl •45°. B S'I'OM cny'!ae C'leT HAeT no cnenaanb· 

HOlt nporpaMMe H 3!18'18HH8 mot onpeAen~Cll HOMepOM KB8llp8HT8, nony'I88Mbl~ 

113 8111UIB38 3H8KOB KOacjlcjlanaeHTOB A k B B k • nporpaMM8 C'leTa no cjlopMyne ( 13) 

o6xo.aaTcsr B Tor.aa, Kor.Qa o.aBH B3 KosljxllanaesTOB At •na B k pasea HyniO. B &TOM 
0 0 0 0 

cny'l8e rp 0 t pa»eH 0 t 90 , 180 BnB 270 • .LleliCTBKTeJUaKOe rp 
0 

k Bbl6BpaeTC!I B3 

9THX aenR'IBII ctnepa!lBeli OK. 

B Tex cny'laKx, Kor.aa 0,414 <txl < ', npoB3BOllKTCK cne.QyiOmee npeo6pa3osaaae 

apryMeHTa. l13aecTso, 'ITO 

arc tg x - arc tg y • arc tg x - Y 
1 + xy 

nycTb y • 1, Tor.Qa 

arc tg I x I "' T + arc tg x 2 
(15) 

X • l.!l:::l.. 
2 I xl + 1 

r.Qe TaK KaK B Aaaaoli Mawaae onepanaa MoryT npoB3BOllBTbCll 

TOnbKO C 'IBCnSMB DO MOA~ -Mes:-WHMB 8llBHBilbi, TO y.ao6aee 38DBCaTb: 

2 2 
X 2 • if-----:;:-i= ( 16) 

Llnsr Bbi6paaHoro coo-TaoweHBll MeJK.ay I xI a x 2 3Ha'!eHBe apryMeHTa x 2 scer.aa 

MeHbwe 0,414 npa 0,414 <I xl < 1. TaKBM o6pa30M, Bbi'IBCnHs no cjlopMyne (13) 

arctg x 2 B no.UCT8BBB8I'03118'18HB8B (15), nony'IBM (Anllcny'!Sll 1At1<1Btl ) 
BCKOMbili arc tg 1 x I . EcnH JKe B Ha'lane nporpaMMbl Bhi'IHCneaH!I ¢., k 6&mo onpeAe

neHo, 'ITO I At I > I Btl• TO nony'!essoe 3Ha'leHHe arc tg I xI eme pa3 KoppeKTBpyeTCll 

no ljlopMyne (14). 

15 



norH'IeCKaH CXeMa IIporpaMMbl abi'IHCJieHHll Ha'laJibHOi cjla3bl rapMORHK IIpHae

J:teHa aa pac. 3 .• 

lloc.ne aaOJ:ta a aHaJIH3aTOp rapMOHHK HCXOilHOi H.H«jlopM81lHH a aHile 2v aaaqe-

aall Mar.tiHTRoro IIOJill H A abi'IHC.neaae H 0 H <Pot• HmtMolKeT npoaaaO):lKTCll MHoro

KpaTao a .nro6oll noc.neJ:toaaTeJibROCTH. 

N!N! Yc.noaaoe 
nn 0603Ha'laHHe 

one.ru!!UL!!. 

2 

nl.f 

2. + 

3. +' 

4. +' 

Haaaaaae 
onepauaa 

3 

llepeaa'la 
'IRena 

C.noJKeaae 

CnoJKeaae 
MJI811WHX 
pa3pliJ:lOB 
2m -paapllll
aoro 'IRena 

CnoJKeaae 
CTapWIIX 
pa:OpllllOB 
2m -paapliJ:l-
aoro 'IRena 

llPHnO)I(EHHE 

XapaKTepHCTHKa onepanaa 

4 

l.fac.no aa H'leiKH •a• nepeJ:taeTCll a H'lei
KY "a" 

l.fac.na aa gqeeK •a• H •a• Jnre6pBH'IaCKH 
cKnallbiaaroTCll. Peay.nbTaT aanpaB.1IlleTCll a 
ll'lel!:Ky •a• 

l.facna aa ll'leeK •a• H •a• anre6paH'IeCKH 
CKna):lblBaiOTCll. llepeROC H3 CTapmero paa
pliJ:la B 3HaKOabli pa3pliJ:l aanOMHHaeTCll Ra 
T'3 (aanoMaaarowall Tparrep). Ueiib IIHKnH

qecKoro nepeaoca 6noKapyeTcll. 3aaK pe
ayn&TaTa ycTaaaenaaaeTCll a •o•. K pe
aynbTaTy npa6aanlleTCll eaaaaua, ecna T: 

( 3aiiOMHRa!OWHi TpHrrep) HBXOilHTCll a ellH
HH'IHOM COCTOliHHH. Peay.1IbT8T RanpaBJilleT
Cll B SI'IaiKy •a• 

l.facna aa gqeeK • a • H • a • anre6pa&'leCKH 
CKJiaJ:tblaaiDTCll. llHKJIH'I9CKHA nepeHOC H3 
aaaKoaoro paapliJ:la aanOMHHaeTCll aa T : 
(aanoMHRaromall TpHrrep). K 

1
peaynbTaTy 

npa6aBJilleTcll '1', ecna T HaXOJ:tHTCll 
a 9llKHH'IHOM COCTOIIHHH. pe:fy.1IbTaT H8-

---------------------.....!II~p~a!i!.Sa~n!,!H!,!ea,;T~CH_ a $1'1eAu • a• 
Y CJIOaHbli 0nepaUHll abiiiDnHSiaTCll B llBe KOMaHllbl 
nepexoll 

16 

5 

6. 

7 

8 

9. 

10. 

11. 

2 s 4 

1-1 • 

1<1 

1•1 

X 

x• 

x' 

llepaall ltOMaHlla 
ycnoaaoro nepe
XOll8 

BTopall KOM8Hlla 
ycnoaaoro nepe
XOlla 

BTopas KOMaHJ:ta 
ycnoaaoro nepe
XOll8 

Lleneaae 

YMHOJKeaae 

YMHOJKeHHe 'lacen 
C aanOMHHaHBeM 
OCTaTKa a CyM
MaTOpe 

YMHOJKeaae 'IBCen 
c nocnellyromaM 
II0ll'b9MOM KnSBB
WH ne'laTaromell 
MSWBHKH 

17 

l.facna aa ll'leeit •a• H •a• cpaaHBBBIOTCII 
no a6conroTaoll: aenH'IHRe. Ecna ucno B 
H'lelhce • a• 60.1Ibme TJacna a H'leAKe •a•, 
TO 3H8K pa3HOCTB nonOlKIIT8.1IbHbli!:, II H806o
p.OT. Peay.1IbTsT cpaaHeaas OCT8eTC51 a cyM
MaTope 

Ecna 3HaK paaaocTa a nepaoll KOMaHlle yc
noaaoro nepexolla 6hln OTpanaTenea, ynp~a
neaae nepellaeTCll cnellyromell no aoMepy 
KOMaHlle, ecna nonOlKHT9.1IbHbll!:, TO KOMS~e, 
HOMep KOTOpOI!: yKa38H BO aTOpOM 8llpece 

AaanaaapyeTCSI KOll, R8XOllSIIIIHI!:C!I a CYMM8-
TOpe nocne nepaol!: KOM8Hllbl ycnoaaoro nepe
XOlla. Ecna aTo KOll ayns, To ynpaaneaae 
nepe.ll89TCII KOMaHlle, HOMap KOTOpOI!: yK838H 
ao BTOpOM 8llpece, ecnH KOll He paaeR HynD, 
TO ablnonaseTcs cnellyromas no aoMepy Ko
MaHlla 

l.facrio H3 11'191!:KH •a• ):lenHTCll Ha 'IHC.1IO H3 
!l'lei!:KH •a•. l.facTaoe oKpyrnlleTCH. Peaynb
T8T 38DHCblaaeTC!I a Sl'lei!:Ky •a• (no aTOpo
My 8llpecy) 

l.facna H3 51'199It •a• H 'a' UepeMHOlKaiDTCH. 
PeaynbTsT OKpyrn!leTCll a aanacblaaeTcll 
B !l'lel!:xy • a• 

l.facna aa l!'leex •a• a •a• nepeMHO~IOT
Cll. llony'18eTCll 2m -pa3pll):lHOe npOH3B9lle
HBe. CTapmBe 111. -paapll):loa npoaaaelleHBH 
381IBCbiBBIDTCll a ll'leiKy ·~·. m -pa3pliJ:lHbll!: 
OCTSTOK COXp8Hli9TCll a CyMMSTOpe H BCIIOJib-
3Y9TCll npa BhlnonHeHHB CJieJ:tyromeit KOMSH
llbl 

l.facna aa l!'leeK • a• H •a• nepeMHOlKaiDTCH. 
l.feTblpe cTapmax paapliJ:la npoaaBelleHBll 
nepeJ:t8IDTCll B ycTpOI!:CTaO BblaOlla, r):le OHH 
ll9WH~B:pyiDTCll B ll9C!ITB'IHYID IIH~py C 
1101l'b91\IDM COOTBeTCTBy!Omeit KnaaHmB 
II9'18T810Wel!: MSWBHKH 
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2 3 

12 ..,;- ·11aane'leHRe KOpHSI 

13 OK OnpeAeneaae Kaall
paaTa 

14 +'" npacaoeaae 3H8K8 
'IHCny 

15 ne'l. ne'I8Tb 

16 OcT. 0cTaHOa 

18 

4 

11aaneKaeTcli! ~~:ope a& aa 2m -paapsr.aaoro 
'lacna, cTapi.Ulle m -paapsr.aoa xOToporo 
Xp8Hl1TCS! a gqel!Ke • a•, Mnal{WIIe - B B'leli
Ke •a•. Peayn&TaT nony'laeTCli! m-paapsr.a
Hbill 11 OTnpaanSieTCSI sa xpaaeaae a gqeli
Ky •a• 

AaanaaapyroTCll aHaKH queen a gqeAKax 
•a• H •a•. B aaaHCHMOCTH OT KOM6HH811HH 
9THX 3HaKOa a p U YCTaH8BliHB8eTCS! e:aOH'r 
Hb!l! KOll Kaal{p8H1'a B rpallyCaX: '180 •, 
!.180°' HnH '360°', KOTopb!l!, CKnallblaalJCb 
c aenH'IHHoll yrna, nony'laeMoll no $opMyne 

A 
¢=arc tg + , AaeT peayn&TaT, aana

k 
Cb!B89Mb!l! B Sl'leii:Ky 'a'· 

qacny, 38UHC8HHOMY no aTOPOMY 8llpecy 
a gqel!Ke 'a', npacaaaaaeTClJ 3H8K a 38-
aHCHMOCTH OT 3H8K8 'IHCen a gqel!KaX 
•a• H •a•. B cnyqae npacaoeHHll OTpana
Ten&aoro aaaKa npoacxoAHT npeo6paaoaa
aae KOlla qacna Ha o6paTHb!ll: 

npoacxoAHT cpa6aTblaaaae coneaoana 
'BoaapaT KapeTKH' a ne'laTaromell: Mamaa
Ke, KOTopall TaKHM o6pa3oM noAroT&ana
aaeTcll K npaeMY H ne'laTH aoaoro 6-paa
pSIAHoro AeCSITH'IHoro ·qacna 

npe~~:pa•aeTCB UOCTynneHHe T8KTOBb!X 
HMUyllbCOB a U9llH M8WHHbl 

~-·--·-=· =.::;:._..:.._____c __ _.= ____ _ 

A.Q)ec 
J:OII&JI.lll 

I 

K+I 

+2 

+3 
+4 

+5 

+6 

+7 

+8 

+9 

+I2 

+13 

+14 

+15 

+16 
+17 

+20 
+21 

DPHIOIEHIE n 

KO.l fiep8111 Bropol npuev.••• ODipaull QP8C a,lpec 

2 3 .. 5 

DporpaMX& oo.lroro••• .a..BM • paoore 

nq a I l 2 Oucua •••b• ~ 
nq a I r O.•cua ...... l, 
IN ~I ... &+2~ Boc .. aaoaoooae epoOia .... aoro 

IN a,. ••· 1• 20 Co,lepa .. oro Ree& 103Y~K+20 
•lfK+2I. 

Oc'f. 0c'f&BOI 

Dporp&KM& oepeBO.l& ••ce~ •s .ltc•r••aol 
c•creMY • .lBo••JYm 

nq ~ n. K+I2 BOCC'f&BOB~tB•e •cXO,lBOrO COC• 

roaa•• aqeb• IOSY #K+I2 

IN BI /:.' x' ~ }I 
X a I It 
+ .2 }f 
+ I! K+I2 topopoaa .. e J:OII&JI.lll NK+12 

+ as ~L 
I- 11 a,. l!} Yc~oaawl nepexO.l 

1<1 
IN a I !; Oucr&a Jlt~~ 

IN a5 . 
J c1 . 
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I 2 3 4 5 I 2 3 4 5 

+22 + I! K+20 topiUipOB&Hie KOII8.B,lHA/K+20 +20 x' a8 I 

+2.:3 + fi K+2I ~OpllllpOBaHie XOIIAH,lH f/ K1-2I +21 + ag 11J 
+24 + 83 

l.2r 

+22 1-1, fo al J Yc•oaHYI nepexol 
+25 nq l +23 /('/ ,, •20 

+26 Ocr. OcraHOB +24 nq 
al l 

+25 De•, 
DporpaMMa cqera cpelH8ro no•• Ho 

+26 Ocr. OctaHOB 

m +I IN 81 X ()q1crxa aqetfxH X 
Dpor~ C'18T8 E09tt1QK8HTOB fYp•e ... I B, 

+2 IN Hs ... /If +8 ~ Boccruoueaae ac•••••ro aoc-
+3 nq Hr sq. K+21 TOIIHIIII 111188& 1103Y /( 111 +8, $ +I IN a! ~ ()q1crxa aq8IKK ~ 
+4 nq H4 1111• K+20 * K+2I, tl K+20. 

+2 nq al t4 Qq•crxa 11'181x• ~ 
+5 nq al ff O'tlxcrxa 11'181KH~ +3 nq a! X OqBCTKA 11'181&1 X 

+8 nq ci r +4 nq a I jt._ Qq•cr1a atelu /J.. 
I 0 +9 + X H~On18BKe KJ~m•x paspalOI +5 nq a1 K+21 ~ Boccraooueaae acxplRoro f: 1(, B 1111ebe x. +6 nq H4 K+20 COl8pax.oro 1111eex 1103YAfK+2I, 
II ).r:.l 

Ha 
$ +II "K+20, N ~+II, f( S;22. +49 + al J~ ~···· ............... +7 nq 

~ B aqel&e~1 +8 nq Hs $ +22 

it ... ltt+8 
•I 

+II + ~Opllxp0B8HI8 KOilUl)( N,. +8 +II nq c1 ~ 
+12 + 

Pft•:;-. ~ _} 
+I2 IN 

ad 2r +!.3 1•/J +!.3 X Yc•osaYI nepexol ;' +14 1<1 f( +8 +14 
, 

1 Dpacsoea•e saaxa co~epaKMoro + 
+15 nq tr ~ 811• [' co.~tepaooiiY aq.l 

~ +16 X 87 ~ +15 
I 0 Ha~•ea•e Ml~••x paspalO~ + 

+17 x' 
~ ~~ 

~r ~ f!dk;·) B aq. 3 Y11&a8ue •r12r• Ha .1; 14 II 1 JK' +18 X ~ :f +16 + X -OUI8HK8 Ctap•KX p83pii~OB 
.t.V - Z7h · /inK?. A 8 ~~'~• X +19 IN 86 JL tJs./ ~ v-

~ 
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'" 

I 2 3 4 5 • I 2 3 4 5 
I q; +!7 

I + a! Dporp&MM& a.era a.na8rJJM K-ol rapMOBIKB 
+!8 /' a! X J.r ~ +19 /l /IS+II top .. poaa .. e JtOII8JIJM K p +U. 

IN 

l~ + I { r +2 X OoJiy'lt&8e 2 I7Z -pa3pa..aoro 
+22 oq Cr X np0B3BI.l8BU 'x·~ • '._2 +3 
+2.3 X t; F ~ +4 oq If +24 IN aro 

11 
AI ~pa30B&IIB8 I 811. f' MOJlYU +5 + al 

+25 II r + 0p8C~BB8 388&& COJllpZKMoro or oepaoaa~•aoro coJtep ... oro 

811. COJllpDMOIIJ' Rel srol neb8. 
I f' tlr x" }~ l! +26 + +6 00RY111B88 2A7 -paap&JtHOrO npo-
II 

l. ~~ 
83BI.l8888 BK.Bit • BK2 +27 + +7 X a! r 

+28 ./ tlv I J.L f' llO.Q'1188B8 2 hf •p&3p8,lBOI CJIOIH + 
~ 

+8 + 

+29 n 
a! }r. 

II 

1 1rr ('x2 + BK2 ) + +9 + 

+30 + /L N~ +22 iopopOB&BKI ltOK&BJlll /( $ + 22 +!0 r laareqeBKe x~raoro sopaa 83 

+3! + aa /.11 
2111 -paapa,poro M~puea•a ('x2 + 

+32 1-1, PB"2r' /:] 
+BK2 ) c ro11aocr .. 7.0 l'fi, paap.BM 

+33 I< I II +ll 
YcJioaawl nepexo.l 

~ HI 
X ~ • llporp&MM& c•era aa11&.~~•aol ~311 K-ol rapBOBKKB 

+34 + llpBCBOIBBI 3Balta CO.llp&BBOrO 
&'leX CO.llpDIIOIIJ' aq.~ a+ I IN al X 

+35 XN (;-' X 
+2 1-1, al 

f.2J 
YcJIOB&III oep~ 8& nposepsy 

+36 X 0 ~ 
+3 1•1 paaeacraa ·~ • 0 

+37 II )1 Dp8CB08RBI 3B&Jta COJllp ... oro 
+4 1-1, rl, ~ Yc••sBYI oepexo.l aa npoaepxy 

+ 
aq~ CO.llp ... OBJ aq.Q) +5 1•1 KIJ +32 paaeacrsa/Ax/•/Bx/ 

+38 x' (} 

~ 
+6 1-1, ~ tfvJ Yc••aalll nepexo.l aa npoaepsy 

+39 X 0 +7 I< I IV{/ +10 aepaseacrsa I '*-I < r 

~ l: +8 nq 
+9 . . 
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I 2· 3 4 5 
,_ 

I 2 3 4 5 

;;; N'~ t-Il' J Yc•o•nl aepezOJ 

+35 + 
a~ 

X +10 I•'J 
+36 (I( dr +II I< I 

flj +37 
Ill 

al X Odpa30a&BI8 B aq.X KO~na OT + +12 nq 1 ntpao•a~ar••oro co~epzaKoro 

~ arol Jl'ltiKI. +1.3 . 

7 
. 

+14 HI 
QGpa30BaBI8 B aq•i' KO~·· DporpaKKa nepeBo~a aKDAKTYAY • aaqan~aol ta3Y + •r 
or nepsoaaqan•aor co~epZBKoro K-ol rapKOBKKK 13 ~BOKqaoro Ko~a B ~ecarMqawl 
arol aqeiJC• 

B BilBO~ aa neqan +15 nq l I.JJ 
lv +16 I•'J an Nl~ Yc~OBBYI nepexo~ aa npoBepKy C+I + X 

aepaaeacr~ !:7''~0,414 nq H5 IIC+6 Boccraaoanea•e nepaoaaqa~~aoro +17 /'4:;../ +2 
co~epKKMoro JlqelK• M03YA'C+6. +18 X a7 ~x~ + 3 nq 818 8~ tl9 nq 

J:I2 +4 nq a6 '? 
+20 + X +6 x' a a r 
+21 + ~ A1; +7 + &g 

N~6~ +22 • X 

~ +8 1-1, t 
. 

1: Ycnoaawl oepexo~ +2) II"l +9 I <:1 
F' +2'f. X X +IO Deq. 

+25 X a., X + II + fi NC+6 
+26 + al.J X +12 + a9 

~~ +27 . al4 X +IJ 1-1, t~ 
• 

YCROBBYI nepexo~ +28 + a15 X +14 I< I If C+4 
+29 X 

!.~ 
X +15 Ocr. Ocraaoa. 

+30 1-1; wlaa] Yc•oaawl nepexo~ aa npoaepxy 
+31 I<\ I aepaseacraa 1 ~ 1 ~ 0,414 

+32 + a16 X 
+33 1-;, ~ #~6) Yc•oaawl nepexo~ sa npoaepxy 
+34 1<1 aepaaeacraa /Ax/ ~IBxl 

~ 
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