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)lpll(f()()()ll, Menosennoe nepeteujene  UcnRoAl Wnmeavnozo

opeana onpedeasemces Henocpedemeeno epes N0soPOMbl 6 WAPHUPAT, CBABAHHLL € NpUEO-
daaw. Kpoxe moco, noRaawio, ¥mo nocopon, cO0MEeMCmMEYI0UyILll M2106CILHOMY TePeMEWeRUI0
WCROANUMEALILOD OpPaaia, pPAGEH CYAye OMdeablilr NOSOPOMOS 8 Wapiupar. Omdeavnuii
NOBOPONL VAPEALATECINCH KAK NOGOPOIN, COOIMGEMCMGYIOWILEL HIOBENNONY  NEPEMEUENUIO 1C-
ROANILMEALIOND 0PI NP ecer sanepmuLy npusodaz, kpose odnozo. [lpedcmasaenste uccae-
Dosanus ROy CAYICNNL Topoutell 0cnosol Jas usyrenus ocobur Konpusypayui ¢ yempolit-
CINBAL ¢ NAPUAAACALHHLYL PACHOAO N eI UEN RpUcodos.

Beepgenune

flopasasmomee  GONDINHIECTRO  CYIMECTBYIONUIN
NPOMBIILIEHHBIX PoloTOB MORGIMPYCTCST KiHeMaTi-
YECKOH CTPYKTYPOH ¢ IOCHeZOBATENBHLIM COCJiNle-
MeM sBernen i apusofon. JLia Taxiux KOUCTPYKHMIT
paspafoTamo MHOFKECTBO MOTOJOB peulennsd  3ajad
MIHOBEHHOU KWUHEMaTHKH.

MruoBeHHAA KHHEMATHKA TaKuX 1M0CACA0BATE/b-
HLIX COCAMIEHHE XOPOMIO OMUCHLBACTES ¢ [TOMONDIO
reopuy purrros. Llpu vrom Boenssi ¢ yeaomnenio-
CTBIO KIMIEMAaTHYECKOH ¢TpyKRTypLl yerpoiiern ¢ ma-
PAITCHBIBIM  PACHOIOIKEHIEM NPUBOJOR (0 cpap-
HEHUIO €O CTPYKTYPOIl MOCHCHOBATCHABATIX COGMTIe-
Huit) HX HCCACHOBAMHUIO YICASINH MCILIIC BIHUMUNUI
wau Jrasie soobme ynyekann ux us suy. llacros-
WESE CTATBS, TAK jKke Kak i upeasjyman pabora 11
MOCBANIEHbL  dAHANUTHUECKOMY  TCCACLOBAHING  BOl-
pPOCOB MIHOBCHHOI KMHEMATHEN YCTPOHCTB ¢ Tapajl-
JeJIBHLIM PACHOJOMKEHACM TIPHBOLOR Ha OCHOBE TCO-
pHU BUNTOB.

B paGorax [1—3] Gur cpenan suisop of oreyr-
CTBHH OUCBHJUHIX  IIPCAMYIICCTR B NCHOILBOBAINII
enmemannnx  d-yerpoiters, Hoorony B uacrosied
PaBoTe HECHCYETCH MUHOBCHIAS KIHEMATIRA TOM -
KO YCTPORCTE ¢ TIADANITCI LHBIM PACHOIOFRCIICM 1IPH-
ponoB st wiockoern (M - 3) 1w npocrpanersa
(M = 6). B paborax 1, 2] nenaercsr Taxkske  BLIBOJ
0 TOM, UTO YCTPONCTBA ¢ ITaPaJlICABUBLIM PACIOJ0sKRe-
HUCM IPUBOMOB MOTYT HMCTL TPAKTIHUCCKYIO 1C1-
HOCTD, CCHU OUU NOJHOCTHIO 1IN YacTHINHO 3atapai-
nesenni. Yerpoiersa ¢ 1OMHOCTHIO MapajliCidLHbIM
PACTIONOIREHIICM TIPHBOJOR MOIKIO B CROIO OMepeib
knaceuGuIEpoBath 10 PACHOHOMCHITIIO  INAPHUPOB,
YOPABASACMBIX I HOYIPABISACMBIX  OT TIPHBOJIOR.

«CHMMETPUMHOE»  YCTPOHCTRO  YJIOBICTBOPSCT Cle-
aylonmM  TpefoBaHsaM:
a) KaRAad M3 Hapalicjbibix  JCTOUCK  1aeeT

OJ/IMHAKOBOC KOJHUCCTRO HIAPHIOB,

6) KaRAAst M3 MapaLIedbHbIX  HEeNOUCK  Heer
OJMITAKOBOC KOJMMECTBO HIADHUPOB, YIHPABISICMIX
OT 1PHBOJOR;

B) MECTOIOJNOKCHUE NPHBOIOB 1 Kaslslon 13 1a-
PANNCGJHBHBIX 1EIIOYeK OIHAaKOBO,

IMpepcraniteito ta koupepenpuo ASMIE jro soncrpyipo-
paimio, 7—10 owxrabpsa 1984 r., WeitmOpiuk, wr. Maccauy-
£eTe; MOAYUEHO pepaxiyeis 10 mong 1984 r,

Feau xors On OfIO 113 yKasauubux TpefoBannii
e BHIOJHACTCS, TO TaKoe YeTpoicTho Oynem nashi-
BATL «ACHMMETPHUHBLIMY.

Msyuenne BOOPOCOB MPHOBCHHOH KHHEMATHKHN
PABJAMUIBIX KHHEMATHYCCKUX CTPYKTYpP Obi10 BHep-
shie pacemorpeno B pabore [4], vie aprop BBea oupe-
Jeselue MPHOBEHHONW KUIEMATHKUM [Jst TOCTeJo0-
BaTeNBHLIX M MApaijedbHBX coeguHenuit. Onnaxo B
pabore [5], a moapuce B [6] &m0 mokaszamo, 4TO
BEEJIeHE TIOHATIH HOCHELOBATCHBROIO M MaPaJiielb-
HOTO COeIUHCHHI HEOCTATOYHO A OUPCACTeHIs
OTHOCHTEJIBHOIT ¢BOBORL ABYX TeJ, COCAIMHENHbIX
MeskIy 060 HmepeceKaloUUMMACH Tia pHHpPaMIL.

B patore [7] Guin copayimposail 3aK0I 3aMKIY~
PLIX  MOXAHHUECKIIX CUCTCM, aHANOTHYNLI 3aKOHY
IRupxroda Juisk saeKTpUYecKuN 1encil.

Ormpasioft TOUKOH HacTosHeR paborer Gha BLi-
paBorka HOBOro, YAYWIHIEHHOIO O CPABHEHIO {71
MOMXOMA JJIA AHAJM3a MTHOBCHHOH KHHEMATHKH
yerpoiiers naat@opmernoro rmma. B onpepniaymei
paGore [1] Guir mpemcranien HoOBu TOAXOL A
OUPE/ICACINTA MUHOBOIIBIX  TICPCMEIeI I HeTTOT U~
FOHLHOLO oprana yerpo#cers mratdopMeHIoro THia
¢ HOMTOCTHLIO TEAPULACALIEBIN DACTONOIKCHICM 1P~
pojpon. Hopnii mojaxo sakaiovaaes B ojayuenun s
SIBIOM BEJLC BHIPGKCIBTE JULST HCHBBCCTHLX CKRaNP-
Y kooddunuenros o, KOTOpHEe COOTBETCTBYIOT
BPANICIMAM B HIADHEDPAX B OJHON M3 MapalIebHLIX
ILCTIOYEK, CBI3RIBAIOITHX MCHNOJHUTENIpHOE ycTpoii-
CTBO ¢ ocnosayeM (MPH DTOM NCHOJNbIOBATHCH 3aMK-
iyThie ypasnenus cxopocereii). Ojpnaxo pananaeiinme
HecAeoBald TPUBCAN K pa3paloTke HOBOTO METo-
J4, YAVULIGHITOTO [10 CPaBHeNuo ¢ HOJXO0JL0M [1].
CyTh HDTOro METOJIA BAKNIOUACTCA B TOM, YTO MTILOBCH-
[BIC TePCMENeHTIS UCHOJHUTeNBHOTO opraia BHpa-
SRAI0TCA HOITOCPEICTBOHHO0 TePe3 H3BECTHHIE BXOHHIO
CRANSIPULIE BEJMYAHE], KOTOPHIE OIpPEeJlesTioT Bpa-
pienue B NI@PHUPax, YHOPaBIsHeMHX 0T TPUBOAOB.
I3 nacrosmeil craThe paccMOTpPEH MMEHHO TaKoi
NOAXOJI.

O6a YHOMSHYTHX MeTojla 1ocirymnau s §op-
MYJAHPOBKM HOBOH B0l reopoembl: dasg aboza
Yempoiemea ¢ RAPAAALALILLIM  PACROLOICCILUCH RPU-
80doe epaugenue, onpedeasiujee M2HOEHILOE NepeMe-
wenue ucnoanumeasozo yempoiicmea (naamgopme),
Pagio cymme OMOeAbHBIT 6paujelilii 8 Waprupar.

Hop omienbHbiM spanieeM IIOHMMAaeTest Bpafe-
HHE, COOTBETCTRYMIOIIEe MIHOBOHNHOMY TOPOMEUIEHHIO
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HMCIOJHUTEIBHOTO yCTPOWCTBA, KOTZA BCEe IPHBOMADLI,
KpOMe OJIHOrO, 3amneprbl. ABTODH HafeoTCHA, HTO
HOJNYYeHHEIE pedyabraTel  6yAyT cmocoGerBoBaTh
dadpHelineMy mccaeloBaHio ocobrx woudurypa-
M YCTPOHCTB ¢ IMOAHOCTHIO MapasiiebHLIM paciio-
goenneM npusonos. I rakumx ocolbix kKondurypa-
LIMAX BHHTOBAs CHCTEMA BBIPOIKHAETCH, a HCHOJHM-
TeJBIIOe YCTPOHCTBO TepsicT OfHY Mau Gosce crTeme-
el c¢Bo0oLL.

puBaeMoil IEMoYKe, KPOMe BMHTA, CBA3aHHOTLO ¢ Off
HHUM H3 yODPaBIAAONIMX IPHBONOB. YUYATHBAA OPTO-
ronanbHoCTh 06enx yacreil ypapHenus (1) ¢ coorser
CTBYIOHUM OPTOTOHAJBHEIM BHHTOM $%)  (oproro-
HAJNBHLIM BCeM BHHTaM, KpoMe $4, B i-if Hiemouxke),
npu i =1, 2, y,Num=1,2 ... goonydaeM
M (= gN) nuHeiHHX ypaBHeHHﬁ. Cncremy n3 M am-
HEeHHBIX YypaBHEHMH MOYKHO 3alUCATh B MaTPUIHOM
BHAE ciaenyioumM obpasoM:

. ool

B FACAL T 0 0 0 0
1y
G+ 0 $,W0 .. 0 w2
o
§ $m 0 0
m
5,080 0 o |
@ .
s.sglg 0 $,(2"$(:,) 0 “ 1
(2) .
$-82) 0 $,0-82 \ owr e
ol
$s 0
. = w?)
.ngg)
X 0
. (M + g™ .
: 0 0 0 0 0 $,0085 ] L o™
0 2)

YpaBHeHHe BpalleHHs

Bpamenue $ (=ow$), oupegensiomee MrHOBeH-
HOe IepeMelleHHe IICITOJHATeABHOT0 OPTaHA B CHM-
METPUIHOM YCTPOHCTBE ¢ MOIHOCTHIO MapaJlile]bHbIM
pacmonoskenneM npusopon (fur. 1), nmeomem M
creneneil cBoGoaLl, MOIKHO BHIDABHTH KaK JHHeHHYI0
KOMOHHAINIO Bpamenuil B mapHupax B J06of nu3
N papajiebHBX TEMOYeR:

§ = 0$ = o{"${” 4 o{V${" -

rme 1 <_n < N.

Pacemorpus npa cnocofa pellenns ypaBHEHHS
(1). Hepssrit cnoco6: npamas sadaua, KOTAA M3BECT-
HBl 3HAYEHUs BXOJHHKX BPAmEHUH B IMAPHUPAX M
TPefyeTcsl OMPeNeJWUTH BpAIUCHHe $§ MCIIONHITENh-
HOTO oOpraHa. BTOpOH crioco6: ofpamuan s3adaua,
KOTJla TOBOPOT $ CUMTAeTCH M3BECTHHM U Tpefyercs

OIpenenTh 3HAaUeNHs BXOANBX BpalieBnii B map-
HHpax.

(1) ga(n)
< o', (1)

Pewexne npaMon 3agaum

Has pemenus npamoit samaum oGosmaumm M
3aJlaHHBIX BXONHBIX BoO3AeiicTBUIl dYepes Om, T7e
m=1,2,...,¢, g=MN ui=12 ... N.
B rakpmoil 113 mapasiesbHLIX IEIoY9eK CYIIeCTBYeT
(M - g) HeH3BECTHRIX CKANAPHHX KodPPUTHEHTOB
o}, npuaem J = (g -+ 1), (g + 2), , M u 3ama-
9a COCTOMT B TOM, YTo0H WcKaounTh 310 (M — £)
Hem3BecTHHX KodddunuenTon. IT0 AOCTUTrACTCH 3a
cueT 00pa3oBAHMA £ BUHTOB, KA N3 KOTOPHIX
OpPTOTOHAJEI BCEM OCTaJBHLIM BHHTAM B paccMmar-

Ypasueuue (2) GyneM Ha3HBAThL TaPAKMEPUCTIU-
YECKUM MAMPUUHBLM Y pasHenlem Oas ycmpolcmea
¢ noaAHOoCMblO napastLelbHBM pacno./wofcenue.u npueo-
dos. Ecam pumaronanxbHas Marpuia IOpaBoil vYacTH
ypasHenusa (2) BepoKIeHa, To ypapaeHHe (2) MoXk-
HO npeofpasoBaTh K cjelylnieMy BHAY:

- ' 1
Sn W s(‘)r
¢ s, m's?“
(1) ) mT
w2 s, <1)~$(1)$
b a7
M S, m-sm g
@ sm" § (3)*
< W r= s (n.s(z) ( )' d
2) (Z)T
wg S, (2)-3(2)s
)
wg S, (N)-s(Ms
- - - I

llanee, Tak Kak KBaJpaTHasdA MATPHUIA B TpaBoli vac-
TH ypapHeHua (3) B ofmeM caydae HeoRHOpOJHA
(r. e. ycrpoiicTBO He Haxomurcss B ocofoi Kondu-

* I[Jm 100BX JBYX BEKTOPOB- CTOJIﬁILOBO " 9 6,* 9 =

= (07 {0,).
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$(|)
ODur, 1.

i}

rypanun), To (3) MOKHO 3anucaTh B BujC

$ = [R{w), (4)

rae {®} — BexTop-cronbel; pasmeproctio [M X 11,
UpeCTaB/sIoNUA co00l U3BECTHEIC BHAUEHHs Bajla-
BaeMbIX BXONHBIX BO3feHCTBUIT

{o} = [loiW0™ . .. 0,Mw,® . .. o, M (5)

a [R] — xpampatnas Marpina passepuocrio [M X
X M|, 3aBMCAmAA TOMBKO OT IOJOIKEHES

[RI =[RRR, . . . Ry, (6)
rae R; — wekrop-cronben pasmepuocru [ 1],
Pacxpersas ypasmenue (4), oupegenns suavere

BEJMYUHLL $, ONUCHLIBAIOIEH MIHOBEHHOE nepeme-
ImeHle UCMOJHUTEJBHOTO Oprana

$ = WS=(u{"R, +w"Ry + . .. +w R, )+
+ (WPRp.y o +0PRy,) ¢
@R vy -+ eVR,y). 7

Jlanbueitinee wecnegonamire ypasueaus (7) noe-
BOJBICT HOJYIUTL BALHCL DTOPO BLIPGKCII B Py -
roM supe. Pacemorpust Goanee noapoGuo apyrie sasi-
HBIG PE3YABLTATHL, MONYICHHDBIC B HACTOMINCH paboTe.

MoHsTHe Pa3AeneHHbIX BUHTOB

Ipepmososkum renepn, uro nee ITPUBOLLI 3a5iep-
THI, KPOME OJLHOTO, CBAZAIIOLO ¢ HePBLIM IHAPUTPOM
B OCHOBAHMU TEPBONH M3 HaDPANLACABHBIX eHOYCK,
Toeo 0 = ¥ = = oW = 0y oD =

= w5 =0 npui=2"3 ..., N. Mriosen-
HOC [ICPEMCIICHHE HCIONHUTCALIIONO OPTala UpPouC-
XO[INT TOJNIBKO BCHENCTBHE MOBOPOTA B OANOM  HIap-
nupe o $;'Y. O6osnayum aror OTACNBHLIT T0OBOPOT
gepes $,1Y, (=0,0V$,:M). Ypasuenue (7) npentpa-
BYCTCS B CIHEJYIONIEMY BMILY:

(1) (M(1) (1)
1 = Wy ppy == Rl-

(5)
B ofmem caygae otmenvumii HOBOPOT, BLIpayRaI)-
HIHfICH B MIHOBEHHOM nepeMeINeHu UCHOJRNTeN b-
HOTO OpraHa u HPOHCXOAAWME Gaarogaps BXOLHOMY
posneiicrsio o, OF,M mpn i =1, 2, N ow

=y
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m =1,2 .

-+ 8, MOCT BLITH BLIDAIKEH B clienyio-
HIeM BHJe:

p() (1) (i)

. NS
rm T D D) T gy, R[m Fg(i-1)]-

9)

Henoneays vro Bhipaskelnne, npeopasyesm ypanme-

e (7) ¥ sogy

$ = W=+ 80+ . +$i0)+
SO R Vi
+ B8 L g, (10)

Oxonvarensno ypasuenme (10) ™Moo sanucatn B
c:Raroit gopme
~ PO A S
$=w$= 2 > $n.
=1 m=1

Caejrosarensuo,  mosopor  §, COOTBETCTBYIOUU
MIHOBCHHOMY MEPeMEIEeHNI0 HMCHONHATONBHOTO Op-
rana, pased cymme seex (M) ormenbHBIX MOBOPOTOR.

Ouesupmo, 9T0 moONYYEHHBE 37ech Pe3YIABTaTHE
TOJHOCTLIO  COTMIACYIOTCA ¢ pe3ydbTaTaMu paBoTh
[1}. Oguaxo noxasareascrso, OPelI0IKeHOe HAMH,
Tpebyer MeHbiie ajrefpangeckux npeofpasosanuit
u seramenenuii. Kpome toro, menonnsys ypasuenne
(2), MoskHO 3maumTenbHO mpome, ueM v (1], o6BaC-
HUTE CYIIECTBOBaHUE 0COOMX koHUTYparui s
YCTPOHCTE ¢ MapaJUINLHEIM PACHIONOIKEHUEM MpH-
Bomos [8].

(11)

Pewenue obpatHoi 3agaum

Kax toneko wro Guito NOKABAHO, HOBOPOT, COOT-
BETCTRY UMK MTHOBGHHOMY TCDPCMEIMEHHI0 HCIION-
HUTCABHOTO OPTAHA, BLIPAYKACTCA TUNEHHON KOMOH-
HANUCH MOBOPOTOR B MapHUpax B no6oil U3 mapas-
aeavierx pemouer [em.  ypaswenne (1)) Teneps
TPeGYeTcs ONMpeIenuTh g BXONHMX BOSHeHCTBII B Kasik-
MO 13 mapajenbHeX 1enouek. Pesynbrar mony-
YACM 13 ypasHeHus (3), rje Kaskaoe U3 HeUusBeCTHHIX
BXOHBIX BOBXCHCTBUII MOIKHO mofcYuTaThL HO  (op-
MyJio

Fk ()
ay $*$oln 12
A il (12)
Din $om
. (1)
e D=1, 200 N, m=1,2, .., gu &)

BunT, ()pT()I‘()H{iJILHHfI BCCM BHHTaM (KpOMO BUHTA
$,.0) B Q- HapaxmesbHOl IeIovyKe,

Mpumep

Pacemorpusr yerpoiicrso (dur. 2) ¢ moamocrnio
NapaliehHBIM PAaClolo;KeHHeM TIPHBOLOB, HMeoTee
6 creneneit csoGomer (M == 6) w Tpi crABMBabOUITE
napannensnuie 1ernoury (VN = 3). B kamuoi us na-
PALICNBHLIX HENOYeR HAXONATCA JIBa YHPaRIAOIHX
nprsona, ¢ = (M/N)= 2. [Ipeanmononum, aro xaskuas
lfapa 9THX HPHBOJOB CBABAHA € NEPBRIMI  JIBYMS
NAPHUPAMY, CTIHTas OT OCHOBAHUA. Y paBHemue
spamenust (1) 6ypmer surasgers caenayiommM  ob-
pasom:

$=n$=0"$" L oPeP + .. £ olgd

e i = 4, 2 nan 3.
ITpu pemennu npsmoit 3agaum 3amaeTcs mecTs
BXOIHBIX BO3REHCTBHI 01, .V, 0?, m,®, o,

231

(13)



232

Henonuoimessisit opzan (anamgupma )

o~

Dur. 2.

we® 1 Ae00XOAUMO ONPEJICHRTE 10 uernipe (M —g=—
= 4) HeM3BECTHBIX CKAaJAPHHX Kodxddumumenta mis
KKI0H M3 NAPaJJIeNbHBIX Hemouek ™, oy, m®),
we¢(V). YpapreHue (3) 3aummercs cieqyKImuM obpa-
30M:

1 T
1y r M’ A
$1 (1)"55)1‘) o
1 T
) )
Wy e Yoz
$2(1)o$:712) oL
1 T
2) 2)
w o (T i) $ ]
L s, m-g(:l) o
< @ > = 1 s(z’r { $] (14)
wy o el o2
$,0s0 e
1 T
(3) 3)
w TR TR $ 1
| sl (3)-5231) o
1 T
(3) )
“2 §, g0 $52
J L 2 o2 J

[osopor $, coorsercrsylomuii MrHOBEHHOMY mepe-
MEIeHUI0 HCIOJNHUTeNbHOI0 OpPTaHa, MOMKHO IIpefi-
CTABUTH B CJAEYIOIEM BRIe:

$=08= ()R, + 0f'R,) + (w'R, + e+
+ (IR + wSJ)Ré) 3s)

Yaursisas yenosue oTHeAbHBIX TOBOPOTOB, npeof-
pasyem ypasuenue (15):

3 2

=1 m=1

(16)

Ypasuenne (16) MOIKHO HOAYYMTH M KaK d9aCTHME
ciyqdain ypasnenns (11) npy N =3 n g = 2. Io
03HAYAELT, YTO TOBOPOT §3, npeacrasasonui coboi
MIHOBeHHOE ITIepeMeIeHHe WCIONHATeNbHOTO Opra-
Ha, paseH CyMMe BCeX IIeCTH OTHeJbHBX II0BOPOTOB.

ITpu pewennn oGparHoH 3amadm, KOTNa H3BECTEH

pe3ymLTUPYIOIMIA TOBOPOT $, IIECTh HEM3BECTHHIX
BXOAHbIX BodgeficTeuit 01 u . MomuHO ompepe-
JnTh u3 ypasnenus (12)npum = 1,2ui =1, 2,3,
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