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KPATKAA UCTOPUYECKAS CIIPABKA

SIBneHne KpYTUIBHBIX KoJeOaHWil BHepBeie omucano bayspom B 1900
rofay.

B 1902 r. 'tom6ens 1 ®pam omucanu aBa ciiydas IOJOMKH KOJIEHYATOTO
Baja Ha Iapoxojax.

®pam wuccienoBag MNPUYUHBI TOJOMKM Ha TOp3HOMETpe (T.e. Ha mHpuodope
JUISL  3allUCH  KPYTSIIEro MOMEHTAa CHUJIOBOM mapoBoil yctaHOBKM Mkp.). OH
CYILIECTBEHHO YBEJIWYWJI MAcIITad M3MEPEHHUs MOMEHTAa M OOpaTwil BHUMaHUE Ha
HaJu4Yue MEePUOJAUYECKUX KOJeOaHUM pe3yJIbTUPYIONIICH COCTaBJISIONICH MOMEHTA.
[IpakTnyecku UM  BIepBble OblIa  CAENlaHa  3alUCh YIPYTUX KOJeOaHHit
BaJIONPOBO/AA, T.€. €r0 KPYTHIIbHBIX KOJIEOAHUH.

B 1905 r. mpod. Tumomenko C. Il. mumer crateto: «K Bompocy o
ABJICHUSIX PE30HAHCA B BaJIax », B KOTOPON PaCCMOTPEHBI OCHOBHBIE MOJIOKEHUS O
OpUpoe TMONEPEUHbIX YHPYrux KosieOaHuil BaJompoBOAa IMOJA BO3JEHCTBHEM
MPUJIOKEHHBIX K HEMY KPYTSIIUX MOMEHTOB.

1912 r. - T'toMGenp BrepBBIC JAeNIaeT MPOCTEUIIUN pacyer.

B cBa3M c mosBiIeHHMEM OOJIBIIOTO  KOJMYECTBA MHOTOLMIJIMHIPOBBIX
JIBUTATEJIE BHYTPEHHEIO CrOpaHMsl pEe3KO YBEIMYMWIUCh aBapuu JUIMHHBIX
BaJIONPOBOJOB (HA CYJ0BBIX CHJIOBBIX YCTAHOBKAX).

B 1916 r. mnosBuics oauH U3 MEPBBIX NPUOOPOB I SKCHEPUMEHTAIBHOIO
HCCIEIOBAHUSI KPYTHIBHBIX KoJieOaHui, npeioxkeHHbl [elirepom (Geiger).

KonmdectBo paboT, MOCBSAMIEHHBIX KPYTWJIBHBIM  KOJCOAHUSAM, PE3KO
BO3pacTaeT. ITo TpyAbl Xoubliepa, Bumiepa u Tomne (1921 r.), JIstouca (1925 1.),
Tepckux B.I1.(1930 r.).

Tpyner B.II. Tepckux « Meron IenmHbIX ApoOed » MPaKTHYECKU TMOABETU
TEOPETUYECKYI0 0a3y MO/ pacyeT CIOXKHBIX M Pa3BETBICHHBIX BaJOMPOBOB,
MPUMEHSIIOLIUXCS B SKCILTyaTalUu.

B nmepuon 1953 ...1955 rr. - u3natorca « PacueTsl KpyTUIBHBIX KOJI€OAHUUN
CUJIOBBIX YCTAaHOBOK» TIOJ aBTOPCTBOM Tepckux. PacueTsl Ha KpyTUIIbHBIE
KojeOaHusl CTaiu OO0sA3aTENIbHBIMUA TPU TMPOEKTUPOBAHUU CYAOBBIX CHIIOBBIX
ycTaHOBOK. [ToloMKH BajompoBOAOB M CBS3aHHAS ¢ HUMHU aBapUUHOCTH Ha (IIoTe
noria Ha yObuTb. B HacTosIee BpemMsi OHU — PEIKOE SIBIICHHE.

JlBurarenb BHYTPEHHETO CrOpaHMsl SIBISIETCS COCTABHOM YacThlO JIOOOH
CUJIOBOM ycTaHOBKHU. B cynoBoii cunoBoit ycranoBke (CCY) nuszenb cOeIUHSIETCS C
noTpeduTeseM (BUHTOM) MpPHU TMOMOIIM JUIMHHBIX BaJIOMPOBOJOB, KaK IPaBUIIO,
SBJISIIOIMXCA COCTaBHBIMU. B au3enb-reHepaTropax JBHUraTellib COEIUHEH C
nomoiplo My(dThl ¢ reHepatopoMm. Ilpu »TOM aBUTraTENb MPEACTABISET COOOI
MaIIMHy HUKIMYECKOro JNEHCTBUSA U MO3TOMY SIBISIETCS UCTOYHHUKOM BHUOpaIuu H
paznuyHOro poja KosneOaHui (KpyTWIbHBIC, HW3TUOHBIE) Y3JI0B U JCTalleH,
CBSI3aHHBIX C HUM B OJTHOM YCTaHOBKE.

Ocobennocteio CCY 3akmroyaeTcss B TOM, YTO OHA HUMEET OOJBIIYIO JUIUHY
BAJIONIPOBO/IA W 3HAYWUTEIIbHBIE MOMEHTHl HMHEPIMU COCPEIOTOYEHHBIX Macc,
COEIMHEHHBIX MEX]Ty COOOM NITMHHBIMHU YYaCTKAMH Bajia ¢ MaJlO MOJaTIMBOCTHIO.



B npouiecce paGoThl 1BUraTeNs pa3iMyHble yYaCTKU JMHUM BaJIONPOBOJIA, B TOM
YUCJIE U KOJICHA KOJIEHYATOI 0 BaJla, HArpy>KarTCsA CUJIAMU U MOMEHTaMU
HeoauHakoBo. [ToaTroMy nipu pacuerax Ha IPOYHOCTH IPUXOAUTHCS PELIAThH
BOIMPOCHI, CBSI3aHHBIE C ONpezesieHueM Hanloliee Harpy>KeHHOr0 y4acTKa JTMHUU
BAJIOIIPOBO/IA, CWJI U MOMEHTOB KaK 110 JUIMHE Baja, TAK U BO BPEMEHHU.

B dopcupoBaHHbIX 1BUTATENSAX IPOBEPOUYHBIE PACUETHI POBOJATCS C YUETOM
KPYTUIIBbHBIX KOJICOAHU.

Teopust KpyTHIIBHBIX KOJeOaHU 6a3UpyeTCs HA CIEYIONINX NOHATUAX
OIPENEIICHUSAX:

- CBOOOJIHBIMH WJIH COOCTBEHHBIMHU KOJICOAHUSIMH YIIPYTON CUCTEMbI HA3bIBAIOTCSI
KojcOaHMs, BO3HHMKAIONIME B HEW B  pe3ylbTare pPE3KOro  CHATHUSA
nehopMHpYIOIEH e¢ BHEIIHCH HAarpy3KH WM BCIICJICTBHE NMPUIOKEHUS K HEH
Harpy3KH; eciid Obl CONMPOTHUBJICHUE ABMKEHUIO OTCYTCTBOBAJIO, TO CBOOOJHBIC
KoJie0aHUs TOJHKHBI ObLITM OBl COBEPIIATHCSI OECKOHEUHO J0JITO.

- BuiHyX7AeHHBIE  KOJebaHWS — 3TO  KoyueOaHUS  yOPYroll  CHUCTEMBI,
YCTaHOBUBIIMECA IO BO3ACHCTBUEM IIEPUOJIUYECKOr0  BO3MYLIAIOLIETO
MOMEHTA;

- UHTepBam  BpeMEHHM TMONHOTO IHMKJIA KOJICOAHWN HAa3bIBACTCS MEPHUOIOM
konebanuii (T);

- OOparHass mepuoay BeJIWYMHA HA3BIBACTCAd 4YacTOToW kosebanuit (f), st
BpaIAIOIINXCS JIeTajie BBOAMUTCS TOHSITHE KPYTOBOM YacTOTHI KOJIeOAHUI

(=27 f);

- KpytwibHasg  KECTKOCTh ydYacTKa Bajla  XapaKTEpU3yeTCsi  MOMEHTOM,
HEOOXOIUMBIM JIJIs1 3aKPYTKU €T0 Ha yToJl B OJMH PaJIuaH;

- TlomaTnuBOCTh y4acTKa Bajia SIBISIETCS BEIMYUHON 0OPATHON KECTKOCTH;

- Pe3oHaHCHOW 4YacTOTOW Ha3bIBaeTCs 4YacTOTa BBIHYKJICHHBIX KOJICOAHUH,
COBIIAJIAIOIIAS C YaCTOTOM COOCTBEHHBIX KOJIEOAHUM CHUCTEMBI.

Pacuets! BanmonipoBosioB CCY U IHU3€0b-reHEPATOPHBIX YCTAHOBOK HA
KpYTHIbHbIE KOJI€OaHHs BeCbMa TpyJ0eMKHU. C LEIbI0 yIPOILIEHUS PaCUeTOB
peanbHyI0 KPYTHIIbHYIO CUCTEMY IPUBOJAT K 3KBUBAJICHTHOM CUCTEME
(ympoieHHo#). B 5KBUBaJIGHTHOM CUCTEME YaCTOThI U (POPMBI KOJIEOAaHUHN JOTKHBI
COBIAAATh, /ISl ATOFO MOMEHTBI HHEPLIMHM COCPETOTOUECHHBIX MacC 3KBUBAJIEHTHON
CUCTEMBI JIOJKHBI ObITh paBHbI MOMEHTAM HHEPLIMH COCPEJOTOUYEHHBIX MaccC
pEaJIbHOTO BAJIOIPOBO/A U COOTBETCTBEHHO JOHKHO OBITh O0ECIIEUEHO PAaBEHCTBO
KECTKOCTEN y4acCTKOB.



JIEKITHA 1
OBILLUE TTOHSITHS O KPYTUIBHBIX KOJEBAHUSX

JItoboe ympyroe Teno, obOiajaroliee Maccod, MPU  BBIBOJAE €ro  u3
PAaBHOBECHOT'O COCTOSIHUSL W, Jajiee, IpeloCTaBiIeHHOe camoMy cebe, COBepIlaeT
KojebaTenbHOe JBMIKEHHWE C OINPEACIICHHBIM MEepUoAOM KosebaHud 7T ¢
4acTOTOU
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Puc.1. Cxema 2-x MaccoBOM KPYTHJIBHOW CUCTEMBI

Kpyrsmmii moment M Ha jyinHe [ BBI30OBET 3aKPYyTKy Baja
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J -G Vs .
Iie c = ”Z— - JKECTKOCTb Bana, J , = B ! — NONAPHBIA MOMEHT HMHEPLUH
cedyeHHsl Basia (MOJ] >KECTKOCThIO MOHMMAETCS MOMEHT, BBI3bIBAIOIIUNA 3aKPYTKY
B | panuan).

HYCTI) II0 KOHOaM BaJla pasMCIICHbI AUCKHM C MAaCCOBBIMM MOMCHTAMU
R
HHCPIHUHU OTHOCHUTCIBHO OCH Ballda Jl )51 J2, KI' M

J=my”.



MoOMEHT HHepIHH CaMOoro Bajia [0 CPAaBHEHHIO C MOMEHTaMU MHEPIHH
TuckoB J, u J,, Kak MpaBWIIO, MPEHEOPEIKUMO MaJl.

HpeI[HOJ'IO)KI/IM, dqTO0 AUCKM HW BaJl BbBIBECACHBI M3 COCTOSAHUS PaBHOBCCHUSA
IMIyTCM 3aKpyYTKHM BaJla BHCIIHHUM MOMCHTOM. ITocne IMPCKpPaAlICHUA I[CﬁCTBHH
9TOTr0 MOMCHTA BaJl U JUCKH 6YI[YT COBCpIIATH KoJieOaTeIbHOE JABHMXXCHHC.

HYCTI) B I[&HHBIﬁ MOMCHT YIJIOBBIC CMCHICHHUA OUCKOB 6y,ZLYT ¢1 )41

@, (mokasaHel Ha puc.l), a 3aKkpyTKa Bajma B TOUKe A P=0.-Q,

CrnenoBaresibHO, KPYTAIIME MOMEHTBHI CHJI YIPYTOCTH

Ha JICBOM YacTH BaJia M .= C(CDZ ~ (01)

Ha npasoii yactu Bama /[ ZZC(¢1_§02)

KpyTsmpe MOMEHTBI CHJI MHEPLUHHM IHUCKOB

2
2
JIM 7 d Q
dt u 2 dt

yp ABHCHHA AWMHAMHUYCCKOI'O PAaBHOBCCHUA

do,
dt”

do,
dt”

OOwmuMii MHTErpa CUCTEMBI YPaBHEHUN UMEET BUJ

c(gpz—gpl) =/
(1)
C(¢1_¢2) =,

Q= A, sin(a)t + a)
Q,= A, sin(wr +a), (2)

rae & — ($azoBblii| yrou.

Pemaem (1) noacraHoBKoi MpeoOpa30BaHHOIO BhIpakeHUs (2)

d o,
dt’

:—Ala)zsin( ot + a)
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d o,

2= - A, sin( ot +a) (4)
dt

ITonctaBum (3) u (4) B ypaBHenue (1)

A A, - A)sin(@x +a) = —LAa)z sin(ax + a)

) (5)
C(Al_Az):_IzAza)
[Tocine mpocThIX mpeoOpa3oBaHUl OKOHYATEILHO HMEEM
C(Az_A1)+J1A1a)2: 0
6
C(Al_A2)+J2A2a)2:0 ©)

A
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Otcroia MOXHO ONpeneauTb () W OTHOIICHHE 4 . OTO U €CThb
1
pemenne ypaBHenus (1). 3mauenus A u A, Gepyrcs NpPoU3BOIBLHBIMH.
3nech, @W— Kpyropas 4actora KojeOaHui. Ecam BpeMsi U3MEHUTCS Ha

27
BCIIMYUHY —=T,TO CUCTEMA IIPUACT B COCTOAHHUC, NMCBIICC MCCTO B Ha4dalIc
w

npoMexxyTka Bpemenu T. T-mnepuon kosneOaHuM.

VYron «- (a3oBblil yroi, OH 3aBUCUT OT BbIOOpa MOMEHTa OTCYETa BPEMEHU
U HE BJIMSET Ha XapakTep JABMKEHUS CHUCTEMBI.

A, 1 A4,- aMIIMTYAbl KojleOaHui. OT0 HauOOJNbIINE OTKIOHEHMS IHMCKOB
OT TOJIOKEHUS PABHOBECHSI.

OnpenenuM KpyroByr dYacTtoTy @ . Jlms »sToro 3amuiiemM ypaBHeHue (6) B
BUJIC

Ao -+ A,c=0

(7)
Act A, —0)=0

U COCTaBUM OIPEAEIUTENb JJIs PEIICHHs CUCTEMbI ypaBHEeHUH (7)



D_J10)2_c c
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Pemenue onpenenurensa D: (J, ¢ - o)/, m - c)— Cz =0
WA

I —c,+1) @ =0 (8)

210 YPaBHCHHUC HA3bIBACTCA YPABHCHHUCM 49aCTOT.

2
Onno peuieHue ) =0 O4YCBUIHO, HO B OJOTOM CJIydac HMCET MCECTO
PaBHOBCCHOC II0JIOKCHHC. H03TOMy HNCKIIIOYHUM OTO PCHICHHC.

Bropoe peuienue

:  J+ J,
a) J1J2 .
[ToncTtaBuB 3TO 3HA4YEHHE w B OJHO M3 ypaBHEHUN cucTeMbl (7),
MOJIyYUM
Jl
A2=—AIZ

Ha stom pemiennn ypaBHeHUsi (8) OCHOBaH METOJ  OINpPEAEIEHUS  4YacTOT
koneOanuii, npemnoxxkenusid B.II. Tepckux. DTo yHHMBepcalbHbIH MeTOH (B
dbopMe HETpephIBHOW IEMHON APOOM), MO3BOJSIOMUNA MPUMEHATh €r0 K JIOOBIM
KPYTUJIBHBIM CHUCTEMaM.

Hpyrue Meroasl He 0O0JagalOT 3TUM CBOMCTBOM B moJiHOM Mepe. [loaromy
meTo Tepckux sBISETCSl OCHOBHBIM B 00J1acTH pacyeTa KpYTUJIbHBIX KojeOaHui B

CYAOBLIX BaJIOIIPOBOAAX.



JIEKLIUS 2
O ITIPUBEJIEHUUA JJIOBOM KPYTWJIBHOM CUCTEMBI

K DKBUBAJIEHTHOU PACUETHOM CXEME

Konenuarsiii Basn oOnamaer yHNpyruMd CBOMCTBAMU U HMMEET BBIPAKEHHBIE
MacChl C OIPEACICHHBIMU 3HAYEHUSIMU MOMEHTAMU MHEPUMU. MOXKHO CUHUTATh,
YTO O3TH Maccbl B  BHUAE JHUCKOB  PACIOJIOXKEHBl B  IUIOCKOCTSX,
NEPIEHAUKYJSIPHBIX OCH  KOJIEHYaTOTO Baja M MOPOXOJAIIUX 4Yepe3 OcCh
HWIMHApa. MOMEHT uHepuuu JIACKa  ONpEeNesseTcss CyMMOW MOMEHTOB

MHEPIMU KOPEHHBIX II€eK J, , MIATYHHBIX II€EK J IIEK KPUBOIIHUIIOB J s
4acTM MacChl IIaTyHa (Bpamaroimiyecs) J, W BO3BPAaTHO- IIOCTYIATEIbHO
JBYOKYIIUXCS JI€TaJed IIATYHHO-IIOPIIHEBOM TPYIIbl [ e

Bo3BpaTHO-1I0CTYnaTEIbHO ABMOKYIIINCCA MacCChbl IMPUBOOATCA K ocHu
maTYHHOﬁ IICHKU B BHUAC HpHBGI[GHHOﬁ MacCChbl m » N3 YCJIOBHUA PABCHCTBA

KUHEMAaTUYEeCKOM  DHEpPruM  JACHUCTBUTEIBHOM  MacChl 1M, TOPIIHEBOTO

KoMIUlekTa u 1/3  Macchl mraTyHa, " KUHETUYECKOU OHCPIUHU HpHBCIICHHOﬁ
MacCChbI m e
) 2
e, (Ro)
m g 2 m np 2 5
rne R — pagmyc kpusommma, (V) — gacToTa BpalleHHs KOJEHYATOro BaJa,

Cn — CpCAHAA CKOPOCTH ITOPIIHA, sn

Cn_g.

Torma, MOMEHT HMHEPUMM OT BO3BPATHO - NOCTYMNATENbHO JABUKYIIMXCS
JIETAJIEN ONPENEISIETCS KaK
2
Jﬂ = m np R
Onpenenenne MOMEHTOB 1503 (570100707 IeeK, IIEK 151 IPpYTUX
MPUCOCINHUTEIIBHBIX ~ MAacC  MNPOU3BOAUTCA IO  HW3BECTHBIM  YIPOIIECHHBIM

dopmynam:

a) 1S KPYIJIOro ceueHus (JUist 1IeeK) J=2mr -
|
i
V/I/AV////A
! !
>
0) 111 MaxoBHKa J= m(r2 + i hz) .
R
+—Pp <+

J:m(r2+%d2) :

B) IS Konﬁua



) 2 2
I ) ISl IPSIMOYTOJIBHOW IEKU J=mritm.r, -
(Bpamiaromnmecs Macchl MIEKU PACIIOIOKEHBI IO 00€ CTOPOHBI OCH
KOPEHHOM IIEHKN)

=

-

N\

NN
N

( Toukamu 0003HAYEHBI LIEHTPHl TSHKECTH COOTBETCTBYIOHMIMX (UTYP, MACCHI
OIPEACIAITCA, UCXOAA U3 Pa3MEpOB DJIEMEHTOB M IUIOTHOCTU MaTepuala.
Takum 00pazoM, CymMMapHbIi MOMEHT KOJIEHYATOrO Baja ONpPENETUTCS Kak

J =Tt Juwt Tt I
rac JK - MOMCHT MHCPpIHUHN KOpeHHOﬁ I]ICI\/JIKI/I;
JIII - MOMCHT MHCPIUHU HIaTYHHOﬁ HICI>'IKI/I;
J B - MOMCHT HHCPpUHH Bp&H.IElIOIJ.[GfICH MacCChI IIaTyHa,

Ju - moment MHEPIMU BO3BPATHO-MOCTYNATEIBHO JBUKYIIUXCS MACC;
(3mech Macca KOpPEHHOM IIEWKHM COCTOMT W3 JBYX 4YacTeH, cpaBa MU Cl€Ba OT
OCH IIWIIMHAPA TPU CUMMETPUYHON pa30MBKE KOJEHYATOTO Basa).

Jlns ompeneneHuss *KECTKOCTH KOJEHYATOro Baja MEXAY OCAMHM LMJIMHAPOB
(na paccrosHuu [ ) ucxomar us (GpOpPMyIIbL:

_Jr-G
—

YacTto HCIONB3YIOT M3BECTHYIO (POPMYITy, YUHTHIBAIOIIYIO Jaxe AchOpMAaIIHIO
IIEK MPU U3rHoe:

c

1 5 || a+0.9b R [+0.9b
e=-=1.2310 ||~ o +0.89 — | K+—7—
dl N 51 bh d - 5
rIe € - MOJaTIMBOCTh YYacCTKa;
a,l _ JUTMHA KPUBOIIUITHON U KOPEHHOM IIIEeK;
d,>d - COOTBETCTBEHHO HAPY’KHBIE AUAMETPHI ITHX IIEEK;

OO - COOTBETCTBEHHO BHYTPEHHHUE TUAMETPhI 3TUX LIEK;



b - TOJIIIWHA IICK,

h - IIMPHUHA MEKU (IEPTIICHANKYJIIPHO TUIOCKOCTH KPUBOIIIHIIA);
K - xoaddumuenr,

K:0.97—0.3-(£—0.9)—0.001-D-[4—£j.
D D
anee, onpenensroT NPUBEACHHYIO [JIMHY Y4YacTKOB Baja MEXIy JIHCKAMMU,
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IJIC B KAYeCTBE (f  , MPUHUMAIOT JUAMETP KOPEHHOMW HICHKH.

B xoHEeuHOM HUTOTe MPECTABISIOT PACUETHYIO KPYTHUIBHYIO CXEMY, HaIpuMep,
JUIs1 4-X MUJIMHIPOBOTO IJIaBHOTO AU3eNs, pad0TaloIIero HeMOCPEICTBEHHO Ha BUHT
(cm.puc. 2). Ilpu oaMHAKOBOM AMAMETpPE PACCTOSHUS MEXKIY IUCKaMu OyIyT
paziuuHbIMU.  MHOroMaccoByrd  CHUCTEMY YIPOIIAKT MyTeM OO0beAUHEHUS
MaxoBbIx Macc (cMm. puc. 3). [lpu Takoil 3aMeHe MOTrPEeUIHOCTh B OINPEIACICHUU
aMIUTUTY U 4aCTOT COCTABUT BEIUUUHY ~ 3...4%.

Puc. 2. PacueTHas kpyTWibHas cxema
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Puc. 3. YopouenHass pacueTHas pacyeTHas cxema



JIEKIINA 3
MCTOYHUKHU BBIHY ) KJIEHHBIX KOJJEBAHUN

TaHreHUuuanbHbIE CUJIBI OT JABJICHHS ra30B HA MOPLIEHb W CUJIBI UHEPIUU
BO3BPAaTHO-MIOCTYNATEIBbHO JABWKYIIMXCS 4YacTed, MPUIOKEHHBIE K IMIATyYHHOU
(MOTBUIEBOM) IIEHKE, SBIAIOTCS OCHOBHBIM HCTOYHMKOM BO3MYIIICHUH B
KPYTWJIBHOM CHUCTEME.

KpyTsamuniik MOMEHT M3MEHSETCs M0 NMEPUOINYECKOW KPHUBOM, CIEHOBATEIBHO,
€ro MO>XHO IIPEACTAaBUTH B BHUJIE psiaa Dypre:

M=M.+M, (a)t+a1)+M 2sin(2><a)t+ag2)+...+M nsin(nxsinatwtan),

rae s 2 -X TaKTHOTO JBUTAaTeNis ()  COOTBETCTBYET YACTOTE BpaIlCHUS
KOJICHYATOTO Bajia, I 4-X TAKTHOTO - TIOJIOBUHE YaCTOTHI BPAIICHUS.

Takoe pasnmokeHHE Ha3bIBACTCS TapMOHHYECKHMM aHAM30M  KPYTSIIETO
MOMEHTA JIBUTaTelIsl (CM. puc. 4).

C yBesqMueHHEM NOpPsAAKAa FAPMOHUKM €e aMIuuTyna Jf pPe3sko yMeHbLIaeTcs.

Haubonee cuibHOE BIMSHUE Ha pPa3BUTHUE KPYTUIBHBIX KOJEOAHU OKa3bIBAIOT
rapMoHukH 110 8...10 nopska.

Pabounii mponecc ABUratesns MEPUOAUYECKH BO3ACHCTBYET uepe3 KpyTALIUH
MOMEHT Ha KOJICHYaThIi Baj. DTOT MOMEHT U COOOIAET BaJly UMITYJIbChI, KOTOPbIE
MOTYT BbI3BaTh COOCTBEHHbIE (KpYTHIIbHBIE) KoseOanus Basia. [Ipu coBnagenuu uimu
KPaTHOCTH KOJE€OaHUd MOMeHTa  )f, YacToTaM ) ,¢p,..» », HAYMHAET

pa3BuBaThCsi  (YBEIMYMBATHCS)  aMIUIUTY]Ia COOCTBEHHBIX  KOJICOaHMUIA.
TeopeTrdecky MpU PE30HAHCE aMIUIUTY]IbI COOCTBEHHBIX KOJICOAHUN BO3paCTarOT
HEOTPAaHUYEHHO BIUIOTH JI0 TMOJIOMKH Bajla B COOTBETCTBYIOIIUX Yy3j1aX TOW WJIU
uHOM (opmbl KoneOaHUM, aJii KOTOPOM HMEET MECTO COBMAJICHHE YaCTOTHI
BO3MYUIEHUSI U COOCTBEHHOM.

[ToHsITHO, YTO BO3pAacCTaHUE aAMILTUTY OyAET MPOUCXOAUTh TAKKE U B Cllydae, Korja
NEPUOJT KPYTSIMIET0 MOMEHTa B Iefioe (KpaTHOE) 4Yucio pa3 Ooiblie Tepuoja
cOOCTBEHHBIX (CBOOOAHBIX) KOJICOAHUH.

60
[TpoaomKUTEeTLHOCT OJTHOTO 00opoTa ~—, c. Ileproa U3MEHEHHS KPYTSIIETO
n

i 60 .
MOMeHTa [ = 5 -— (3aech ! - TaKTHOCTH ABUTATENS, 2 WU 4).
n

Torma, mexny [ u NEPUOJIOM CBOOOJHBIX KOJIEOAHUN OJHOM M3 KPYIrOBBIX
4acTOT CBOOOHBIX KOJNEOAHUH 7' ONAaCHOCTh BO3PACTAHUS aMILIUTY]] KOJICOaHMi

BO3HHUKHET IpH 7 =¢ , re k >0 (060 nenoe uncno).

DTO ypaBHEHHUE OIpeAeNseT YCIOBHME pE30HAaHCAa W3-3a COBHAJACHUS WIIU
KPaTHOCTH YaCTOThI BO3MYILIEHUsI C OJIHOM U3 P ¢GopM CBOOOJHBIX KOJIEOAHUH.
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Puc.4. CocraBnsromye rapMOHHAKY yAEIbHOW TAHT€HIIUAIBHOM CUbl T
4-X TaKTHOTO AU3EIIA

['0BOpPAT, YTO NPU HACTYIUIEHUM COOBITUS [T, =¢ WMEET MECTO PE3OHAHC K-TO

nopsiika (110 OTHOLICHHUIO MEPUOTIOB ) m p-ii crenenn (10 MOPSIKOBOMY
T,
HOMEpY KOJICOaHU# MK 110 YUCITY Y3JIOB, KOTOPOMY COOTBETCTBYET IIEPHOI T, ).

Wrak, ycnoBue pe3oHaHca
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Kaxoii yactore cBoGOAHBIX Koyebanuit () p COOTBETCTBYET 4YacTOTa
9 KOJl

KOJeOaHWil B MUHYTY NP{—} (s omHoy3iaoBEIX P =1, mus 2*-y310BBIX
MUH

P=2wutn)
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OKkoHYATEJIbHO, YCJIOBHE PE30HAHCA
k:2-30:30-z - NP:k2
Np n n I

YHucno pasnuyHbIx )\, PaBHO m—1, rne M — 4KcI0 Macc B KPyTHIILHOM

CHUCTEME.
Yucnao 060poTOB 7, MPH KOTOPOM HUMEET MECTO PE30HAHC k -20 TOPSAIKA JUIS
P - y3zn060ti  hopmbl KonebaHUl HOCUT Ha3BaHUE PE3OHAHCHBIX WIIM KPUTUYECKHX.
Takum o0Opazom, KkosjeOaHus, MPU KOTOPHIX HA Bajl JECUCTBYIOT HE TOJIBKO
BHYTPECHHHE, HO ¥ BHEIITHUE MOMEHTHI, HA3bIBAIOTCS BRIHYKJICHHBIMH.
[Tpu KpyTHIBHBIX KOJCOAHUSIX JACUCTBYIOT B BaJIe COMPOTHUBIICHUS, CHUKAIOIIUE
aMILIATY 1y KOJICOaHHIA:
- yOpyTUH THCTEpE3UC (TpEeHUE MEXKIY MOJICKYIaMH);
- TpeHHUE B MOAMIUITHUKAX;
- TpEHHE O BO3IYyX;
- nemndupoBaHUE TPEOHOIO BUHTA.
Bo3MOXHBI Takke W JPYrue CONPOTUBICHHUS, BHOCHMBIE CIEIHAIbHBIMU
KOHCTPYKITUSIMU C IIEIBIO TallleHUs! KPYTUIBHBIX KOJICOAHHIA.

CIIOCObbI CHIDKEHWA AMIIIATY bl
KPYTUJIBHBIX KOJIEBAHNUN

a) MasSTHUKOBBIN aHTHBUOPATOP (IUHAMUYECKUNA eMIiep)

A

Puc.5. Cxema MasTHUKOBOTrO aHTHBHOpaTOpa

IIpy koneGaHuAX Bajna Koinebmerca . MasTHUK A ¥ 0COGEHHO CHIBHO IIpH
KaKoM-TH0O pe30HaHCEe, Ha KOTOPBIH  3TOT MAsTHUK HACTPOEH IMyTeM MOJa00pa
pasmepoB. Konebanuss HACTpOEHHOTO MasTHUKA W3MEHSIOT JUHAMUYECKUE



CBOMCTBAa CHUCTEMbl M YJIAETCS AOCTUYH ATHUM TIPOCTHIM PEUICHUEM XOPOIIUX
pe3yIbTaTOB.

CyurHocTh JEHCTBUS B TOM, YTO OH KOJIEOJETCS C TOM YacTOTOM, KoTopas
COOTBETCTBYET ONACHOMY pe3oHaHcy. llpum 3ToM B MecTe MNpUCOEAMHEHUS
aHTUBUOpAaTOpa BO3HUKACT KPYTAIIMA MOMEHT, NTPWIOKEHHBI K Baly HU B
pesyibTaTe B ITOM MECTE€ CO3[aeTcs y3ed KoyieOaHui, YTO PaBHOCWIHHO
MIOCTAHOBKE B 3TOM MecTe OeCKOHEUHO 00JibiIoi Macchl. Pesonanc ycrpansiercs. Ha
puc.6 TOKa3aHO YCTPOMCTBO HauOOJ€e 4YacTO MPUMEHSIEMOTO MAasiTHUKOBOTO
aHTUBHOpaTOpA.

Puc.6. KoHCTpyKIHsI MassTHUKOBOIO aHTUBHOpaTopa

0) nemmndepbl CyXOro U *KUJIKOCTHOTO TPEHUS

JleiicTBUE 3TUX YCTPOWCTB OCHOBAHO HA PACCEMBAHUMU SHEPIUM KojeOaHWi 3a
CYET CHJI CyXOI'o WJIM THJpaBiIudeckoro Tpeuus. Ilosromy oTinuuue B paboTe 3THUX
neMI(EpoB CBA3AHO C peanu3alyeil pa3IuuHbIX BUJOB TPEHUSL.

Hemndep cyxoro TpeHust mpeicraBiieH Ha puc.7. Hapyxusle nepudepuiinsie
JUCKH CTATMBAIOTCS C IIOMOLIBIO MOIIHBIX IPY>KMH OTHOCUTEIBHO JKECTKO
nocaxeHHoro Ha Bain jgucka. KoneOaHus HapyXHBIX JMCKOB BBI3bIBAIOT HX
nepeMenieHle, 4YTO U MPUBOJAUT K JUCCUIMPOBAHUIO HSHEPrUU KoyeOaHU U
COOTBETCTBYIOLLEMY CHUKECHUIO aMIUTUTYJbI  KOJIeOaHUI. YceTpoicTBO
YCTaHABIIMBAETCA B MECTE€ MAKCHUMAJIBHOTO Pa3BUTHUSA aMIUIMTYJ COOTBETCTBYIOLIEH
¢dbopMbI KOTeOaHU.

B pemndepe XuIKOCTHOrO TpeHUs (CM. pHC. 8) MaxXxOBUK CBSI3aH C JKECTKO

CHUIAIICEM Ha BaJIC K CCKOIro TpCHHUA B
TOHKOM CJIO€ CHIIHUF o HM U KOPITYCOM.
—

UepHbIM 1IBETOM Ha . OddekTt cBsa3zan
C JUCCUITUPOBAHUEN YOTBETCTBYIOIUM
CHUKEHUEM aMHJ'II/ITj_g -

I
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Puc.7. Ilemndep cyxoro TpeHus

N E

Puc.8. Jlemnep KuaKoCTHOTO TpeHUS

B) BBEJICHUE B CUCTEMY HEIMHEINHON My (PThI
(wm npy)XUHHOTO JAeMrdepa )

Peun unmer 06 ycTaHOBKE 3J€MEHTa, CIIOCOOHOTO M3MEHATH CBOKO KECTKOCTh B
3aBUCUMOCTH OT aMIUIMTYJsl KojeObanuii. Ilpu ycTaHoBIeHMH pe30HAHCa
aMIUIMTYJ1a PacTeT M MU3MEHSETCA JKECTKOCThb. lIpm »TOM Hapymaercs ycioBue
pe3oHaHca. A, b — COOTBETCTBEHHO HAPYHbII U BHYTPEHHU BaJIbl.

1 noayLlWwKa

NNacTUHYaTkIe
peccopel

Puc.9. Ilpyxunnsiii nemmndep
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Puc. 10. Ilpyxxunnsiii nemndep dupmst MAH

r) JApyrUe MyTHU CHUKEHUS aMIUTUTYIbl KDY TUIIbHBIX KoJieOaHU

B03MOXHBI KOHCTPYKTHBHBIC PEIICHHS] 3aJaud 10 CHIDKEHUIO aMIUTUTYIbI
KpyTHIbHBIX KoseOanuii B CCY:

1. M3meneHne pa3mepoB Bajla U Macc;
2. BpIOOp 3aKJIMHKH KPUBOILIUIIOB U MOPs/IKa pabOThl HUIUHAPOB;
3. BbIOOp uncna UMIMHIPOB U UX PACIIOIOKEHNUE.

Ha puc. 11 mnoka3zanbl KpHUBBIE aMIUIUTYJ MEPBOM MacChl CHUCTEMbI JjIs
OJIHOY3JI0BO# (hOpMBI KoJeOaHHH 6-TH IUIHHIPOBOrO 4" -TaKTHOTO IU3€EIS.

Kak BusmHO U3 pucyHKa, HanboJiee CUIIBHBIM SIBISIETCS PE30HAHC ¢ TAPMOHUKOMN
6-ro mopsiKa Ipu U3MEHEHUH 4acTOThI BpamieHus ot 105 go 220 o6/MuH.

[Ipu pe3oHaHce B BaJIOMPOBOJIE BO3HUKAIOT JOMOJHUTEIbHBIE HAIMPSKEHUS
Kpy4eHus. [l BanonpoBogoB <+ @ONI]q » AL KOJCHIATHIX BAJIOB

r.. <*¥30M[lq - Ecmu  [OTONHUTENbHBIC  HANPSDKCHUS  MPEBOCXOIST

JIOIyCKaeMble HANpsDKEHUsS 11 KOHKPETHOrO Marepuana, TO MPUXOIUTCS
yCTaHaBJIMBATh  3alPETHYIO 30HY 4Kcesl O00OpPOTOB JUIsl JaHHOTO PE30HAHCA.
3anpeTrHas 30HA HE JOJKHA HAXOJUTHCSA B IMpejenax padodunx o00pOTOB .
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Puc.11. KpuBble aMIuutyJ 0JlHOY3/10BOM (hOpMbI KOJeOaHuit 6-tu
LUIMHIPOBOrO 4" -TaKTHOIO JAU3EIs.

ITpu mycke miaM OCTaHOBKE JABMUIaTelNsl ATY 30HY CIEAyeT MPOXOIUTh OBbICTpO,
4TOOBI TOJHAsl BEJIMYMHA aMIUIMTYZbl HE cMorjia pa3BuThes. [lomMmumo omacHOCTH
IOJIOMKM KOJIEHYaTOro BajJa IPU PE3OHAHCE pPACLIATBIBAIOTCS  OOJTOBBIE,
LINIOHOYHBIE U APYTHE COCAUHEHUS JIMHUM BaJja.

YcTpanuTh U3 pabodero Juano30Ha 4acToOT 3alPETHYIO 30HY MOXKHO, HallpuMep,
yTeM IPUMEHEHUs Aemidepa.

O¢ddexTHBHOCTP TPHUMEHEHUsT MNPYKMHHOTO JeMmidepa, yCTaHOBICHHOTO Ha
HOCKE KOJIEHYATOr0 Baja IIOKa3aHa Ha puc.12.
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Puc.12. AMOnuTy il pe30HaHCHBIX KOJieOaHUN Ha CBOOOIHOM
KOHIIE Bajia 0-TH LUWJIMHIPOBOTO AM3ENA C JeMipepoM
u 6e3 nemmdepa.
[Ipu ycraHoBKe qu3ensi Ha CYJHO 00S3aTeNbHOM SBISETCA DKCIEPUMEHTANIbHAS
IIpOBEpKa JIMHUU BAJIONPOBOJIA HA KPYTUJIbHBIE KOJIEOAHUS.



JEKLUS 4

OIPEJIEJIEHUE YACTOT KPYTUJIbHBIX KOJJEBAHUI

Ha puc.13 npencrapiena SKBUBaJ€HTHAs cxeMa (pacueTHasi) cxema KpyTHIbHON
CHUCTEMBI.

Jo T, J, o I
o 0 O o O
o O a o O

Puc.13. DkBuBajeHTHasi cxeMa KpyTUIbHON CUCTEMBI.

PaccmoTpuMm AMHAMHUYECKOE PaBHOBECHE KAXKJIOrO JHMCKa , HauuWHas ¢ l-ro, a
JIECTBHE OTOPOIIEHHON MpaBOM YacTH 3aMEHMM MOMEHTaMU YNPYTHX CHJI Ha
JaHHOM y4acTke Baia. [losryunm cucremy u3 m-—1 ypaBHEHHU

do_ (.
J dl‘z Cl(¢z ¢1) 0
de, de. (.
J1 dtz +Jz dtz 2( 3 qu) 0
B )
d2 ¢1 dz(pz ..................... d .2..(.0”1_1 _ _ :
Jl dtz +J2 dtz RRE +Jm—1 dtz Cm_l((pm ¢m,l) 0

CrnenyeT cOCTaBUTH €Ille OJJHO YpaBHEHHE (MCXOMS U3 TOTO, YTO CyMMa BCeX
MOMEHTOB UHEPIIMHU PaBHA HYJIIO)

do, ,de. . de,
i i ot J, a5 (10)

J +J,



OOt uHTErpa CUCTEMBI U3 m — ypaBHeHu# (8) u (10)

Q. = A,sin(wt—i—a) (11)

[Tocne noacranoBku ¢yHkuuu (11) B ypaBuenue (9) u (10) u cokparieHus
00I1ero MHOXKHTENS sin (a)t + a)

MOJIyYUM:

Al(Jla)z_C1)+ AzC1 = O
AJo' + Ao -c) 4,60

............................................................................ (12)

Cucrema ypaBHenuii (12) COCTOUT M3 JIMHEWHBIX YPaBHEHU OTHOCHUTEIHHO
A .. YcnoBueM [uist COBMECTHOTO PELICHHUS TAaKOW CHCTEMBI SBILIETCS PABEHCTBO

HYJTIO OIPECINTENIs, COCTaBICHHOr0 U3 KO3 (UIMEHTOB ypaBHeHHi Ipu 4 . .

-
| Jo-c C 0 0... 0 5
: 2 2 :
L Jo  Joco & N
.................... 0
2 2
']la) .......... Jma)_C,H Coi




B BepxHeii yacTu onpeneanTesis (00BegeHO MyHKTHUPHBIM
NPSIMOYT0JIbHUKOM) NMpe/ICTaABJIEH paHee HAMH BbIBe/IeHHbIH
onpeaeJuTeNb AJs 2-X MaCCOBOM CHCTEMBI.

HaxoasT pemieHue myTeM MOCIEAOBATEIBHOTO MOA00Opa 3HAYEHUS

OPUHATOM 3HAYCHUN 4 =1.

Eciu @

mpeBpamacTCsa B TOXKACCTBO.

(6]

npu

BbIOpaHa MpPaBWIbHO, TO IOCIEIHEE ypaBHEHUE cucTeMbl (12)

Pemienne yc/i0:KHSIETCS, €CJIM KPYTHJIbHAS CUCTEMA SIBJISIETCS
pa3BeTBJIeHHON (puc.14).

l]1 JZ J3 ‘]mfl ']m
o 0O O o O
2 O a o\

m

Puc.14. Pa3BeTBieHHas KpyTWIbHAs CUCTEMA.

HaunydmM MeToIoM pellieHHs SIBISETCS MeToJ Tepckux (METOH IeMHBIX
npobeii ). OH peann3oBaH Ha cucteMe ypapHend (12) mpu 3Hauenmn 4, =1.

Hanpumep, mis

o0Opazom:

m=4 tnenHas npoOb Tepckux mpeacTaBieHA CIEAYIOIIAM

2
O=.]1a)

&

2

J.

é

2
J:

1 1

2 2
a-J.a & J.o

(13)



Buemnsis ¢popma npobeit moBTOpSET cXxeMy KpyTHIBHOM cucTtembl. s mro0oi
CHUCTEMBl €€ MOXKHO JIETKO 3amnucarb. YpaBHeHue (13) Ha3bIBaeTCs ypaBHEHHEM
4acTOT. MeTo/I0OM MPOOHBIX YCTAHOBOK ()  HECJIOXKHO MOJy4HTh pereHue. [locne
HAaXOXJCHUS () HaXOMAT COOTBETCTBYIOIIUE YHCIIA KOJICOAHUI B MUHYTY:

30 30
N1:7(O1; N2:7 (0} u T.AO.
y/a T

Kputnyeckue yucia 060poTOB OMPEAEIAOT Mo hopmyJe:

S

rine K=123..
OO0bIYHO BO BHUMaHHE IPUHUMAIOT OJHO-, ABYX- U TPEXy3J10BbIe
KO0JICOAHUSA, YYUTHIBAIOT Pe30HAHCHI 10 8...12 nopsaakos. Hanpumep, s
TenJa0B0o3HOro ausenas /[ 50, padorarwuero Ha reneparop:

N:563 M=1560 M=2460 M=3280 KOJ/MUH

Hus N, B paGouyio 30ny o6oporoB (n=250 ... 740 06/MuH) momanawT
pE30HaHCHl € rapmMoHuKamu K:

K = 15 16 17 18 19 20
gK = 7l 8 8l 9 9l 10
i 2 2 2

n= 750 704 660 625 590 563

Jnst 2-X y370BBIX PE30HAHCHI MOTYT OBITh TOJNBKO mpu K >0, a 3TO HE
MPE/ICTaBIIAECT HUKAKON OIMMACHOCTH (JIBUTATENh UMEET 3arac npodHoctu 6omuee 10) .



JIEKLIUA 5
NPUBOPLI UIA SQKCHEPUMEHTAJIBHOI'O HCCJIIEJOBAHUA
KPYTUJIbHBIX KOJJEBAHUH B BAJIOITIPOBOJAX
Mexanuueckuut Topcuorpad I'eiirepa

OgHuM M3 TNEpBBIX MPUOOPOB ISl 3alMCH KPYTHIBHBIX KOJIEOAHUN ObLI
U3BECTHBI TOPCHOMETp Ml HM3MEPEHHS IMepelaBaeéMOro BaJIOM KPYTSAIIETO
momeHTa (1902 r.). ®pamm (Frahm) yBenuuun 4yBCTBUTENBHOCTh TOPCHOMETPA U
B pe3yJIbTaTe BIIEPBbIE BBIIIEI Ha 3alIMCh KPYTHIIbHBIX KOJIEOaHUH.

CrienmanbHbIil IpuOOp AJIS 3allUCU UMEHHO KPYTHUJIBHBIX KOJIEOAHUI MOSBUIICS
auiib B 1916 r. Ilo umenu coznatens oH MOIy4HJ Ha3BaHue Topcuorpad Ieiirepa
(Geiger). OTot npubOp 10 HACTOSIIETO BPEMEHH ITOCTOSHHO COBEpP- IIEHCTBOBAJICS
U, OEcCIOpHO, SIBJSIETCS CaMbIM HAJEXKHBIM, MPOCTBIM M TOYHBIM NPUOOPOM B
obnmactu TOpcuorpadUpoBaHUsl KPYTWIBHBIX KOJIEOAHW CYJOBBIX CHIIOBBIX
YCTaHOBOK C JU3E€IbHBIMU JBUTATEIsIMU  (00J1aCTh OCHOBHOI'O IMPUMEHEHHS [0
1000...1200 06/muH ).

Cxema Topcuorpadga I'eiirepa npezncrasiieHa Ha puc.1S5.
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Puc.15. Cxema ocHoBHOM yacTu Topcuorpada I eiirepa
1- mKuB; 2- MaxOBUK; 3- cMpanbHas Mpy>kKuHa; 4- (uaHer IpuBoja;
5- mepenaromuii MTOK; 6- pplyaXkHas nepeaada
[Ipubop cHaGkeH JIEHTOMPOTS)KHBIM YCTPOMCTBOM € MPUBOJIOM YAaCOBOTO THUMA
U TJIABHBIM THUIIyIUM TiepoMm. llepo mon gedcTBHEM KpPYTHUIBHBIX KOJIEOAaHUMH
OCYILIECTBIISIET 3aMKCh Ha JABMKYIIEHCS OyMa)KHOW MEJIOBAHHOM JIGHTE aMIUIUTY bl
MONEpPEYHBIX KoJeOaHuM ydacTka Bajia, K KOTOpOMY IpucoeauHeH mpubdop. Yare



Bcero Topcuorpad Ileiirepa mpucoeauHSIOT K CBOOOJAHOMY HOCKY KOJIEHYATOTO
Bajia, HA KOTOPOM aMIUIUTYyAa KoJieOaHUN uMeeT HaubOJIbIINN pa3mMax.

[Tpunnun paboTsl Topcuorpada OCHOBaH Ha TOM, YTO AMIUIUTYAA KPYTHIIbHBIX
KoJeOaHMil Ha Bajie MEepeJaeTCsl KECTKO depe3 (iaHer 4 Wi yepe3 ClelruaaIbHbIHI
PEMEHHBIM NMPUBOJ HAa MIKWUB |, BpamarolMiicss HEPaBHOMEPHO, KaK U caM Ball.
BuyTpu 1mikuBa pa3MmenieHbl MaXOBHUK 2, CBSI3aHHBIM C HUM CHUPAIbHON MPYKUHOU
3. DTOT MaxOBHK BpAaIa€TCsl PaBHOMEPHO, TaK KaK CIEUUAIbHO MOJ00paHHAS
CriMpajibHas TMpPYXUHA CrIaXXUBA€T HEPABHOMEPHOCTH BpaiieHus. C MOMOIIbIO
CHUCTEMBI YIVIOBBIX pPBIYAroB 6 dYepe3 IyCTOTENbIM BalUuK / OTHOCUTEIBHOE
JIBUKEHHUE MIKMBA 1 M Macchl 2 BBIBOAUTCA HA MEPEHAONIMK IITOK 5, a 3aT€M Ha
[JIaBHOE MHIIyliee Tnepo Tmpubopa (Ha puc. He mokazaHo). CKopocThb
JIEHTONPOTSHKHOTO MEXAaHW3Ma HACTPAWBAETCA B JOCTATOYHO IIMPOKOM JHAaNa3OHE.
[Ipu »TOM MexaHM3M CHa0XEH pEeryJlaTOpOM YacTOThl, O0O0eCIeurnBarOIIIM
MOCTOSIHCTBO CKOPOCTH MPOTSKKA MEIOBAHHOW OYMa)KHOUW JIEHTHI HE3aBUCHUMO OT
CTEIEHH 3aBOJIKM YaCOBOI0 JIEHTONPOTSKHOTO MEXaHU3Ma.

Topcuorpad ['eitrepa AOMOTHUTENBHO CHAOXKEH JIBYMS MUIITYIIIUMH TEPhSIMH.
OmHO U3 HUX YOPYTO 3aKPEIUICHO U MEPUOINYECKH IIICKTPOMArHUT BO30YKIaeT
coOCTBEHHBIE KOJIeOaHus Tiepa. DTO TaK HA3bIBAEMBI OTMETYHK BPEMEHH,
HEOOXOUMBIN ISt 00pabOTKU TOPCHOTPAMM.

Btopoe nuiymiee nepo ynpasisieTcsl JI€KTPOMAarHuTOM U MpeIHa3HAYEHO ISt
3alUCU ONPEACIICHHBIX OTMETOK. Kak mpaBuio, OHO OTMEYAeT YUCIO MOJHBIX
000pOTOB KoJieHuaToro Bana. Hampumep, Haj BOYCKHBIM (BBITYCKHBIM) KJIalaHOM
YCTaHABJIMBAIOT DJIEKTPUYECKUN KOHTAKT WM MHKPOBBIKIIOYATElb. Torma mus 4°-
TAKTHOI'O JBUTATENIsi HAa MEJOBAaHHOW Oymare OTMEYaroTCs MEepoM KaxKible 2-a
o6opoTa, 1yt 2*-TaKTHOrO — OJMH 000POT.

[leppst yCcTaHOBIIEHBI TaK, YTO MPOU3BOAAT 3alUCH OJHOBPEMEHHO. PeMeHHbII
OPUBOJ uYepe3 MIKUB | MO3BOJISET yCTaHABIMBATh TOopcuorpad B Jr000€ MECTO
BaJIonpoBoja (T.e. TyJa, I aMIUIUTYIbl KPYTUIBHBIX KOJIEOAHUI MaKCUMAJIbHBI).

OcHoBHas 11e71b TOpCUOTPpadUPOBAHUS — MOJTYyUYEHNUE KPUBBIX Pa3BUTHUS
aAMIUTUTY/ Il KPYTUJIIBHBIX KOJICOaHMI Bajia B 3aBUCUMOCTH OT YaCTOTHI BPAIICHHUS.

Ha puc.16 nokazana TopcuorpaMmma, CHATasi C HOCKa KOJIEHYATOr0 Bajia IU3EJIs.
Jli1st 06paboOTKM TOPCHOTPAMMBI UCTIONB3YIOT CIICIUANLHBIN 111a0JI0H, BHITTOJTHEHHBIN
13 MPO3PAYHOTO IUIEKCA.

[ITa610H TIO3BOMSET CHHXPOHU3UPOBAHKE 3-X TMEpPheB BO BpeMeHU. OTMETIHK
BPEMEHU HMEET TapUpOBKY, IOITOMY [0 YHUCIY KOJIEOAHUM MOMXHO JIETKO
ONpENEeIUTh BpeMs OAHOrO 000pOTa W HAa JAHHOM YYacTKE TOPCHOTPaMMBI
BBIYUCIIUTh YaCTOTY BpPAILICHUS:
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Puc.16. Topcuorpamma cygoBOro 2-XTaKTHOTO JU3EIIS.

60
n= 7 , 00/MUH.
YwucIio BOJIH, COOTBETCTBYOIIMX OJHOMY 000poTy, paBHO 4. ClieoBaTeIIBHO,

UMEIOT MECTO Kosebanust 4-ro nopsiika. AMIUIMUTYa KPYTUIIbHBIX KoJieOaHUN

paBHa:
_2a _ 5 _
Al—mDm—3_9O 0.0185 >

rie 2@ - yIBOGHHAS aMILIMTY/a M3 TOPCUOIPAMMbI, pPaBHAs pa3Maxy Kolieba-
HUM TJIABHOTO MEPA ;
jn - Macmrad rJIaBHOIO Iepa, m=3 ;

D, - AMAMETD IIKUBA, YyCTAHOBJIEHHOIO Ha Baily ABurarens, ), =90 mwm.

[Ipn 3HaueHWW 3HAUYEHHWU MaciiTaba OTMETYMKA BPEMEHH — OJHO KoJieOaHue
COOTBETCTBYET OJIHOM CEKYHJIE — OMPEICTUM YacTOTy KPYTUIIbHBIX KOJIeOaHUI

[ 242
N=n-—1 =123 ——=1340 kon/muH,
12 2.22
rae ], - JUIMHA JIEHTBI TOPCHOIPaMMBbI Ha y4aCTKE OJHOro 000poTa Baja,
[,=242 wmm;



[/, - AJIMHA JICHTBI TOPCHOTPAMMBI, COOTBETCTBYIOIIAS OAHOMY
K0JI€0aHHIO BUOpATOpa OTMETYHNKA BPDEMEHH, [ ,=2.22 MM.

[Ipy mnaBHOM M3MEHEHWW 7 B CIydae PE30HaHCa TOTO WJIM WHOTO IMOPSAKa
aMIUTHTYJ]a HAYMHAET CYIIECTBEHHO BO3pacTarh. FIMEHHO Ha pe30HAHCHOM PEKHUME
U OTIPEJICIISIETCS 4acTOTa Pa3IMuHbIX (POpM KoJIeOaHUH.

[Io pesynprataM 0OpabOTKHM TOpPCHOTPAMM CTPOSIT KPUBYIO  a= f(n), Ha
KOTOPOH YETKO MPOSBISAIOTCS PE30HAHCHBIE PEKUMBI KPYTHIIBHBIX KOJICOAHUH (CM.
puc. 17).

a,

-

n, o0&/ MHUH

Puc.17. KpuBas pa3BuTusi pe30HAaHCHBIX aMIUIUTY]l B paboyem
JIMATI030HE CKOPOCTHBIX PEXKUMOB JU3EIIS.

[IpenenbHO MOMYCTUMON aMIUTUTYAOW KPYTHUJIBHBIX KOJIEOAaHWW BaJIONPOBOJA
IpY JUIMTENBHOM pabote asurarens npunaro cuntate (g, ~(). ()15 paa. Ha puc.

(13 13

18 mokazaHbl Tak Ha3bIBaeMble “ 3allpeTHBIC “ 30HBI DKCIUTYaTAllMOHHBIX YUCEN
06opoToB. [lpn HamMUMKM TakuX 30H HEOOXOJIMMO CMECTUTH 3a pabouyuii Iuama3zoH
YaCTOTHI BPAIICHUS 32 CUET M3MEHEHUS KOHCTPYKIMU WJIM CHU3UTH AMIUIATYIbI
KoJIeOaHMii myTeM MpUMEHEHUs JeMII(hEepOB WIIH TacCUTENeH KOJIeOaHUH.
Yacrora BpallleHHs Bajla, NpU KOTOPOM BO3MOXKHA JUIMTENIbHAsE padoTa

JBIKUTEIIS, IOJKHA OTJIMYAThCSI OT KPUTHYECKOW HEe MeHee, ueM Ha S...10%.

Ha puc. 18. mokazana topcuorpamma, CHSTas B PE30HAHCHOW 00JIacTH TIpH
OBICTPOM TIEPEBUKEHUU JICHTHI.



Puc. 18. Topcuorpamma npu pasBUTHHN PE30HAHCA

JIeKTpUYeCKHe TOPCHOrpadbI
3anuch KPYTUIBHBIX KOJIEOAHUH C MOMOIIBI0 MEXaHUYECKOTO Topcuorpada
OCHOBaHA Ha PETHCTpalliU KOJeOaHUI yyacTKa BaJia 10 OTHOIICHHUIO K PABHOMEPHO
BpAILIAIOIIEMYCSI MaXOBUKY. [ Ipy 3TOM pa3sHOCTh IBMKEHUH Bajla 1 MaXOBHUKA C
MTOMOIIBID CHCTEMBI YIJIOBBIX PbIYaroB MEPEAAETCA HA PETUCTPUPYIOLIEE TIEPO
npubdopa. bezycinoBHO, TOUHOCTH TOpCHOTPAUPOBAHUS OTIPEICTIAETCS MHOTHMHU
dbakTopamu: HaTu4ue JO(PTOB U 3a30pOB MPUOOPa, THEPITUOHHOCTHIO, BIUSHUEM
Cpensl  T.II.

J{nst ycTpaHeHus BBIIENPUBEACHHBIX HEOCTATKOB U PACIIUPECHUS JUana3oHa
pUMEHEHUS TPUOOpa Mo 0OOPOTHOCTHU BAJIOMPOBOIA 3aMEHSIOT MEXaHUYECKYIO
nepeaavy Ha MUIIYHIEE MEPO JIEKTPUUECKON HETOYKOM, COCTOSIEN U3
npeoOpazoBaTesl NepeMeIleHUs B JIEKTPUUECKUNA CUTHA, YCUIIMTENSl CUTHAJA C
MOCJICAYIOIICH PerucTpaeii MoJTy4eHHOTO0 CUTHANIA ¢ IIOMOIIBIO MUICH(HOTO UITH
AIEKTOHHOTO ocuuiuiorpada. [Ipu 3Tom cyIecTBEHHO pacupseTcs: Auana3ox
IpUMEHEHUS TPUOOpa Mo 0OOPOTHOCTHU U TIOBBIIIAETCS TOUHOCTh U KaYECTBO
TopcuorpapupoBaHHUs.

Takue mpuOOPHI CTATK HA3BIBATHCS YIEKTPUICCKUMU TOPCHOTpadamu.
Hanpuwmep, snexkrpuueckuit Topcuorpad tuna 3T-1, y KOTOporo BajuK 3aKperiieH
KECTKO Ha TOPLE BAJONPOBOJA, & MAXOBUYOK CBS3aH C BAJJMKOM ITOCPEICTBOM
MIJIOCKOM MPY>KUHBI. Ha npy’>KnHE yCTaHOBJIEHBI ANEKTPUUECKUE TEH30METPbI
conpoTtuBiieHUA. C MOMOIIBIO TOKOCHEMA CUTHANI OT TEH30METPOB BBIBOJUTCS Ha
3aMuUChIBAIONINN TUIeHBIN ociiuuiorpad.

TenzoMeTprpoBaHHe CyA10BbIX BAJONPOBO/IOB

CymHoCTh  TeH3oMeTpupoBaHusa. IIpu TEH30METPUPOBAHUM  JTATYUKOM
ABJISCTCS  DJICKTPUUYECKUA TEH30METp CONPOTUBICHUSA. MeTon OCHOBaH Ha
U3MEHCHUN OTHOCHUTEIBHOI'O JJICKTPHUYECKOTO COIIPOTUBIICHUS IIPOBOJIOKU AR/ R,




IPOIMOPIMOHATLHOTO €€ OTHOCUTENbHOU jJedopmanmu  Al/l. TIpoBoiOYHBIM
TEH30METp MPEJCTaBIsieT COO0N MPOBOAHUK B BUJE HECKOJIBKUX TMeTelb 1
(cM. puc.19, a) u3 KOHCTAaHTAHOBOM MPOBOJIOKHU AuaMeTpoM mopsaka 0,02 mm,
KOHIIbI KOTOPOIl IPUIAUBAOTCA K IPOBOJAHHUKAM 2, UAYIIUM Ha TPUEMHYIO YaCTh
anmnapatypsl. JlaTYMK HaKJIEMBAETCSl Ha MOBEPXHOCTH 3 Bajla CIICLIMAIbHBIM KIIEEM,
Hanpumep, bD-2, 4epe3 TOHKYH0 M30JAIMOHHYI0 Oymary 4.

2 n
I £
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- | R
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a) 0)

Puc. 19. KoncTpykiusi poBOJIOYHBIX U (DOTBIOBBIX JaTYUKOB
COIPOTHUBIICHUS

JlnuHa reTens, Ha3pIBaeMas 0a3o0i Jarauka, cocraBigeT 5...20 mm. Celiuac Bce
OoJiplliee MPUMEHEHHUE TTOTY4YatoT (OJIBIOBBIC TATYMKHU B BUJIE PEHIETKH (CM. PUC.
19, 6), n3roraBaMBaeMOM W3 TOHKOW KOHCTAaHTAHOBOW (POJIBIH.

TOYHOCTH ¥ HAAECKHOCTH TEH30JaTYMKOB 3aBUCAT OT KA4eCTBA UX HAKIICHKHU.
[ToBepxHOCTh BaJia mepes HAKIEMKOW TEH30[JaTUYMKOB TINATEIBHO OYMIIAETCS OT
TpsA3H U KHpa, 3aTeM o0pabaTeiBaeTCsa TOHKON HaknadyHou Oymaroii. [Ipu Hakmeiike
JOJDKEH OBITh BBIIEPKAH TEMIIEpAaTypHBIA pexuM cywmku. [lyTem mocreneHHOro
TIOBBIIICHHST TEMIIEPATYpPhI Bajla B MECTe HakiIeiku Tenzomardukos 10 180° C. Tax
Kak o0ecreyeHue HITOro pexumMa B CYJIOBBIX YCIOBHMSIX 4YacTo ObIBaeT
3aTPyJAHUTENbHBIM, TO MPUMEHSAIOT CIOCO0 HAKJIEHMKM TEH30JaTYMKOB Ha
CIICHMAIBHON TOMJIOKKE M3 MeTaunueckoil ¢oneru Tommuuo 0,1...0,15 mm.
HakyieeHHbII Ha NOMJOXKY JaTYUK MPOXOJUT TeMIEeparypHyro oOpabOTKy B
7a00paTOPHBIX YCIOBHSX, MOCJIE YEero MOAJIOKKA MPUBAPUBACTCS K MOBEPXHOCTH
BaJia TOYEYHOMN CBApPKOM.

[Ipy nprMEHEHNH CIIEHHAIBHBIX KJIEEB MOXKHO CYLIECTBEHHO COKPATUTh BPEMS
cylmku TeH3zonaTunkoB. Kiueit BD-2 nomuMepusyeTcsi B €CTECTBEHHBIX YCIOBUSIX B
teueHue 2..3 cyTok. Ecnu BpeMst HO3BOJISIET, TO CIEAYET UCIIOIb30BaTh 3TOT KIIEH.



[TpyuHuMIT M3MepeHusT HanpsLKeHUM (aMIUIMTy KoJeOaHWM) 3aKioyaeTcsl B
ciaeayrouieM. Ha 1oBepXHOCTh HCCIIEyEeMOr0 Bajla HAKJIECHUBAIOT J1BA WIM 4YEThIPE
TEH30/aTYMKa MO yriioM 45° K OCH Baja, KOTOPbIE COCTAaBISIIOT TOJYMOCT WIIH
MOCT YurctoHa. IIpm CkpyyuMBaHMM Bajla IIOBEPXHOCTHBIE BOJIOKHA MeTailla
pacTIrMBalOTCd WM CHKHUMAKOTCA, HPU 3TOM OJHOBPEMEHHO JehopMupyeTcs
IIPOBOJIOKA TEH30JaTYMKA, YTO BbI3bIBAET HW3MEHEHHE €€ JJIIEKTPUYECKOro
conpotuBieHus. [1lo u3mepseMoll TuaroHaqm Mocta YUTCTOHA OyJIeT MPOXOAMTH
TOK, BEJIMYMHA KOTOPOTO MPOINOPLUMOHAIbHA CKPYYHMBAHUIO Bajla. OJTOT TOK
CHUMAETCS CHEIHATbHBIM TOKOCHEMHUKOM, YCHJIMBAETCA M TMOAACTCA Ha HUICH(
ocrsuiorpada.

1 cbema MmoJIe3HOTO CUTrHala MPUMEHSIOT CIIELUAIbHBIE PTYTHBIE TOPLEBBIE
WJIY IIPOXOJHBIE TOKOCBEMHUKU. XapaKTEPHBIM TOPLIEBOW TOKOCHEMHUK ITIOKa3aH HA
puc.20

Puc.20. TopueBoii TOKOCHEMHUK

Cxema wu3MepHUTEJBbHON YCTAHOBKH IIOKa3aHa Ha puc. 21. B
Ka4yecTBe TEH30CTAHIUHU INUPOKO UCHOJb3yeTcss ctaHuus tuna Y TC-BT-
12 (12-n kaHaabHas, padoTrawias Ha Hecyuieit yacrtore 35000 I'm).



Puc.21. U3mepureabHas 0JI0K-cXeMa NPU TEH30METPUPOBAHUH

OCOBEHHOCTHU TOPCHUOI'PAONPOBAHISA CYJOBBIX BAJIOITPOBOJIOB

IIo IlpaBmiaam kjaaccHPUKANMUOHHBIX 00mIecTB (AHriamiickoro Jlioiina,
I'epmanckoro cranpapra, ®pannys3ckoro Bepuraca, Poccuiickoro Perucrpa u
Ap.) W MO BeIOMCTBEHHBIM HOPMAaM BAJIONPOBOAbI BHOBb CTPOSIIIUXCS
rOJIOBHBIX CYA0B JOJIKHbI ObITH NMPOTOPCHMOrpadupoOBaHbI B ONMOJHEHHE K
00s13aTeJIbHOMY pacuyeTy Ha KPYTH/IbHbIE KOJIe0aHU.

[lepen TopcuorpadgupoBanvem (IO JaHHBIM pacueTa CUJIOBOW YCTAaHOBKM Ha
KPYTWIbHbIE KOJEOaHHUs ) ONpeNenseTcss YUCIO MECT TopcuorpagupoBaHus (He
0osiee 3-X ) ¥ COOTBETCTBYIOIIAs anmnaparypa. M3 ceueHuit Bajia BLIOUpAIOTCS TaKKeE,
B KOTOpBIX, CyAs IO pacueTHOW Qopme CBOOOIHBIX KOJI€OaHU, OKHUIAIOTCS
HanOOJIbIINE aMIUTUTY/Ibl KDY TUIBHBIX KOJICOAHUIH.

[Ipy MOAroTOBKE ammapaTypbl K TOPCHOrpPaQUPOBAHHMIO  HEOOXOIUMO
PYKOBOJICTBOBATHCSI COOTBETCTBYIOIIMMH WHCTPYKIMSMHU IO €€ 00CTYKMBAaHUIO C
MEPEYHEM U MOPSAIKOM MPOBEJICHHS TOATOTOBUTEIbHBIX U HAJTAJOUYHbBIX ONEPALIUil.

TopcuorpadupoBanue NPoOBOAUTCS MPU MEUICHHOM W TUIABHOM IOBBIIICHUH
YacTOTHl BpPAllEHHUS! OT MUHUMAJIBHO — YCTOWYHUBOM /10 MAaKCUMAJIbHO BO3MOKHOM.
Jlaniee nporiiecc BBITOIHSAIOT B 00OpaTHOM MOPSJIKE /10 TIOJHOM OCTaHOBKH JIBUTATEJIS.
JUist  ompeneneHuss PE30HAHCOB HEOOXOJMMO HMMETh HENPEPHIBHYIO 3alUCh
KOJI€OaHU HCCIeAyeMOro CEYEHHUsl Baja BO BCEM pabdoyeM Juana3oHE YacTOThI
BpalleHUS.

B obnactu 4actoT, nmpu KOTOPBIX Pa3BUBAIOTCA PE30HAHCHBIE KOJEOAHWS s
YTOUYHEHUSI KapTUHBI MPOU3BOJUTCS JAONOJIHUTEIbLHOE TOopcuorpadupoBaHue mnpu
OYEHb MEJUIEHHOM IPOXOJE.

Ot1nenbHO _TOpcHorpadupoBaHue TNPOW3BOAAT HA Ppe:KUMax IycKa,
OCTAaHOBA U B 00JIaCTH HEYCTONYMBOM PadOThHI ABUTATEJIS.

B ycraHOBKaX, B KOTOPbIX KPYTWIbHbIC XaPAKTEPUCTHUKH PA3JIUYHbI I
nmepeAHero M  3aJHer0  XoAa, cJeayeT  JONMOJHHUTEJbHO  IPOBECTH
TOpcUOrpagupoBaHue NPH IBUKEHUH 32[THUM XO0JA0M.




TopcuorpagupoBanue NpoBOAAT, KaK NPaBWJI0, NPH MaKCHMAJIbHBIX
HArpy3Kax ABuMrareJis, a Ha cygax ¢ BPII Takxke u npu 10/1eBbIX Harpyskax, 0,
25, 50, 75%.

OBPABOTKA TOPCHOI'PAMM

O0paboTKa 3aMMCaHHBIX TOPCUOTPAMM TPeOyeT 0cO00i TIATEIHFHOCTHA BCEX

U3MEPEHHI: aMILTUTY/] KOJIeOaHHi, 4aCTOThI BpAIlICHHUs, IOPSAAKA KOJIeOaHH.

Ha mecTe ucnbitanuii npou3BOAsIT NEPBUYHYIO 00PaOOTKY C 1I€JIbIO BBISBICHUS

PE30HAHCHBIX 30H U 3alPETHBIX 4acTOT BpauleHus. [IpocMaTpuBaeTcss kauecTBO

perucTpanuu mpoieccoB, OTMETOK 000pOTOB U BpeMeHH. [Ipu HeobxoaumocTu

MIPOBOJUTCS JOTOJIHUTEIBHOE TOpCUOTrpaprpoBaHuE.

JletanbHy0 00pabOTKy TOpCHOTpPaMM MPOBOJAT COTJIACHO pekoMmeHaanusm B.I1.
Tepckux ¢ npuMeHeHueM miabiaoHa (cM. puc.16):

1. HyMepyOTCs O MOPSAKY BCE IIUKIIBI KOJIeOaHUH, 3allMCaHHbIE TIEPOM

OTMETUYHKa 000OPOTOB;
2. Ha kaxgaoM 10-oM unu 20-oM HUKJIE U3MEPSIOTCS pa3Maxu KoJieOaHUM U
OTIPEJIEIISIIOTCS YUCIIa 000POTOB;

3. cTpouTCsI KOHTPOJIbHBIN rpaduK.

Ha  koHTpoJbHOM rpaduke mo OCH adUMCC OTKJAABIBAIOTCA YHCIA
000poOTOB, MO OCH OpPAMHAT — AMIUINTYIbI KOJe0aHMid B paguaHax HJIH
ammiutyabl HanpstkeHuin B MlIla. KoHTpoabHBIH rpauk mno3BoJsier
NMOBBICUTh Ka4yeCcTBO OOpa0OTKHM mNyTeM KOPPEKTHPOBAHUN W3MepeHHuil
BpeMeHHU 1 000POTOB, OH MO3BOJISIeT UCKJIIOYUTH CJIy4ailHbIe OITUOKHU.

WUroroBbiii astanm 00paOOTKH CBSI3aH C  ONPEACIICHUEM JIEUCTBUTEIBbHBIX
HaIpsDKEHU B HauboJsiee Harpy>KeHHbIX 3JIEMEHTaxX BaJONpPOBO/A.

Ecnu  HampsbkeHMsT HE  U3MEPSUIMCh  HENOCPEACTBEHHO IPU  [MOMOUIU
TEH30JJaTYMKOB, TO UX BBIYUCISIOT MO JaHHBIM TopcuorpadupoBanus. s 3Toro
UCIOJIB3YIOT (opMy cBOOOAHBIX KoyieOaHui. CHayana yOexIaroTcs, YTO YacCTOTHI
CBOOOJHBIX KOJEOaHMI, TMOJy4EeHHBIE pacdeToM U TopcuorpadupoBaHUEM,
oTiauyaroTcsa He Oonee, ueM Ha 2...5%. Ecnu pacxoxaeHue 00bliie, TO IPOBEPSIIOT
MPaBWIBHOCTh OIPEJEICHUS MapaMeTpOB CHUCTEMbI, BHOCST COOTBETCTBYIOIIUE
KOPPEKTUBbI W YTOYHSIIOT YaCTOTHI PAa3NMUYHBIX (OPM KOJEOAHHI W MacIITaObl
HaIPSHKEHUMN.

®dopma 3anrcaHHON KPUBOUM Ha TOPCUOTpaMMe OBIBAET CI0KHOM, OHAa COCTOUT U3
CYMMBI TAPMOHHK PA3JIMYHBIX MOPSAIKOB U (hopm Konebanuii. [ToaToMy 3anmmcanHyro
KPUBYIO HAJ0 CHayala pasjioKUTh Ha CUHYCOWJAIbHBIE COCTaBISAIOIINE, IS
KOTOpPBIX B pacyeTe HMMEITCS MacluTaObl HamnpsokeHud. PaznoskeHne oOBIYHO
IPOU3BOJUTCS MPUONMKEHHO MO oOpasliaM M HoMorpammaM. B psae cimydaes
IPUXOAUTCS MpUOEraTh K K CliellMaibHBIM TAPMOHUYECKUM aHAJTN3aTOPaAM.

AMIUTUTY 1Bl HANIPSKEHUW B BaJly IIPU TEH30METPUPOBAHUM OIPEHENSIOTCS IO
rpadMKy CTaTHYECKON TapupoBKH (B BUjE 3aBUCHUMOCTH H = f(r), Tne H, MM —
OTKJIOHCHHE TapUPOBOYHBIX METOK Ha JEeHTe ocimuiorpada; r, Mna —
COOTBETCTBYIOIIIEE HAIIPSIAKEHUE).




OPOPMJIEHME 3AK/IIOUYEHM A 110 TOPCUOI'PA®MPOBAHUIO

[Tocnennuii sramn- cocraBieHue 3akioueHus. Ha rpaduku, mocTpoeHHBIE IO
pe3ynbpTaTam 00pabOTKH TOPCUOTPAMM HAHOCATCS KPUBBIE JOMYCKAEMBIX aMILTUTY/T
(HampspKeHUi) Kolie0aHWW M OTMEUAIOTCS YYacTKH, JIEKAIMe BBINIE KPUBOU
JOMYCKAaeMbIX aMIUIMTYJ. TOYKM TEpeceyeHusi OSTUX KPUBBIX ONPEACIISIOT
3anpeTHbie 30HBI. Ywnciaa 0OOpPOTOB B Mpejenax HAMEUYCHHBIX 3alpeTHBIX 30H
OOBSIBISIIOTCS. HEAOMYCTUMBIMHU I TIOCTOSIHHOM paboThl. PaboTa Ha rpanunax
3aIpPETHOM 30HBI Pa3peIaeTcs.

B otuere yka3piBaeTCs HA3HaUYE€HUE TAHHOTO TOpcUOTpadupoOBaHus, TUII U MECTO
YCTAHOBKHM ammapaTypbl, pe3yJbTaTbl OOpaOOTKM W aHajdu3a TOPCHUOTPaMM U
BBIBOJIbI. B oTuere momemniaroTcs TakKe JOMOJHUTENIbHBIE PACUEThl, PE3yJIbTaThl
CONIOCTABJIEHUS PACYETHBIX M OMNBITHBIX JAHHBIX [0 YacTOTaM, NOpsSAKaM |
ammuiutygam  kojebanuit. K oruery Takke NPHUKIAABIBAIOTCS KOHTPOJbHBIC
rpaduku, TapuUpOBOUYHBIE KpHUBBIE U HamOoJiee TPENICTABUTENbHBIE OO0pa3Ibl
TOPCUOTPAMM.
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