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Bseo~~e11ae 

fipB Ollp8,118B8JIBB IBII8MATB:'I8CJO[X napaWeTpOB TpeiOB B ny3hlpwtOBhiX XaNepax BeofiXo

UWO 7'1e<:Tio OmBt5][B1 BJIOCJ(Nhl8 118TO'UIOC'!'I.JO B3W8peDS1 B BOCC'l'&IIOBU811BSI UpoCTp&BC'I'Bell

llhiX :1:00p.IIBBA'I'1 JleoMOPO.IIIIOC'l'loJO WArDTBOro JIOBSI B XaNepe, ltyuOBOBCXRN paCC8BBR8N R 

JIOTepSIIIIQf 8118priiB 11a BOD38JIIIJO, a liaR M8ITpo11RhiX B n03BTpoiiRhiX 'l'p8ltOB1 ltpoMe TOr01 

R nOTepBWR 8JieprRK BA TOpW031108 Jl3.11y'I8De. 8 lly3hiPioltOBhiX lt&Nepax C T.lllKBIIJIIWR lKR.II:I:' ;

TJIWR lleot5XO.IIBWO Jlp8lltll8 BCer0 )"18CTio :l:yBOIIOBCX08 p8CC8.RIIR8 B TOpM03B08 R3lly'I8D80 

BIIOCRIIUI8 rn&BIIhlil BltBA.II B BCX&lK8DII Jlap&M8TpoB TpeltOBo 

.au xoppe.:TIIoro Y'leTa xynolloacxoro paccesroa Mhl acnon:&aoBanB npa noo~~rone Tpe

.:a noo~~ 8DllpoXCBNBpYJOmYJO XpBBYIO MBTO.II BaRM8111omBX XB&,IIp&TOB1 B XOTOpoM MBIIRMB3BpYeT'-
/2/ 

c11 ljlyiiXJIBOIIM c waTplllleA xynoaoscxor~ pacceaau • Bseo~~eBRe Taxoro cjlyBxUBoBana noa-

BOaaeT BepiiO Ollp8,118nRTio XRB8MaTB'I8C][R napaweTphl '18CTIIIlhl R RX OmJit5XR Benocpe.IICTBeii

RO B TO'IX8 B38BMOil8ilCTBBR1 'ITO B8C&Na Cym&CTB811RO llBR ][IIJ18MaTR'I8CXOro 8BlUIJI38 BC8ro 

co6hiTBII B nenoM. TopMoalloe aany'leoe snexTpolloB R noaaTpoBoB y'IRThiBaeTcll B npor

pawwe nO,IIl"OIIXOit TpeXa non XpRBYIO C nepeW&JIIIhiM PBilHYCOM XpRBR3Jihlo 

HCJtoNhiMB ][RRewaTB'IecxaMH napaNeTpaMR TpeJta RBnBJOTCH ero ~~:pasaaaa K B TO'IXe 

B3AJDCO.IIeitcTBRH, aawwyTaaJollhlil yron fj B nnocxocTB XY ,, nepneii.IIBXynapaolt aanpaane

DJO MArDTROro noaa, R T&Br8JIC yrna Baxnoaa tga Tp8X8 X JlnOCXOCTB XY , 8 T8XlK8 

IX MaTplllla oma6ox. .Qna nepBR'IIIOro Tp8X8 ( Y XOTOporo TO'IX8 B38RMOil8ilCTBRJI liBBSieTCH 

JIOCB8.11118it TO'IXOil Tpelta) llOnOnBRTQaloJIO Bhi'IRCIIRIOTCR B8llp8Bnll10m118 XOCHBYChl B nepBOI 

fiocxonJoXy B nporpaMMe acnonb3yeTCR cjlyaxnaoaan c MaTpaneA MaoroxpaTaoro pac

ce&oH, 38BRCHmel OT MACChi '18CTIIIlhl1 nporpaMM8 npoC'IHTb1Ba8T p83nH'IBbl8 rRUOTQ~bl B 

aaBRCHMOCTB OT npHCBOeRBOro Tpexy npB npenBapHTen&aol o6pa6oTXe npaaaaxa: 

a) 
x/ 2 

npH3BaX aaexTpoaa mo 0,5 Msa/c , 

6) npoTo-'a 
2 

(I) 11pJI3118K mo 988 Msa/c , 

B) npRaBax tr -M830B8 mo 140 Maa/c
2

• 

x/B nan&BelmeM TepMHII 'noaaTpoa' ae ynoTpe6naeTCR1 Bee cxaaa1111oe o6 anexTpo

aax, OTBOCHTCII H X JI03HTpGB8M. 

8 



EcnH y Tpexa oTCyTcTByeT np11aaax, TO oTpJIIlaTen&aas 'l8CTIIIla cqaTaeTCB " -

M830HOM
1 

a nonoJKBT8n&HaSI oflcqBTbiB88TCB DO .IIBYM ranoTe3aM: DpoTOHHOll II lr -Me30H-

KOA. B .nan&HellmeM B qacno oflcqaTbiBa&MbiX ruoTea MOlK&T 15b1Tb sxmoqea 1: ± -MeaoH. 

Bbi'IBCn&HHB, npoH3BO.IIBMb18 B § 1 - § 2}HBnliJOTCSI ol5miiMH xax .nns qacTan, ae HCDbi

TbiBaJOIIIBX TOpMoaaoro aanyqeHBSI, Tax a .linK snexTpoHos. nocne •• § 2 nporpaMNa no.n

paa.nenSieTCB aa .nsa 15.noxa, a HM&HHCii ecna y Tpexa oTcyTCTBYeT npllaHax snexTpoaa,, .. ero 

npoexnau Ha nnocxocT& z • 0 no.nroaSieTCSI no.n oxpylKBOCT&, ecna JKe Tpelt caal5lKea npaa-

HaxoM anexTpoHa - ero npoel[JIIIB no.nroaSieTCSI no.n xpaay10 c nepeMeKRbiM pa.naycoM xpaa11a-

Rble 

Q 1. Hynesoe np111511HlK&HIIe 

B nnocxocTB XY DpOB3BO.IIIITCB npeoflpaaOBaHB& CBCT8Mbl KOOp.QBHaT X 'Y' ( B XO-

TOpOl! aa.naabl npocTpaHCTBeHHbi& XOOp.IIBRaTbl TOq&J:: Tp8K81 HaA.II&HHbi& nporpaMMOll BOCCTa
'/ 1/ 

aoaneaau), Tax qTot5bi oc& X aoBOll cacT&Mbl xoop.naaaT npoxo.nana oT nepsoll TOq](H Tpexa 

x'1 , Y; ' z's ) x nocne.naell ( ·~ ' y~ z D ) ; 

x • (x'
1

- x'
1 

)coa<j{l + <r; -r;)sin <;6 , 
(2) 

y- <r;- r;>coa<j{l- (x'l -·~)am <;II. 

r.ne 
2 2 -K 2 2 ·K 

Sln<j{l•(y'0 -y~)[{x~-x~) +(y~-rl> l ,coa<j{l•(x~-><t){(x'0 -xl) +(y~-y;> l • 

lJ:epe3 TOql[H Tp&lta C Koop.IIHHaTaMR x
1 

,yl M&TO.QOM HaBM8RioWRX KBa.QpaTOB DpoBO.IIRT-

CH OltPYlKBOCTio
1 

ypaBR&HH& KOTOpOll .QnB Kei50n&WRX .nnaH TpeKOB ( f ~ R ) MOJKBO npe.n-

/3/ 
CTaBIITio B BB.II& 

2 2 
Y • • 1 + • 2 x + •a s + •a Y 

CqJITaB a aynesoM npat5nalK&HBH om1161ta B Jtoop.niiHaTax pasaosecHbiMB, nonyqaM: 

2 n 2 2 
X -I(y -a 1 -a 2 x 1 -a 8 x 1 -a 8 y 1 ) 

1•1 I 

(S) 

MRHRMR3allR!I aTOrO (jlyHI[JlROHana CBO.IIRTCB It pemeHRJO CRCT&Mbl nRH&l!HbiX OTROCRT&nhRO 

.I .2 •a ypaaaeaall: 

nocne TOrO, xaX peW&RRB a 1 

ll&HTpa OXpylKKOCTR! 

• 

G lk 8 k - y I • 
(4) 

ypaBR&HRll aal!.Q&Rbl1 BbiqRcnBJOTCSI pa.QRYC R KOOp.IIRRaTbl 

4 

,,~ , .. 'l' 

. ·~_:.· ·.,; 
·") 

'( 

(0) •>"!: R •O-•a 1 a1 +• 1 2aa • 

x<~ •-a1 /2a 1 

(O) l/2aa ' Ye • 

Jlan-, IICXO.QJI 113 (jlopMyn lUUI ISIIBTOBOII nBR1111 

(0) (0) 
x • x 8 + R ooa<j(l 

y (0) + R(O) aiD <;6 • Ye 
(0) 

.(0) + .\ <;6 • . -
(0) 

uA.neN mar .\ n.R'I'Osoll n11111111, .11101 qero qepea TOqJ::II c xoop.nJIU!r'a• 
(0) (0) 

.noN BAIIWeaa.m~~x KBa.QpaTOB npoae.new npHNYJO n11111110 • • • + .\ <;6 • Y1 

TOqxe, oqeaii.IIHO, paaea 
(0) (0) 2 (0) • • 

<t-
1 

• ArcSID(y1 -y
8 

).((x 1 -x
0

) +(y
1 

-y
0 

) ) 

Tor.na TaareHc yrna aaxnoaa Tpexa s ayneBON nplll5naJKeaRa 

tga co~ •.\ COl /R COl 

a RMnyna.c B ayn&BON llpllflnRlK&IIIIR 

p (O) - aoo'B. ll.(O) /coaa (O). 

r.ne no.n ii noaRNa&TCB aHaqeaae MarBIITaoro nonH, ycpe.nHeaaoe no n 

roqxaM Tpexa. 

Ton&xo .nnB nepa•uoro Tpelta Bbi'IBCD!IJOTCB HanpasnBJOmae xocaayc 

Tp&Ka ( B8DOMHRM, qTO aa TOqxy C KOOp.QRHaTaMR x 'I Y; , z ~ np< 

BblflRpaeT B&pWRRy B38BMO.II&l!CTBRB1 KOTOpaB .llnB nepsRqaoro Tpexa BBDI 

·Hell TOqKoll). HanpaBDBJOIIIR8 XOCRHYCbi B CBCT&Me XOOp.IIRBaT XY paBHb 
~ 

r11e 

Sln,S(O) • 

(0) (0) 
•- coaa • co.fj , 

m • - coaa(O) Sln,S(Ol , 

(0) 
n • - Slna 

(0) (0) 
R xo -s.D 

• I 
~ ({x 0 -xI) + (yD 

(0) RCO> 
lJ'.K ; Coa,S • --;:IUJ. • _ 

- yl) ,- IR f- «• 

HanpaBnBJOIIIR& XOCRHYCbi B RCXO.IIROII CRCT&M& lt00p.IIRH8T X'Y' 

ot5paTHblM (jlopMynaN ( 2), 

H8XOliB 
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TC;rTcTsyeT npaaaaJt, TO oTpiiJlaTen&aaa "'&CT.IUla C"'BTae'l'Ca rr -

n&aaa o6c"'BTbiB8&Tcsr: no AI!IYM rano'reaaw: npoTOaaoA a rr -Meaoa-

"'HCIIO OflC"'HTbiB88MbiX r.aJJ:OTe3 MO)KQT 6biT& 8KII10"18B K ± -weaoa. 

asonBMbie s § I - § 2}RBnBIOTcB o6mawa lt8K .11na "'&CTan, ae acnbl

aany"'eaaB, T8K H AnB SJI91tTpoBOB, fiocne JIC& § 2 nporp&MM8 non-

a, 8 HM8HBOC 9CIIH y Tp8K8 OTCyTCTBy&T npH3B8K SJI&It'rpoaa,t ~ 8ro 

z • 0 nonroaBeTCR non oKpy)KaocT~>, ecna JKe Tp8][ caa6JKea npaa

npoeKuaa nonroaBe'l'CR non KpaayiO c nepeweaabiM pa.<~aycow KpB8Ha-

§ 1. Hyne8oe npa6naJKeaae 

npoH3BO.liBTCB npeo6p83088BBe CBCT8Mbl KOOP.liBHa'r X 'Y' ( B KO

T88BBbi9 KoopnBB8Tbl TO"'aK TpaKa, B8Anaaabl9 DporpaMMOA BOCCT8-

'"' X B080A CBCT9Mbl KOOpnBB8T llpoXOAHII8 O'r nepsoi! TO'IJ[H Tp9X8 

IX nocne.<~ael! ( z ~ 
' y~ z·D ) : 

s = (X~ - Z '
1 

) COS c,6 + ( y; -y; ) sin c,6 

y. <r; - r;>cos ¢.- (z~ -s; )a1Dc,6 • 
(2) 

2 2 -li 2 2 ·K r; l[(x~ -z;) +(y~- Yt) ] , cosc,6 •(x~ -;<( )[(x~ -zl) +(y~ -yj) ] 

P.liHaaTaMa z 1 , r 1 MeTo.<~oM aaaMea~oowax KJSanpaTOs nposonR'r-

KoTopol! nna ae6on&wax nnaa Tpexos ( l ~ R ) MO)Kao npen-

2 2 
Y - • 1 + 8 2 :r. + •a x + •a Y • 

)K8BRH OWR6XB B KOOpnRli8T8X p8BB088CBbiMB, nony'IHM: 

2 n 2 2 
)( •I(y -·~-•2xl-•axl-•arl) 1•1 I 

(8) 

BOBana CBO.liRTCB It peweaRIO CRCT9Mbl nRHeABbiX OTBOCRT8n&BO 
rpasaeaall:: 

C lk 8 k • y I (4) 

•• YP8888BRA aall:naabl0 Bbi"'RCIIBIOTCB panayc H KOOPIIRH8'rbl 

4 

• 

1
-. 

!! 

:'.• 
,'{1 
,)~ 

<1 . 

(0) I "1: 
R •0-•• 1•,+• 1 > ll•1 , 

,.<~. -•1 /t. 1 

y~)- 1/2•· . 
(15) 

Danee, BCl:OAsr: aa ciJopM:yn .llml I!IB.aTOsoA 11BJD0: 

(II) (II) 

x • "• + R coa.p , 

y y ~o> + RCO> aiD tf> , 

. -.co> + >..co> c,6 , 

(0) 

BaA.lleN mar A I!IB.aTOJ!IOll IIIIDB, AIIB '18!'0 '18p83 TO'IJ[H C KOOpnBB8T8MII •1 • c,6 1 M8TO-

(O) (0) AOM BaBt.leaa;,mxx KB4AP8TOB llpOBaAaN llpBN:yiO 1111010 z • z + A c,6 • Yron <,6
1 

B K8llll!Oll 
TO'IJ:e, o'lesanao, pasea 

(0) (0) 2 (0) 2 ~ <,6 1 • ArcSID(y1 -y 0 )o((z
1 

-x
0

) +(y
1 

-y
0 

) ) 

Tor11a Taareac :yrna aaxnoaa TpeJ:a s s:yneBOw npa6naJKeaax 

tga CO>- •>t. CO) /R CO) 

a HMII:ynJoc s aynesow upa6naJKeoa 

P co> • soo'ii RCO> /coaa (O), 

rne non ii 
noaawaeTes aaa'l~aae warBBTaoro nons, :ycpenaeaaoe no nepsoa a nocnenaell: 

TO'IKHN TpeJ:a, 

Ton~ooxo .<Ins nep8R'fBoro Tpexa Bbi'IRCnBIOTCB aaupa8nBIOmRe xocaaycbl 8 nepsoa TO"'Ke 
TpeKa ( H8DOMBBN, 'ITO 38 TO'IJ[y C KOOpnHBBTBNR x '

1 y; • z ~ nporpaNNa scerna 
Bbii5apaeT aepwaay saaaNo.lleAcTBRB, XoTopHB nnB nep8R"'aoro Tpexa sanBeTcs ero nocne.<~
aell: To "'itO A), Hanpasmuomae KOCRHyCbl 8 CRCTaNe KOOpnBBaT,. XY PBBHbl: 

r.11e 

(0) 
(O) R 

Sin{!J •-~ 

(0) (0) 
l •- coaa • coaf!J 

m • - coaa (O) Sln{!J(Ol 

(0) 
D • - Slna 

(0) 

x -x ~ R~ - ~ 
o D ; Cosfj •- • y D yo • 

1 2f' 7:IUJ. f 2 li ((xD-xl) +(yn -yl) /R ~ ((xll-xl +(yn-yl) l 

HanpaansiOmae Jtocaaycbl 8 acxonaoll: cacTewe xoopnaaaT X'Y' 

o6paTBb1N «jlopwynaN (2). aaxonRTCB no ~opwynaw, 

5 
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HuoJiell, B 11;rneaoM npatlnBllt8JUIB Bhi'IBCIJJilO'I'CB cneJX:yJOIIIB8 ileitB:'IBJihl: 

r'.ll8 
I 

(1., • 
'!'O'Iex orpexa, 

(11 

• 

X 
I 

X mta ' • --:-y-
(1'Y 

WI • 1 ~ ( (o) (0) o -::r .w • I - 1 _ .\ t/1 )I 
q

1 
1•1 I 

JXBCnepCBB B &OOPAB~T8X B DnOCK~B XY B B I -HX &OOP.IlBJiaTax 

§ 2. HTepanuoaahlft nponecc c MaTpBil&ft xynoaoBCKoro pacc&BIIBB 

B npeJXbiJXyllleM naparpaojle Mhl aamm1 BMB;rllbC P(Ol B 11;rneBOM npa6nBJK&IUIR, Tenepa., 

3.Hall ST:Y BOnB'IBHy, Mbl llOCTpOBM BTeP8JlBO.HBhlft nponecc Bhi'IBCn8JIBSI MaTpiDlbl MBoroxpaT

/2/ 
JIOro pACCOIIBHII H Ollp81X8nBM XHB8MATH'IOCKB8 napaMaTphl Tpexa, MBIUIMH3Hp:ysr ojlyBKUBOBan : 

I 
X I t\y I s lk t\>'k 

l,k 
(6) 

B XOTOpOM t\y 1 no-npelKH8MY 8CTb OT&nOBOIUIO 9KCil8pHM8.HT8nbHhiX T0'18K OT OKp:ylKJIOCTB 

(3), a !IS1k If -MaTpBita B&eoB, xoTOpyiO Mhl onpeJX&nBM HBJKe (npa MBJIBMB381lHR ojlyaxnao-

aana (6) H3 nonHoro 'IRena n T0'18K Tpexa OCTaBnSieTCSI He 6onee 15 II8pBhiX TO'I&X), 

nns sneXTpOBBhiX TpeXOB Mhl orpaRR'IBMCII OIXBBM napBhiM llpH6nBJK8JIB8M0 a IXnB OCTanb

HhiX Tpexos 6;rJXeM npoJXonlK8Tb nponecc JXo Tex.nop, noxa ae o:rJXeT Bhlnonaeao :rcnosae 

0,01 (7) 

(I;) 
rJXe P -aMnyna.c, JISftJXeHRbiii: B v -oft axepanBB, MaxCBMana.Hoe 'IBcno HTepanaft paB-

Ho 4, Ku noxa3biBaeT npaxTRXa, oohi'IHO JXnB Bhlnonaeaall ycnoBIIII (7) Tpe6yeres He 6o11b

me JXB:yx RTepanaft, 

/2/ 
npeJKJXe BC&ro IIO ojlopM:yne, B311TOft H3 paOOThl , H8XOIXHTCH M8TpRII8 MROroxpaTHOrO 

pacceBRHII: I (V-1)~ 
mo +P 1-1 

pCJ.o-1>4 ·I<t1
1 

J•t ,j+J 
)+~t I t ) • l.f+l 1+1,1 1+1,k • 

(1 + 3tl+1,1 )(! + 3t I+ 1, k 

2tl.l+l 2t 1.1+1 
Fit • q • 

rJXe Bepxaaft npe11en CYMMRpOB8HBSI paBeH aaBM8BbWeMy R3 HBJXOXCOB ( i -1) SinK ( k -1}, 

3JXeca. q • 441/6X0 , X 0 - paJXHanBoHaas AnBHa cpeJXhl, I l,k -paCCTOHHRe MeJKJXy I -

-Toll R k -TOft TO'IXaMR0 a m 0 -Macca 'laCTRilhlo IIpHHHM81011laH pa3nR'IHbl8 3Ha'IOHHSI (1) 

B 3aBHCRMOCTR OT 1IpHCBOOHHOro Tpexy 1IpH3H8Xa, 

3aTOM HaXOJXHTCSI MaTpRil8 OWHOOK XOOplXBHaT: 

6 

• 

-1 
8 1t ·Fit + t1

1 
"lk • 'Y 

. I 
rAe 81k -caMBon KpoBexepa, a t1 Y -ARcnepcBs B xoopJXaaaTax B nnoc 

OlllB6ox B3M8p8HRB B BOCCTaHOBn8HRSI DpOCTpaBCTB8BHhiX ltOOpJXBB8T0 KOTOpas 

CSI OIXBIUiltOBOft JXnB BC8X T0'18K TpeKa, MaTpBil8 B8COB S 1k , BXOARIIl8SI B 
-I 

SIBnSieTCSI MaTpBitell, oopaTaoft MaTpBil8 OWB60K XOOpJXB~T S II< , MaRHMI 

sana (6) C M8TpBil811 B8COB Slk , XaX R B H:yn&BOM 1IpB6nBlKeBBB, llpl 

M8 nBH&AHhiX OTBOCBTenbHO I I ypaBH&BHII: ( 4) o B XOTOphiX Tell8pb 

'<' I I 
Gu• I S1t; Gu • I S1txt 1 G18 •.wS 1t(xk +yt l1 G22 •l 

I a '<' I I I 
Gas • I x I S lk (x k + y k ) I G aa • .., (xI + y I ) S lk ( x k + y 

y 1 • IS 1k Yt 
• '<' ~ I 

Yl • Ixl Sit Yt I Ya • .w(x 1 +y 1 )Sik Yt 

nocne pemeRBH ypaBBeBRII (4) C M8TpRI{OII (9) Mhl BMOOM HOBhle 3H8'18HBSI 

-1 
OlllBOOX 9TRX II8paMeTpOB Glt 0 o6paTH)'JO M8TpR!le (9) anre6paR'I8CXOII: Cl 

BBII (4), 3aa'IOJIB8 paJXRyca B XOOplXBBaT ll9BTpa OXpylKBOCTR Bhi'IBCnBIOTCB C 

naM 
(1.? I 1i 

R •0-4a 1 a 1 +a 1 ) /2a 1 

(tJ) 

X 0 • - • 1 /2a 1 

(I;) • l/2a 
1 r. 

HaiiJXeM Tenepb aaxnoa TpeJta x nnocxoCTR XY 

naJKeJIBH0 'lepea TO'IItR Tpexa C XOOPIXRH8TaMR z I t/1 1 

JXBTCSI MOTOIXOM BaHM9BbmRX KB8JXp8TOB llpHMaH nRHRR 

, JXnB 'lero, xax a B 

R MaTpBneft BecOB 

- z (V) + .\(I;)"' 

rJXe 

a 

3JX8Cb 

~ 
u. 

' -1 D It -MaTpRil80 o6paTH8H MaTpRne OlllH60X D It 

n;;;t. Fit +t~: Bit ' 

- 1Ip8JXIlOnaraeMbl8 paBHOBOCBhiMR JXRCil9pCRR . z - biX KOOpJXHH8T 

"'I 
, X8K H B ayneBOM 1IpRonRJK9BRR0 H8XOIXRTCSI no ojlopMyne 

(Y) (1.? I (IJ) I -li 
<1>

1 
• ArcSin(y

1 
-y

0 
)({x 1 -x

0
) +<r

1 
-y 0 )) 

Kax aeTpyJXHO BRIXOTb, 

rJXe 

(Y) -1 -1 
z •A 1 F11 +A1 F 11 

(Y) 

.\ 

7 
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• A 1 F11 +A 1 F 22 



6IDilKeRBB Bbl'tKC.II.HJO'l'C::R cneAYJOIIUI8 Beii:R'tKBI>I: 

2 1 I ( (o) A (0)... )2 
Wo • ~l•l "1 -• - ~~ 

• 
XOOp.!IR.IIIlT8X B DnOCXOCTR XY B B s -I>IX XOOPABB8T8X 

'acceRaBR 

'e Ml>l aamna HMJIYIIbC Pco> B ayneBOM npH6IDilK8BBB. Tenepb, 

liM HTep&niiORJlbllt nponecc BI>I'IHCneBBII M8TpKllhl MBoroxpaT

/2/ 
napaMeTpbi Tpexa, MIIBBMR3HpyR <!JyiDtllBOBan : 

)( 2- l: llyl s lk llyk 
l,k 

(6) 

eCTb OTKnOBeJllfe axcnepHMeBTallbBbiX T0'18X OT oxpy~OCTII 

1 XOTOpyJO Mbl onpeAeiDIM JllflKe ( npH MJlHBMif34Uiflf <jJyBKJllfO

TO'IeX Tpexa OCTaBnSieTCSI He 6onee 15 nepBbiX T0'18K), 

Mbl orpaHH'IBMCSI OAHHM nepBbiM UpH6IIJilKeBH8M1 a lliDI OCTanb

npouecc AO Tex.nop, noxa ae 6yAeT Bblnonaeao ycnos11e 

I PCII) _pcll-1)' 

~ I pCV-1) I - 0,01 (7) 

II s 11 -oil H~epanHB, MaxcHManb.Roe 'IHCno RTepanHII pas

a, o6bi'IHO AnSI BblnonReHRR yCnOBRH (7) Tpe6yeTCR He 60.IIb-

/2/ 
:e, B3RTOII B3 pa60Tbl 1 BaXOAHTCR MaTpBna MRoroxpaTROrO 

1)2 1-1 
a 

' l: ( 11 I+ I 
j•l ' 

0+3tl+t,l Hl+3tl+t,t 

2tl.l+l 211.1+1 

) + 3 l 4 1,1+1 11+1,1 1J+t,k ), 

RRR paseH HaHMeHbWeMy H3 HHAeKCOB (i -1) HIDI ( k -1), 

llRAUHOHRaR ll.IIRHa CpeAb1 1 I l,k -paCCTOSIRHe MelK.!ly I -

m 0 -Macca 'laCTHilbi1 npHBHM810W8ll p83.1IB'IHble 3Ha'leRHll ( 1) 

·o Tpexy npR3Haxa. 

oma6ox xoopARHST: 

6 

• 

rAe 

-I 

stt ·Fit 

BIt -cHMBOn Kpoaexepa, a 
2 

ay 

+ a I Blk • 
y 

-ncnepcBH B xoopABHaTax s nnocxocTR XY R3-<51\ 

omB60X B3M8p8RRH R BOCCTaROB.II8RRR llpOCTpaRCTBeHBI>IX XOOpARRaT, XOTOpaR npeAnonaraeT-

CR OABHaROBOit AnSI BC8X TO'I8X Tp8Xa, MaTpma secoB 5 u. 

RBnReTCR MaTpRJlelt, o6paTHOit MaTpRJl8 omB60X XOOpABJlaT 

, BXOARIIl8R B <jJyRQHOHM ( 6), 
-I 

5 U. , MRRHMR34UBR <!JyHKJlRO-

sana (6) c MaTpmell secos S1t 

Me IDIReARI>IX OTBOCRT8nbRO .I 

1 xax R B RyneBOM npa6nRlKeRBR, npRBOilBT X CBCTe

ypaBHeHRit ( 4), B XOTOpi>IX Tenepb 

G 11 - I s It ; G11 • I SIt "t I Gu•I Slt("t
1 

+r! )I G12• l:"1 Sit "t I 

I a 
G18 • l: "1 Sit (l< t + Yt ) I 

1 2 I I 
G aa • I <" 1 + Y 1 > 5 It<" t + Y t (9) 

Y1 - Islt Yt 
. I 1 a 

Y1 • I"ISitYt I Ya • ("1 +yl )SitYt 

nocne pemeBB.R ypaBH8HBII (4) C MaTpii.Jl81t (9) Mbl BM88M HOBble 3Ha'I8HHR a 1 B MaTpRJly 

omB6ox aTBX napaMeTpos 
-I 

Glt , o6paTHYJO MaTpRJle (9) anre6paH'I8CXOit CBCT8Mbl ypas11e-

BRA (4), 3Ha'leHRe p8AHyCa H XOOpAHIIaT neHTpa oxpylKHOCTH Bbi'IBCnRJOTCR CHOBa no <jJopMy-

naM 
M I It 

R - o-•···· + ·~ > /2• 1 

(II) 

)( o • - "I /2a a 

(II) • 1/2a
3 Yo 

(10) 

HaiiAeM Tenepb HaKnOH Tpexa x nnocxoCTH XY , AnR 'lero, xax R s aynesoM npa6-

.IIRlKeHBH, 'lepe3 TO'IKB Tpexa C KOOpAHIISTaMH z I </> 1 R MaTpRnelt BeCOB 

ARTeR MeTOAoM aaaMeHbmRX xsaApaTOs npHMaH nHHHH z • z CV> + A (II) ¢. 

3A8Cb D It -MaTpRJla, oopaTH8R MaTpHne owa6ox 

Dl~t • Flk +a: Bit ' 

-I 
Dlt 

~ 

Dlt npoBO-

rAe 
2 

a. - npeAnonaraeMbi8 paBHOB8CHbiMB ABCnepCRB Z - biX KOOpAHB8T TO'I8K Tpexa, 

a <l>t 1 K8K H B HyneBOM npa6nHlKeHHH 1 H8XOAHTCll no 

(II) (JI) I 
</>1 • ArcSin(y I -yo )((,.1 _,.o ) +(yl 

<jJopMyne 

(II) 2 -~ 
-y. ) ) 

Kax HeTpyAHO BHAeTb, 

rile 

(II) -1 -1 
z • A 1 F11 + A2 F 11 

(II) ~· 
A • A 1 F11 +A 2 F 21 

7 

_,. 



·~· 

I~ 

F11 •l:D 1k; F11 • l:D 1ktf>k 1 F11 •Itf> 1 Dikt/>k; A1 •ID1k "• ;A2 •Itf>1D1ksk,(l1) 

-1 
a MaTpana II F1• II ecTJ. MaTpana. otSpaTBaR MaTpane lli' lk II . 
TorAa (II) (II) (II) 

tla • .\ /R 

PCV> • SOOBRM /cosa (II) 

nocn8 J:aliUloll 11- 'fOil BT8p8JlBB DpoB8pR8TCB llbiJIOIIII811B8 yCIIOIIBR ( 7) , B 8CIIB OliO 118 

llbUIOIIK8KO BIIB 118 Dpoasomno IIWX0ll8 B3 BT8p8JlBOKIIOro Dpoll8CC8 DO DpB3K8Ky MaJ:CBMallb

aoro 'IIICII8 BT8p8JlBII, TO ll81188TCB Clle.llYJOIII8R BTep8JlBll, KaJ: yJKe OTM8'18110Cb, 8118J:TpoKIIb1e 

Tpen BblXOAliT as aTepalUIOBBoro nponecca nocne nepaoll JKe BTepanaa. 

EcnH YCIIOIIB8 (7) llbiJIOIIIIeiiO BIIB BTep&JlBOIIHblll Dp0118CC 38J:OII'IBIIC.R 110 M8KCHM811h

KOMy 'IBCIIY BTepanBII, TO llbl'IIICIIIIJOTCSI cneAYJOIIIBe KBIIeM&TH'IeCitBe napaMeTpbl: 

1. HaxoARTCll aanpaanBJOIIIBe J:OCBIIYCbl 11 To'ill:e 1138HMOAellcTBHSI, CBa'lana llbi'IHCIIBIOT

Cll Banp&BIIliiOIIIBe ltOCBHYCbl II CBCTeMe ltOOPIIBII8T XY 

rAe 

'(II) (II) 

l • cos a • cosfJ 

(II) 
m ~ coaa 

(II) 
a. • •in a 

•In fJ (II) 

(II) 2 -K (J,I)- K 2 -K 
sln{J ·•2 ·(14a 1 a 1 +a 2 ) ,coa{J •U--4•1 -.> ·U4a1 a1 +• 11 ), 

8 38T8M 118Dp81111liJOIIIBe ltOCBBYCbl II BCXOIIBOII CHCTeMe KOOPAH118T no ¢QpMynaM npeotlp83o-

118BBll0 otlp8TIIb1M ¢QpMynaM ( 2), 

All8110rB'IHO no ¢QpMyii8M npeotlp830BeiiHR~06paTIIb1M ~OpMyii&M (2),B HCXOIIBYIO CHCTe

MY J:OOPABK8T nepeC'IIITbiBaiOTCll ltOOpiiBK8Tbl ll8HTp8 OJ:PYlKBOCTH, 118.11AeHBbl8 no ( 10), 

2. HaxoABTCR M8Tp11Jla omatloK napaMeTpOB K fJ ' a npenBapBTellbllble 

paC'IeTbl JIOJ:838IIB, 'ITO KOppensutHH M8lKl!Y K a a • fJ K a ae senaxa. nosToMy 

(Y'IJITbiBall TO OtlCTORT811bCTBO, 'ITO HX llbi'IBCII8HB9 Tpe6yeT Cp8BIIHT811bBO Maoro M8WRHHO

ro BpeMeD) Mbl DOIIOJKBIIB STB ltOppeiiRilHR p8BIIb1NB llyii!O, T8K 'ITO M8TPH118 OWH60it RM88T 

BBll! 

8 

.. 

3nec& 

.((/U)a 
8~ 
0 

8~ 

(t.{Jl2 

0 
~,.) 

<!JX>ll - I ~K c·' ~K 
l.p a. lp T. 

2 I I p 
(t.{Jl • I lJL G-

1 
.J/!_. 

IP a a IP a a ' 
I p 

I a ' 8~- I __!_c. JP._ 1 
II' a., II' a.P 

2 .. 2 ·1 

<t.a> • ~ Fn 

npoH3110llBW8, BXOllRIIIBe B ¢QpMyllbl ( 12), paBKbl: 

a~: 

Tal 
l/2a1 R

1 2 • 
iJK/aall ·-•~~/4aa R 

I 
~;a., ·(1-4&, .I +• 

K 11 a{J ~ 
.lf!_. 2a 1 a2 (1-4& 1 •a) /(l-h 1 • 1 +•2 ) I -a-.; •<1-'-1•1) 

a., 
aR K 2 aa 1 

_._,..._ • 2"1 a 1 (l-h 1 •a) /0-4&1 •a +a a ) I K"" = R a., 1 + 

3AeC& ace napaMeTpbl onpeneneBbl 11 nocnenBell 11-Toll aTepanaa, 

pBilbl, Otlp8THbl8 M8TpD8M (9 ) B ( 11). 

3, Bb1'1BCIIli8TCll OTHOCBT811bH8ll omatlKa II panayce Ol:pylKHOCTB 

t.R/R - (t.K) • tR I 
a omatSxa B aMnyn&ce 

2 I K 
t.P • ((t.R/R) +(All/B) ) ·1PI. 

9 

c; 



lk; F,a • Iotkt,{>k Faa • It,{> • D lk <I> k ; A, • Io,k "t; Aa •Itf>,o,t•t '(II) 

I 

II ecTh MATpB!la, o6paTaaH MATpBlle 11-i' lk II • 
(JJ) (V) (V) 

tga • .\ /R 
p(V)- sooiia(JJ) /cosa (V) 

Oil v- '1'011 BT8paiUIB 1IpoB8pH8TCII BhllJOn.&:8D8 yCJIOBBB ( 7) 1 B ecnB ORO He 

:e JipoR30mno BldXO.IIA B3 BTep8llBOBIIOro 1Ipoll8CCA JIO IIpB3BaKy MAX:CBMaJIIIo

RII, TO .11enaeTCH cneAJ'x)lnaa BTepauxs. Kax: ylKe oTMa'lanoc~o, snexTpoas:&~e 

BTepaJIBoaaoro uponecca nocne nepBOII •• BTapauBa. 

8 (7) BhllJOnB8BO BnB BTepaJIBOBHidll lipOll9CC 3AKOH'IBnC·H no MAKCBM8llh

BII1 TO Bld'IBcnHIOTCH CJI8.11YJOIIlR8 KRH8MATR'I8CKB8 nap8M8Tpld: 

·s aanpaansJOmRe xoc•aycld l!l TO'IK& l!l3ABMO.IIallcTaaa. Caa11ana Bld'IHCnHJOT

KOCBayc:&~ B CHCT8M8 KOOP.IIBHAT XY ! 

'(V) (V) 
l • coaa • coa/3 

(V) 
m ~ coea 

(V) 
n • aina 

•in f3 (JJ) 

<v> a -K 
in/3 ••a·0-4a 1 a 1 +a

2
) (JI)- K a -K 

coa/3 •0-4a1 a1 ) • 0-4a1 a1 + •a l 

B HCXO,IIHOII CHCT8M8 KOOp.IIHHAT no ~pMynaM npeoopA3o-

no ~pMynay npeo6pa30BaHBH ,o6pATHbiN <jlopMynaM ( 2), B BCXO.IIHYIO CBCT8-

C'IBTblB8JOTCH KOOp.IIHBaTbl ll8HTpa OKPYlKBOCTB, HA.I!.Il8HHbi8 no ( 10). 

NATpBila omaoo~~: napaweTpoa K f3 ' a npe,IIB8pBTenbHid8 

M8lK.IIY K H a • f3 • a ae aenuu. nosToMy 

HT81IbCTBO, 'ITO BX Bbi'IBCJI8HRe Tpe6yeT Cp8BHRT8JibHO Maoro MAmHHHO

OllOlKHnR STH KOppenRIUIH PABHbiiiiH HYnJO, TAK 'ITO MATPHIIA OmB60K HM88T 

8 

,. 

3.11ecb 

(

{/U)a 

8KfJ 
0 

8KfJ 
a (t!/3) 

0 
~,.) 

I a 
<~> • I ax: c·' a~: 

l.p a;- lp h 
i p a a ,. _, 

<t!f3l • I .!JLclfJ ~~ 
1P a., a.P 

a ""' ., 8 • I .11 .. G .!P_ . 
KfJ lP a;; If' a.P • 

a ~ a ·I 
(i!al • ~ F 

a>. " 

npoB3BO.IIH:&181 8X0.11HlltB8 B ~pMyJibl ( 12) 1 pABHid: 

a~: 

( 12) . 

-r.;-
a 

l/2a1 R 
a I 

arJaa1 ·-•al"-a R 
a a a 

aK;IM, •U-"-1 •a +aa l/4aa R 

K a a{3 K a .lL •2a1 a2 (l-4a 1 aa) /<l-h 1a1 +•2 ); .....--•U-4a 1 aa) /(l-4a 1•a +•a l; 
~ ua. ua 1 

a/3 K 2 ~ aa -·- • 2aa •a 0-h, •a > /U-4a, •a +• 2 > • -;,..-
a~ u.\ a 

3.118Cb BCe napallleTpld oupe.11eneahl a nocne.11aell V-ToA BTepauBR, 

pRllhl1 oopATHhl8 MATpBilaM ( 9 ) R ( 11) • 

8. 8hi'IBCIIH8TCH OTHOCBT8nbH8H OmBoKa 8 pA.IIByce OKpylKHOC'I'R 

M/R - <t!K> • ta I 
B oma6Ka 8 BMnynJ.ce 

a a K 
t!P • ((t!R/R) + (All/H) ) ·1PI. 

9 
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§ 3. Bb!'IBCIIeJme KBBeMaTBUCKilX napaweTpoB &neKTPOBBI>IX TpeKoB 

B cny>~ae, xor.11a Tp&K cBat5JKeB np&aaaxow &n&KTpoaa, B&I'IHC118BHe ero KBaewaTH'I&CKHX 

napaN&TpoB IIOCII& nepBOA HT8p81lllH B § 2 llpoR3BO.IIRTCil B COOTB&TCTBHH C OIIRCI>IB88Mb1N 

UJKe ISIIOKON DpOrpaNMblo 

Yro11 B8KIIOR8 a 8118XTpoBROro Tpexa X IIIIOCXOCTH XY nonara&TCR paBBI>IM TriiT 

a(l) , BaA.II&JIJIOMT B 118pBOA RT8P81lJlR § 2, a XpRBR3JI8 TpeK8 B nepaoA TO'IK& R8XO.IIHTCH 

DpR· no.QroBKe Tpexa no.Q KpRBYIO: 

Y • bl + b a x + b a ,a + b' Y I 
(18) 

B xo~A B OTIIH'IR& oT (8), aoot5me roaopa, b a .f b4 • Tax&M o6paaoM, oTaomeue napa

N&TpOB, b 4 /ba X8p8KT8pB3yeT DOT&pH 8R8prHR B.IIOIIIo Tpexa Ra TOpM03B08 H311)"18HR8, -
npoR3BO.IIRTCR npeo6p830BaJIH8 CRCT&Mbl XOOp.QRB8T 

no ljlopwynaw 

XY B CRCT&My XOOp.QRBaT X "Y" 

x';- 'J cose+yl sine. 
( 14) 

Y ~ • Y J COli~ - X J om e , 

r.11e 
a-K K a-K 

Sine • •a 0-4a 1•a + •a) ; cose- 0-•la 1aa) ·U-4•t•a +all) 

MRHRMH38IIRII ljlyRXIIROR8118 ( 8) C ljlyBKIIR&I! ( 18) B CRCT8M8 KOOp.QRH8T X "Y" llpRBO

.IIRT, X8X R 06&I'IR01 X CRCT&Me IIRH&I!RbiX yp8BR&RHI! 

HIt bt • y t 

B KOTOpbiX &118M8BThl M8TPRIIbl I r'\t II paBHbl 

Ru· Is,t ; H1a • Islk 't ; 
ll ll 

H1a • Is1t •t ; H14 • I S1t Yt 

Hall -I X I s,t•t ; Haa -Ix, s lk •lit ; Hll,- I., Sit y~ 

ll a ll ll 
H11 - Ix 1 Sikxt ;H 14 -Ix 1 S 1tYt 

(15) 
ll ll 

Ru • Ir1 s,t Yt 

y 1 - Is1t Yt Ya • Ix 1 sit Yt Ya • Ix~ SltYt 
ll 

Y 4 •Ir 1 Sit Yk 

3.Qec& MaTpana aecoB lis It II saA.Qeua B nepBoll RTepanaa § 2, acxo.QB aa aaa'leasa aMnyn~o-
P CI> 

ca • 

-I 

nocne B&r'IRcnea&a napaMeTpoB b 1 a MaTpHilhl II H rt II . o6paTsol! MaTpsne ,II H
1
k II 

( 15) 1 li8XOARTCR p8AHYC XpRBR3Hhl Tpexa B, ero nepBOI! TO'IK& R RMIIYIIhC: 

10 

• 

rAe 

Rca> • A a/ll /2B 

ll 
A•l-4b 1b4 +ba 

P • 800 H R (ll) /cos a (I) , 

2 
B • b a -4b 1 b1 b 4 + b 2 b 4 

BI>I'IHCIIRIOTCII aanpaBIIBJOmRe xocaayc&r Tpexa B TO'Ixe B38RMOAellcTBRS 

CBCT8M8 KOOpABR8T X "Y" : 

rAe 
sin {3 • b 2 A-K 

f •cos a (t) cos/3 , 

m • cos a(l) sin {3 

n • aina(l) • 

cos/3 • C. A-K c-0-4btb,>"; 

a 38TeM B HCXOAHOII CRCT8M8 XOOpARH8T no ljlopMY118M npeo6pa30B8RRR1 061 

118M (14) H (2). 
HaxoABTCR xoopAHH&T&r nesTpa 

xoopABH8T X "Y n : 

KpRBR3Rhl B TO'IK9 B38HMOA811CTBI(R CH~ 

(liJ 
x c •-R Sinfj, 

(ll) 
y

0
•R cos{j, 

8 38T8M B RCXO.IIBOII CBCT8M8 K00p.IIRH8T no ljlopMYII8M 1 0t5paTHhlM ljlopMylla~ 

rAe 

HaXO.IIBTCR M8TpBil8 OWR60K napaM&TpoB K {3 

ll dK R-1 dK 
!AK) • I -ar, IP dbp 

IP I 

!A/3la • I ~R·I d/3 
'P ah, , a;;-

3 • I !!._R-1 
xfJ IP ab 1 IP G€p 

"' 

(J,p - l, ... 4) 

(j,p = 1,2,4) • 

(j. p - 1,2,4) 

a 

-a/ll -a/1 
dK/db

1
•4b

4 
A (3B-2baA); dK/ah 1 •2b1 A (2b 4 A-3B); 

-a/ll ll 
ill/ah 8 • 2A • c a/31ah 1 • 2ba b 4 /CA a{j/ah 1 • C/A 

a(3/ab, -2b 1 b 4 /cA • 

11 
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'n&JDie IOIJieM8TRWCIUlX na 

'118 Tpa:a: CJI86ll<aJI npH3li81COM ana:a:Tpolla, Bbl"lHCII&JDie aro IOIIIaMaTH"leCKHX 

napsol! HTepllllJIH B § 2 DpoH3BOIIHTCS B COOTBaTcTBHH C OIIHCbiBSaMbiM 

18.MMble 

a 8118KTpOJIJIOro TpeKa X IIIIOCKOCTH XY IIOIIara&TCH p8BHbiM yrny 

B nepBOl! HTe~ § 2, a KpBBB3JI8 TpeXa B Depaoli TO"lX& JI8XOIIHTCB 

11011 XpHBYJO: 

y • b1 + b ll x + b I Xll + b 
4 

y I 
(18) 

oT ( 8), soo6me rosop•, b a ,t b 4 • Taxat.r o6paaot.r, oTaomane napa

KTapBay&T uoTepH saepraa BIIOn& Tpe:a:a aa TOpMoaaoe aanyqaaaa. 

pao6pa30BaJIHa CHCTeMbl II:OOpiiHJ18T XY B CHCT&My KOOPIIHJiaT X "Y" 

x ~ • x1 cos~ + y 
1 
sin~ , 

(14) 
y~' •y 1 coa~-x 1 s1n~ 

li-K K 
2

-K ~ • all 0-4 a 1 a1 + a 2 ) ; cos~ • 0-4a 1 a 
1 

) • U-4 a 1 •a + all ) 

JIII:DROH8118 ( 6) C <jlyHII:IlHal! (18) B CHCT&Me 11:00PIIHH8T X "y" llpHBO-

CHCTaMa IIHHal!abiX ypaBHaJIBl! 

8 lk bk - y k 

MaTpHilbl I rn.k II paBHbl 

ll ll 
sit' 81li•Isltxt; 8Ia•Isltxt; 814-IsltYt 

IS lkxk 8lll ~Ixl s lk xllk ; Hll4- Ixl slk y~ 

ll ll ll ll ll ll 
'xiSikxt ;8u•IxiSitYt; Hu•IyiSitYt 

(16) 

Yt Ya - Ixl slk Yt Ya - Ix~ sltYt 
ll 

Y 4 • Iy 1 Sit Yk 

lis It II aai!Jleaa B napsol! HTepanaa § 2, acxonsr aa aaaqaaasr HMIIym.-

napaMeTpoa -I 

a MaTpRU&I II HIt /i . o6paTaol! MaTpane J/ H
1
t II b I 

xpasaaa&J Tpaxa B, aro nepsol! TO'IKa a RMnyn&c: 

10 

~ 

rna 

R(ll) • A a/1 /28 

2 
, A • 1 -4 b 1 b4 + b 2 

P • 300 ii R (ll) /cos a (I) , 

2 
B - b 8 -4b 1 b8 b 4 + b 2 b 4 

Bbi"lRCIIliiOTCll aanpaBIISIIOIItHa Kocaaycbl Tpaxa B TO'IKe BaaaMonel!cTBHR caaqana B 

CRCT&Ma KOOpiiHH8T X "y " ; 

rna 

f •coa a (I) cos {3 , 

m • cos a( I) sin {3 

n • sin a(1) , 

sin {3 • bll A-K , coo {3 • C • A -K c-0-4blb4lK; 

a 38TeM B acxonaol! CHCT&Me II:OOpnaaaT 110 <jlopMynaM npeo6pa30B8HHSI, o6paTBbiM <jlopMy-

118M (14) H (2), 

HaxonHTCSI ICOOpnHH8Tbl ll&BTpa KpHBH3Jibl B TO'III:e B38RMonal!cTBII!i CH8'18118 B CRCT&Me 

KoopnHHaT X "Y " • (liJ • 
• x

0
•-R S1n{3 

(ll) 
Y

0 
• R cos{3 

a 38TeM B HCXOIIBOJ! CHCT&Ma II:OopnaaaT 110 <jlopMyllaM 1 o6paTHbiM <jlopMynaM (14), (2). 

rna 

HaxonHTCll MaTpana oma6ox napat.reTpoB IC {3 

ll 
(1\IC) 

11IC -I t1IC 
. I Hlp-

lp "'Db! l1bp 

<A{Jl
8

- I 1f!_u'1 a{J 
lp r1bl lp a;;: 

8 • I 11IC H-a 
x{J Jp ~ lp 

af3 
'IT,; 
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B yrne DOJl'MWA a DXOJlHTCR B D8pBOlt B'l'8piUlRH § 2. 

O!SpambRe 11: nporpawwt~ 

En()J[-<::X8Na nporpaMMbl DOit83Ua Sa pBe. I R B IIORCB8DIIX 88 S,.lKI188TCR. 

nporpaMNa pa6oTaeT B cac'I'8M8 HC-2 c $aJtcanaell aa pa6o'leM none. JlnBaa upor

paMMbl No - I • 2847. Jlns pa60Tbl llpoi'paMNbl HCDO.IIh3YJOTCR R'18llltR C 0001 DO 0087, a 

,.U:lK8 11118 rpyDDbl pa60'I!IX 11'188lt0 Ra'lllll8 ltO'l'OpbiX PI • p~ aa11aJO'I'CJI apa o6pameua • 

06pameRile K nporpaMMe COI18Plltll'l' "18Tblpe cTpo~~:a; 

I( - 1 000 16 I( 7501 7610 

I( "100 52 <xl> Non PI 

" +I ·~~o 52 <r1> <a-1> p~ 

I( + 2 "•":!"a S2 ~·.> < 5 > <y> 

3Jl8Ch <xI> 0 <y I> , <z I> -Ba"'&m.llb18 at~peca "Ta6o11Rll lt00p.llRR8T ( X I 
• Ys ••• 

'l'O"'8K Tp81t81 <11-l> -aApec R'lel!Jta, CO.Il8piK&ID81! "'HC.IIO II -1, II - "'BC.IIO '1'0'1811: Tpelta 

( 11 :!: 25 (nee.) ) ; < 5 > -aApec nepBOI! as Tpex R"'eeJt, coneplK811UIX mamty co6&~TBR 1 <y> -

a11pec R"'eibtJI, B KO'l'Opol! R&XOnRTCII lfPB3Ralt ( JrpO'l'ORa, II' -Meaoaa, sneKTpoaa); P 1 

&a"'&no rpynn as 0222 pa6o"'Bx R"'ee~~:; P~ -aaqano rpynn as 057I pa6o"'HX aqeex. Ecna 

YJt838Th P t • 0040, 'l'O llporpaMMe R8 DOTpe6yeTCSI COOTB8TCTByiOmell R8CTpoliJi:a. 

B&tna"'a aa ne"'&Th JlnB JtaJK.Qoll rlllloTeabl npoJraBOnBTCR aa cTaanapT&ble nns OHHH 

nepojloxapTbi a 6YMalltiiYJO neaTy. ne'!aTh aa 6yNalKRyJO neaTy 11y6napyeT aa$opManaJO, co-

118plK8myJOCR Ra Depojlos:apTax; KpoMe 'l'Oro, llODO.IIRIITenhRO D9'18T810TCll Coii911YIOIDir8 BQ.IIH"'H

Rbll 3lla"18RRll NRBBMH3BpyeNbiX $YBitllBORanoB B MHI!BMyMe 8 RYII9BON llpB6.11RlK8BBB B B 

DOC.II811H8A BTepanaa, HMDynhC 8 Ryn8BON DpH6.11BlK9BRB0 KOOpllBRaTbl DOC.II9AH8ll TO"'KB Tpe

Jta a llnR nepaaqaoro Tpexa - aanpaan•nmae Kocasycbl B nep8oll Toqxe. 

BpeMR, aeo6xoABMoe llnR o6c"'eTa 011aoro Tpexa, aasacaT oT 'IRena aaMepeaa&~x To-

"18X aa TpeJte, BHila "'aCTB"bl H pacnp8119.118HBll llaMgTa. 8 Cp911R8M llpH II • 10 B 

pi • 0040 06C"18T O.llBOI! rHilOTe3bl BM8CT8 C fl9"18Thl0 H nepcjlopanael! 3aliBMaeT OKOnO 

6 eex. 

3altoiii0'18BH8 

Haa6onee CBnhBblll B1tna11 8 HCKBlK9BB9 KBH9NaTB'I8CKHX napaMeTpOB Tp8KOB B ny-

3blphJt0BbiX lt&Mepax C TRlK8ollbiMB lltllllltOCTRNB BllOCliT KynOHOBCit08 paCC9liHH9 B TOpM03-

12 

8041 BS.IIT"'9BB8o HOBB31UlROBBb18 IIO'I'8pB B B8011KOpDI1BOC'rlo M&rBB'l'BOI'O D 

'l'&Bml8'l' B sameM cnrrae '!:, 8'r. DO Bb1CO'l'8 lt8M8pbl BllO.IIJI OCR • B np 

B,.IDD B IUIOc;ltGC'I'B XY ) ae C'l'O.IIJI CBm.IIO B.IIBRJO'l' sa 'l'O'IJIOC'l'Jo oape11e, 

CltRX apaNftPOB. HeoABOpDJlBOC'l'Jo uaru'l'aoro nons 'I&C'l'B'IBO ,.'IBTbiBa., 

a....:cneua BMJlY~DtC& !Sepe'I'CJI saa'leue uaru'l'Boro 11ons, yepeueuoe 

neuet 'l'O"'HAM 'l'pHL 

MauMKaiUlBR ljl,-uuoaana, B ua'l'pBII1 aeco11 ltOTOporo sBG.Qeaa w 

ro pacC8BUIIo JIOSJIOII118T 6onee Ha118lltll0 OlfP8118.11B'l'Jo UHMATB'I8CU8 It 

,.W8111olDB'l'Jo BX oma6u. 0l1UitO 8TO CTaBOBBTCll BOBMOlltllbiM TOIDoltO npB 

lt&X B B3M8p81110l B JIOCCTaJIOB.II8BHB apoc'l'paBC'l'II8BBblll ltOOpi1BBaT0 DOCitO 

nBitOM Onp8118.11IIIOT B8CA nepBbiX TO'I81t Tp81ta0 a B B8C8 DOC.II811BBX 'l'O'IE 

apa ae6om.max saepraax) rnaBB&tl Bltollal1 asocaT lt,..IIOKOBCJtoe paceeaRJ 

waTpllDbl oma6o11: JtoopllBRAT 11enanoch npeMonolKeue o ToM, 'ITO oma61 

Tp81t8 OllllBilXOBbl R '1'1'0 ORR R8 CKOpp811RpOBARbl Apyr C JlpyroM. Ha ca' 

OllRRAitOBbl R ( BC.II811CTBR8 DORCJta COOTB8TCTB8RRbiX '1'0'1811: B llporpaMM8 

apoCTpaBCTB8BRbiX ltOOpllHRaT) COC811Ril8 TO'IKR CltOppenHpoBaBbl M8lKI1Y 

9TRN 118.11hB8IIm88 yny'lmeaae nporpaMNbl NOlK8T 6bl'l'Jo CBR38RO C YIIY'ID 

BOCCTaBOBn8RRII DpOCTp8RCTB8BBbiX ltOOpi1BR8T RIIB C D8p8XOI10M K NRHR 
/4/ 

&ana B IUIOCitOCTR lt811P8o paCCMOTp8BRbiN B pa60'l'8 • 

AB'l'Opbl 6naroAapabl A.r. BonOJlbltOo H.H. roiiOp,..,., r.H. TeBTIOit' 

llpo'IBTaBIIIBM 38118RR8 Ra nporpaMMy R Cl18ollaBIDRM Plll1 DO.II83Rb1X SaMe 

n.H. repJlJOitOB,., npo11enaB1D8MY 60ollhiDYJO pa6oTy DO llpoB8plt8 T8CTOB 

npB3B8T8.11hRbl C.B. J<mrNeRitO 38 o6cylK118Ril8 9.1181tTpDRROI '18CTR DpOr] 

n R T 8 p a T y p a 
#) 

1. H.A. Eya)laBBRa R llP· npeapuT OHHH, 2095, Jly6aa, 1985. 

2. Jii.M. rpaMeRBilltBll, n.A. TBXOROBA, n.B. Wn!IDRilltOB. npenpBRT 

1966. 

s. H.H. roaopya H 11P· npeapRRT OHHH, 1101, Jly6aa, 1962. 

OJil 

4. H.H. roaopya R AP· npenpaRT OHHH, 2036, Jly6Ra, 1985. (nTa B 1 

Py~~:onach nocTyllHna B aanaTenhCKHII 

5 anpens 1966 r. 
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B yrne DO.QMW. a .llaXO.QR'I'CII B D8pBOit R'ntpaJIU § 2. 

06pall(eue K nporpay,... 

no~:-.::xeM& nporpaMWI>I no~:aaa.aa .aa pac. 1 a B nosrc.aeuu .ae .117lK.IIa4t'l'CR. 

orpaMM& pa6oTaeT B caC'ntwa HC-2 c ljlaKcanuelt aa pa6owraM none. llnaaa npol"

M - I • 2847. lln!ll pa60Tbl DporpaMMbl RCDOnb3;yJO'I'C!II !11'1:81tXR C 0001 DO 0087, a 

AM rpyDDbl pa60'I:BX !11'1:881:, .llawrana XOTOpblX pI R p ~ 3a.QaiO'I'CII DpR o6pameua. 

BB8 K DporpaMM8 COA8PliCliT '1:8Tblp8 CTpOKR; 

I( - l 000 16 I( 7501 7610 

I( 11'100 52 <:rl> Non PI 

K +I "~~o 52 <yl> <a-1> p~ 

I( + 2 
"1"2"8 52 ~·I> < s > <y> 

X I> 1 <y I > 1 <z I> -aawraAiollb18 Allpeca T8611R11 XOOp.QR.IIAT ( :r I 

exa; <n-1> -aApec .ll'leltxa, CO.!l8p1Kamel! 'IHCno n -1, 
• Y1 ••• 

(.!lee.)); < S > -a11pec nepsol! ua Tpex .ll'lee~:, CO.!l&pJKamRx manxy co6b1TR!IIJ <y> -

ellJtH, B XOTOpol! HaXO.!lR'I'C!II Dpll3.11aX (DpOTOHa, IT -M830Jia
1 

Sli9KTpORa); P
1 

D - 'lRCno TO'I:QX Tp8Xa 

pynn H3 0222 pa6o'I:Bx H'leex; P 2 -Ra'lano rpynn H3 0571 pa6o'lBlt !ll'l9&K. Ecna 

PI • 0040, TO llpOrpaMMe Be DOTpe6yeTCH COOTB8TCTBYIOIII8lt HACTpoltxa. 

B'la aa ne'laT& Ana xalKJloll r&noTeabl npoaaso.!IR'I'C!II aa cTaB.Qap'l'able .1111!11 OHHH 

hi a 6ywaJKJI;no neaTy. Ile'laT& aa 6yMaJKJiyiO neaTy .!ly6napyeT aaljlopManaiO, co• 

H aa nepljloxapTax; KpoMe TOro, AoDonHHTem.ao De'laT&IOTC!II cne.QyiOD!He sena'I:B

·RR!II MBRBMH3HpyeMbiX IPYHXDBoaanos s MHI!HMyMe s aynesoM npa6naJKeaau a s 

HTepanua, HMnyllbC B ayn&soM DpB6nHlK8HHB1 KOOp.IIBHBTbl DOCII8.11R8ll TO'lKH Tpe-

119pBH'lHOro Tpexa - .118npBBII!IIIOD!H8 KOCHHYCbi B Depaoli TO'lKe. 

, Heo6xo.QHMoe .!111!11 06C'1:9Ta O.IIHOro Tpexa, 38BHCHT OT 'I:Hcna H3M8p8H.IIb1X TO

•aKe, BB.IIa wracTBilbl .11 pacnpeAeneHB.II naMsrTu. B cpe.QaeM npu 
D • JO H 

0 06C'1:8T O.QRoll rBDO'nt3bl BM8CTe C 119'l8Tbl0 .II nepljlopanael! 38JIBMB8T OKOIIO 

3&KAIO'l9BBe 

OIIQQ CBilbHbll! BXIIS.!l B BCK8lK9HH9 KBH8M8TB'l8CXBX napaMeTpOs Tpexos B ny

KSMepax C T!lllK81lhiMB lKH.IIKOCTRMll BJIOC.IIT KYIIOHOBCK08 paCCQHJIRe ll TOpM03-

12 

.. 

1108 R3A:J"'9D8o HoDSaJIRORHbl8 DO'ntpll ll ll80.11liOPOAHOC'rb Mal"D'l'HOl"O 1101;11[ (KOTOpall coc-

'l'al!lmla'l' B aameW CI!Y'Ia8 : 8'1. DO BbiCOTe XaNepbl B,QOlDo OCll s R np8K'l'R'18CKR paBU 

.IIYIDO B IUIOCKGC'I'll XY ) aa CTO/Ilo CllnloiiO JIABIIIOT HA TO'I:HOCTJo onpa.QM8RHR KRJI8NATR'I:8 -. ' 

CKBx :aapaweTpoa. Heo.Q.IIopo.Qaoc'l'lt Nal"D'l'Roro nona '!ac:TH'I:BO Y'lRThiBa8'l'CJI ,..,., 'I:TO up• 

Bbi'G'Cneua awnynt.ea !SapeTCII aaawrane Mal"RH'l'Roro Dona, ycpe.QIIaR.IIoe no napsolt B noc

nenal TO'Ot&W 'l'p8KL 

MBRRMR3AIIRII cjlyuuoaana, B MATplllly aecoa XoTOporo BB&Aaaa waTplllla Kynoaoacxo

ro p&CC811l!RR1 J103BOIIR8T 6onee JIA,Q8lKJIO 0Dp8ll8nBTio UR8MaTB'l8CU8 DApaMaTpbl TpaKOB R 

ywaHJomll'l'lt ax om~~6u. C.QIIAito 8TO CTaROBB'I'CR BOGNOlK.IIbiM ToiiWto npa ae6on&max oma!S

Kax B B3MepelDill B BOCCTa.IIOBn&.IIRR npoc'l'pa.IIC'l'B8R.IIb1X lt00Pllliii8T1 DOCKOIIWty OD DO'I:TR ll8-

IIRKOM onpe.!lenRIO'l' aeca napBhiX TO'leK Tpeu, a s 11eca nocnellJIRX TO'I:&K TpaKa ( oco6e11ao 

DpR .11860AiomBX saeprBIIX) rnaBIIbllt BKnall BROCRT KynOROBCKOQ p&CC8RIIll8o Ilpll COCTaanaiiHR 

MaTpRDbl OWHISOK XOOPABRaT .QenanOCio llp8llnOAOlK8.11R8 0 TOM, '1:'1'0 OmB6KH B KOOpllRH8T8X 

TpaU O.QBRaKOBbl R 'lTO Ollll R8 CKOppenBpOBaRbl .Qpyr C llpyrOMo Ha CaMOM .Qene OWR6KR R8 

O.II&RaKOBbl B ( BCII8.11CTBH8 llOliCKa COOTB8TCTB8RRbiX TO'l81t B DporpaMM8 BOCCTaHOBn&HRR 

DpOCTpaRCTB8RHbiX XOOp.IIB.IIaT) COC8.11RH8 TO'lKH Cl:oppenuposa.llbl M8lK.IIY co6olt. B CBH3R C 

STBM .!lan&aellmee yny'lmeaae nporpaMMbl MOlK&T 6b1T& ca•aaao c yny'lD!eaueM nporpaMMbl 

BOCCTaBOBAQRRR llpOCTpa&CTBeJIJibiX IOOpllBHAT RnR C nepeXO.IIOM K MKJIBMH3811BB ljlyKKDB0-
/4/ 

Dana B IUIOCli:OCTll KA.!lpa, paCCMOTp8HHbiM B pat50ft o 

ABTOpbl 6naro.!lapabl A.r. BonOllloKO, H.H. rosopyay, r.H. TeBTIOXOBOA B H. Il8TO'I:K8, 

upowraTasmaw 3A.!la&ae alt nporpaMwy a C.!l&nasmBM Pll.!l noneaa&~x aawe'!aaull, a TaKlKa 

n.H. rep.!IIOKOB:y, Dpo.!lenasmewy 6on&m:yiO paooTy no nposepKe T8CTOB nporpaMMblo Mbl 

11pB3JI8T81llollbl C.B. KrurweRli:O aa OOCYlK.!l&.IIHQ 8n8KTpORHOit '!aCTR DpOrpaMMblo 

naTepaTl
0
Pa 

1. H.A. ByaQasaaa a liP· IlpenpR.IIT OHHH, 2095, ll:y6aa, 1985. 

2. H.M. rpaMeHBilB:RA, n.A. TBXOJIOBa, Il.B. WnRDHIIKOB. IlpenpBHT OHHH, P-2146, .lly6aa, 

1968. 

8. H.H. rosopya H .!lp. IlpenpKHT OHHH, 1101, lly6aa, 1962. 

4. H.H. rosopya H .!lPo npenpBHT OHHH, 2086, lly6aa, 1985. (nT3 B ll&'laTH). 

PyKoliHCb DOCTyDBna B B3.!18Ten&CKBI! OT.!len 
5 a11pena 1966 r. 
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