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1. B B e n e H H e 

Ha MarHHTHhie KBa/lpynonbHhie nHH3hi, HcnonbayeMhie B Tpy6Kax npeil:

~a npOTOHHOI'O nHHeii:HOI'O YCKOpHTenH B Ka~eCTBe ~OKYCHpyiDmHX CHCT9M
0 

f HaKna/lhiBaiDT PHil Tpe6oBaHHil:, K KOTOpbiM B nepByiD O~epe/lb cnenyeT OT-

HeCTH: 

1, Dony~eHHe 60nbWHX rpa/lH9HTOB Mar'HHTHOI'O nonH (nopH/lKa 5-6 T, 

spcTicM) B anepType ocesoro KaHana nHHeii:Horo ycKopaTenH, npH orpaHH-

'leHHOM paaMepe BH9WH9I'O JlHaMeTpa nHH3, 

2, Dony'leHHe MHHHManbHhiX HCK8)!{eHHil: Mar'HHTHOI'O nonH B anepType 

nHH3hl HnH, ~TO TO )1{9 CaMoe, nony'leHHe nOCTOHHCTBa rpa/lHeHTa Mar'HHTHO-

ro nonH no panaycy anepTyphi, 

HenHHeii:HOCTb rpanHeHTa no panaycy anepTyphi naHa, B cny~ae ax 

npHM9H9HHH B )!{eCTKO-~OKYCHpyiDmeM KaHane nHHeii:HOI'O YCKOpHTenH, npHBo

llHT K HenonpaBHMhiM Jle~OpMaUHHM ~a30BOI'O 06'beMa ny'IKa, T,K, ~aCTOThl 

nonepe'IHhiX KOne6aHHil: ~aCTHU C pa3HhiMH aMnnHTy/laMH nony'laiDTCH paa

nH~HhiMH, DpaKTH~eCKH sTo 9KBHBaneHTHo ysenH~eHHID ~aaosoro o6'beMa ny~

Ka, ~TO BCerna npHBO/lHT K He)!{enaTenbHOMy YXY/lilleHHID napaMeTpOB YCKO

pHeMOI'O ny'IKa, a B cny~ae He/lOCTaTO~HOil: nponyCKHOil: Cnoco6HOCTH )!{9CT-

/1 2/ Ko-~oKycapyiDmero KaHana - H K ero noTepHM ' • 

HaH6onee nonxonHmHM, c To~KH apeHHH npHMeHeHHH B KsanpynonbHhiX 

nHH3aX Tpy60K Jlpeil:~a npOTOHHhiX nHHeii:HhiX YCKOpHTeneil:, HBnHeTCH nnOCKHil: 
13,41 

noniDC , KOTOphlil: HaH6onee nonHO YllOBneTBOpHeT yKa3aHHhiM BhiWe 

Tpe6oBaHHHM, 
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ITnocKHft noniDc npocT B HaroToaneHHH, H 6naroaapH oTcyTCTBHID B no

ne 6-oft rapMOHHKH n03BOnHeT nony~HTb CpaBHHTenbHYID ManyiD HenHHeft

HOCTb rpaaHeHTa B pa6oqeft anepType ~eCTKo-~oKycHpyiDmero KaHana nH

HeftHoro ycKOpHTenH. 

B aaaHoft pa6oTe paccMoTpeH MoaH~IIUHpoaaHHhift nnoCKHil: noniDc 
/5/ 

OTnH~aiDmHftCH TeM, ~TO Ha nnOCKOft ero ~aCTH HMeeTCH Bh!CTyn BnOnHe on

peaeneHHhiX paaMepoa. BnaroaapH sToMy MoaH~IIUHpoaaHHhift noniDc noaao

nHeT KOMneHCHpOBaTb He fOnbKO 6-ID, HO H 1 0-ID ra'pMOHHKY B cneKTpe KOM

noHeHT MarHHTHoro nonH KaaapynonbHOft nHH3hi. 

l13BeCTHO, ~TO B KBaapynonbHOft nHH3e, o6naaaiDmeft ~eTb!pbMH OCHMH 

CHMMeTpHH, HenHHeftHOCTb MarHHTHOro rrOnH onpeaenHeTCH HanH~HeM B none 
/1 3/ 

6-ft, 10-ft, 14-ft H T.a. rapMOHHK ' • ITpH~eM OCHOBHOft rapMOHHKOft, on-

peaenHIDmeft MarHHTHOe none nHH3h! 0 HBnHeTCH 2-H rapMOHHKa. 

~arHHTHoe none B anepType KBaapynonbHoft nHH3hi yaoeneTaopHeT 

ypaBHeHHHM CTaTHKH! 

_. _. 
rot 8 • 0, div 8 = 0. 

EcnH paccMaTpHBaTb anHHHyiD nHHay, T,e. rrpeae6pe~b KpaeBhiMH s~ 

~eKTaMH, TO 

nannaca 

none B anepType TaKOH nHH3hl MO~HO aanHCaTb ypaBHeHHeM 

2 
a F 
--2-+ 

a r 
1 aF 1 ---+-
r ar r 

2 

2 
a F 

a¢ 2 
0' 

rae F - MarHHTHhift noTeHUHan cTaTH~ecKoro 

aHyc H yron B nonHpHhiX KoopaHHaTax. 

( 1 ) 

nonH nHH3hi; r, if> - pa-

PemeHHe sToro ypaeHeHHH c HcrronbaoeaHHeM caoftcTea KBaapynonbHhiX 

nHH3 (HanH~He ~eThipex OCeft CIIMMeTpHH) HMaeT Blla! 

n"""' 2(2n+l) 

F(r,cf>)= :£ a r 
n=O 2(2n+1) (2) 

sin 2 (2 n + 1) if>. 

4 

{:l.'fJ,.,:• 
t" _'~ 
,; 

-'.':~~ 
'i#J!l 
'if$ 
.. -~> 

0TciDaa 

1 a F 6 
8 ¢.•"" ;- --a;r-,. 2 a 2 r cos 2 if> + 6 a 6 r cos 6 if> 

+ 
9 13 

10 a r cos 10 if> + 14 a r cos 14 if> + " 
10 14 

= 82 cos2¢ + 8
6 

cos 6¢ + 8 
10

cos 10 if>+ 8
14 

, 

rae 8 - aMrrnHTyaa ocHoeaoft rapMOHHKH, 8 
2 6 

Bb!CmHX rapMOHHK, BHOCHmHX HenHHeftHOCTb B 1\; 

BenH~HHfl aMrrnHTyahi n -oft rapMOHHKH H3 

4n+l 
8 ,.. 2(2n +1)a r 

2(2n +1) 2(2n +t) 

0TCIDaa BHaHo, ~TO aMnnHTyahi rapMOHHK B 

OT paaHyca, H ~eM Bhime nopHaOK rapMOHHKH, Te 

ITosToMy anH yao6cTea paccMoTpeHHH aena• 

HHKH 6e30THOCI!TenbHO K paaHycy, rrone3HO BBeCTF. 

CHmHe OT Hero. 

Bhipa~eHHe coeoKyrrHOCTH aMnnHTya rapMoH 

9~~HUHeHTOB MO~HO aanHC8Tb CneayiDmHM o6pa30 

5 9 13 
8(r),..H(r) .. G

0 
(r+h

5
r +h

9
r +h 

13 
r + ... ) 

rae G 0 - rpaaHeHT MarHHTHoro nonH B ueHTl 

h 
Hn+l 
--n-

G0r 
n 

5 



HA ITOniDC rrpOCT B H3I"OTOBneHHH, H 6naro~apg OTCYTCTBHID B ITO

pMOHHKH rroasongeT rrony'IHTb cpaBHHTenbHYID ManyiD aenHHeii

HeHTa B pa6oqeA arrepType ~eCTKo-~oKyCHpyiDwero KaHana nH-

KOpHTeng, 

/5/ 
HO:li pa6oTe paCCMOTpeH MO~H~HUHPOBaHHbi:li rrnOCKHii: rroniDC , 

l:acg TeM, 'ITO Ha rrnOCKOA ero 'laCTH HM99TCg BbiCTyrr BITOnHe OIT

pa3MepOB, Bnaro~apg STOMY MO~H~HUHposaHHbi:li rroniDc rroaso

HCHposaTb He fOnbKO 6-ID, HO H 10-ID rapMOHHKy B CITSKTpe KOM

HHTHOI"O rrong KBa~pyrronbHOH nHH3bi, 

THO, 'ITO B KBa~pyrronbHOii nHH3e, o6na~aiDwe:li '19Tb!pbMH OCHMH 

HenHHeiiHOCTb Mai"HHTHOI"O rrong Orrpe~enHeTCH HanH'IHSM B none 
/1,3/ 

14-ii H T.~. rapMOHHK , flpH'ISM OCHOBHO:li rapMOHHKOH, orr-

Mai"HHTHOe none n!iH3bi, HBnHSTCH 2-g rapMOHHKa, 

THoe none s arrepType KBa~pyrronbHoii nHH3br y~osneTsopHeT 

CT8THKH! 

-+ 
0, div B = 0. 

paCCMaTpHBaTb ~nHHHyiD nHH3y, T,e, rrpeHe6pe'lb KpaeBbiMH :9~ 

none B anepType T8KO:li nHH3bi MO~HO aanHC8Tb ypaBH9HH9M 

2 
I aF I 

+- --+-2 
r ar r 

a F 

a¢ 2 
= 0' 

arHHTHhlii nOTSHUHan CT8TH'I9CKOI"O 

B nongpHblX KOOp~HHaTaX, 

(1) 

uong nHH3bl; r, ¢ - pa-

He STOI"O ypaBHSHHH C HCnonb30B8HH9M CBOiiCTBa KBa~pyrronbHbiX 

He '19Tbipex Oceii CHMM9TpHH) HM99T BH~! 

n=><> 2(2n+l) 
) = I 

n"' 0 
a r sin2(2 n +I)¢. 

2(2 n+l) 
(2) 

4 

.... 

,,, ;,T 

·' 
.( ,; 
: 11 ~ ~ 

.:1·~··.~, .. ,· ··:.' 
'1,. ' 

•"'j 

:· ~ 

~ 

0TCID~a 

I a F 5 
8 ¢.• z ;- --a;r- • 2 a 2 r cos 2¢ + 6 a 

6 
r cos 6 ¢ + 

+ lOa r 
9 

cos lO ¢ + l4a r 13 cos 14 ¢ + ... = 10 14 (3) 

= 8 2 cos2¢ + 8 6 cos 6¢ + 8 10cos 10¢ + 8
14 

cos 14¢ + ... , 

r~e 8 2 - aMnnHTy~a ocaoaaoii: rapMOHHKH, 8
6 

,8 
10

, 8
14 

- aMnnHTy~a 
BbiCWHX I"apMOHHK, BHOCHWHX HenHHeiiHOCTb B Mai"HHTHOe none, 

BenH'IHHJ:I aMnnHTY~bi n -oa rapMOHHKH H3 (2) onpe~enHTCH! 

8 
2(2n 

4n+l 
• 2(2n +Oa r 

+t) 2(2n+l) (4) 

0TCID~a BH~HO, 'ITO aMnnHTY~bi I"apMOHHK B 6onbWOii: CTeneHH 38BHCHT 

OT pa~Hyca, H '19M BbiWe nopH~OK I"apMOHHKH, TSM CHnbHee STa 38BHCHMOCTb, 

flOSTOMy ~ng y~o6CTBa paCCMOTpeHHH BenH'IHHbi TOii: HnH HHOii: I"apMo

HHKH 6e30THOCHT9nbHO K pa~Hycy, none3HO BBSCTH KOS~~HUHSHTbi, He 38BH

CHWH9 OT HSI"O, 

Bbrpa~eHHe COBOKynHOCTH aMrrnHTy~ I"apMOHHK C UOMOWbiD TaKHX K0-

/2/ S~~HUHSHTOB MO~HO SanHC8Tb cne~yiDWHM o6pa30M ' 

I"~e 

r 

5 9 !3 8(r)=H(r) .. G0 (r+h
5

r +h
9

r +h 
13 

r + ... ), 

h 
n 

.G 0 - I"pa~HeHT Mai"HHTHOI"O nang B USHTpe nHHSbi H 

Hn+l 
---;;
Gor 

5 

(5) 

(6) 
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HenHHeil:HOCTb MarHHTHoro nong B anepType Tpy6KH apeil:~a oueHHBa

nacb no ~opMyne: 

,:\%=,:\" = IH61+1HIOI+IH141 

Ho "2 
100% 

II • HccnegosaHHe nnocKoro nomoca 

(7) 

~opMa npo~HnH nnocKoro non10ca npeacTasneaa Ha pHc. 1. C TO'IKH 

3peHHR H3rOTOBneHHR TBKOH npO~Hnb npOCT1 H C HHM MO*HO n~ny'IBTb 6onb

lllH9 rpaaHeHTbl MarHHTHOrO nonR B anepType apeil:~OBhiX TpyflOK, 0CHOBHbiMH 

ndpaMeTpaMH nnOCKOrO nonJOCB RBnRJOTCR: lllHpHHa nnOCKOH ero 'IBCTH (pa3-

Mep "c " ) H yron HaKnoaa o6paayJOl!leil: non10ca B ero nnocKoA 'laCTH ( yron a ) • 
/3/ B pa6oTe aaHo TeopeTH'IecKoe o6ocaosaHHe senH'IHHhl nnocKoil: 

'IBCTH nonJOCB 1 npH KOTOpOH OTCyTCTByeT 6-R rapMOHHKa nonR, llpH 9TOM 

6binO OTM9'19H01 'ITO nnOCKHH nonJOC He MO*eT oaHOBpeMeHHO npH nJ06hiX 

pa3MepaX "c, o6paTHTb B Hynb 6-10 H 10-JO rapMOHHKHo 
/4/ 

B pa6oTe npHBeaeaa aaBHCHMOCTb senH'IHHhi K09~~HilHeHTa 6-il: 

rapMOHHKH nonR OT H3M9H9HHR lllHpHHbl rrnOCKOll: '18CTH nonJOca B He60nblllHX 

npenenax. 3Ta 38BHCHMOCTb n03BOnReT cynHTb 0 He06XOUHMOll: TO'IHOCTH 

H3I'OTOBneHHR npO~HnR nonJOCa C n~aBneHHOH 6-il: rapMOHHKOJl:, 0 10-il: rap

MOHHKe nonR 6hinO H3B9CTH01 'ITO ee BenH'IHHa cna6o 38BHCHT OT lllHpHHbl 
/3/ 

nnocKoA 'laCTH non10ca B o6naCTH c • KpoMe Toro, s· pa6oTe as-
onT 

Top, HccnenyR rHnep6onH'IeCKHH non10c, npHlllen K BhiBony, 'ITO HaKnoH npH-

MOnHHeil:aoll: o6paayJOl!lell: non10ca B TO'IKe o6phiBa rHnep6onhi cna6o snHReT 

Ha senH'IHHY HenHH9HHOCTH nonR. 

AsTopaMH naaaoil: pa6oThi npH HccnenosaHHH nnocKoro non10ca 6hmH 

onpeneneHhi HeKoTopbie npyrHe cooTHOllleHHR., xapaKTepHhie nnR aToro no-

n10ca: 

6 

I 
·~. 

·~ 

•• 

A,~. 
cu 

C!ll I I 
a11"ltx{ "·~ ,£ 
a~sl 1 

at 

az 

cu 

o nJA 
I ______ ... --· _,_." ....... . 

PHc. 1. 3aBHCHMOCTb K09tP~HilHeHTOB 6-A (h ~ ) H 

nonR OT OTHOl!leHHR iM- , 

c.-/(, 

~ 
/ _ __.,: . 

.c-,.af~, ... 
, I' 

ot• 
JIJ "" IIJ 10 

PRe. 2. 3aBHCHMOCTb K09tP~HuHeHTOB 6-A ( h~ ) H 1 

OT yrna a 

7 



MBI'HUTHOI'O rrong B arrepType Tpy6KU ApeH~a OUeHUBa-

IH 6 I+IH 10 I+IH 14 
100% (7) -·---"2 

II • I1 ccneuoeauue rrnocxoro rromoca 

po~ung rrnocxoro rronroca rrpeACTaeneua ua puc. 1, C TO~KH 

eneHUH TBKOH ITpO~Unb ITpOCT, U C HUM MO)f{HO ITC1ny~8Tb 60nb

bl MarHUTHOI'O nong B anepType ApeH~OBbiX TpylSOK, 0CHOBHbiMH 

nnocxoro nonroca HBnHIDTcsr: mupuua nnocxoA ero ~aCTU (pas

ron uaxnoua o6pasyromea nonroca B ero nnocxoa ~acTu ( yron a ) • 
/3/ 

e ABHO TeopeTU~eCKOe 060CHOB8HHe BenH~HHbl nnOCKOH 

, npu KOTOpOH OTCyTCTByeT 6-g rapMOHUKa nong, flpu STOM 

o, ~TO ITJIOCKHH nonroc He MO)f{eT OAHOBpeMeHHO npu nro6biX 

o6paTUTb B Hynb 6-ID U 10-ro rapMOHHKU, 
/4/ 

ITpHBeAeHa 38BHCUMOCTb BenH~HHbl KOS~~HUHeHTa 6-H 

H OT H3MeHeHHSI illUpHHbl nnOCKOH ~BCTH nonroca B He6onbillHX 

38BHCHMOCTb IT03BOnHeT CYAHTb 0 He06XOAHMOH TO~HOCTH 

npo~HnH nonroca c noAaeneuuoA 6-A rapMOHUKOH, 0 1~-H rap

hlno H3BeCTHO, ~TO ee Benu~HHB Cna6o 38BHCHT OT illHpHHhl 

/3/ nonroca B o6naCTH c , KpoMe Toro, e· pa6oTe ae-
onT 

runep6om~:qecxua nonroc, npumen K BbiBOAy, ~To uaxnoa npsr-

pasyromea nonroca B TO~Ke o6pbiBa rHnep6onbi cna6o enusreT 

enuueAuocTu nonsr. 

AanuoA pa6oTbi npu HccneAOBBHHH nnocxoro nonroca 6bWH 

eKOTOpbie Apyrue COOTHOilleHHH., XapaKTepHbie AnSI 9TOI'O ITO-

6 

.,. 

·~t 

l
cr 

.. • 
\~ I 

'/1','·· ~ •' 
' 

:"· '.' ~ 

·~ 

~. ~. 
IU 

'u'V 
a ns .£. 

at I G ~ Q'IS/ R,.,t I I 0.5 ,, 421 ' > 

orn!l.{ .~\'\ 
'. .... - :. ·---

at 

az ---
tU 

Puc. 1. 3asucnMoCTb xos~ljlunneHTOB 6-A (h 5 ) u 10-A (h
9 

) 

nong OT OTHOill9HH.SI i;- . rapMOHHK 

r-n 

~·· r:;/ :it/ c--FNLU~ 

r .l --d-- yr"' 17 " • U '.'7" 

' 

J 

' 

• \1 
.c .=o./~R ... dtr" rc. z-f' ~ /( 

5t'k 

Gl. 
JD 647 IIJ "' v(l /c) 

!J•\ 
(' 

Puc. 2, 3asucuMOCTb xosljlljlunuenTOB 6-A ( h6 ) u 10-A (h 9 ) rapMOHHK nonsr 
oT yrna a 
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c 
a) npH onpe.oeneHHOM COOTHOWeHHH -r (pHCo 1) nonHOCTbiO HC'Ie-

M 
aaeT 10-SI rapMOHHKa nonS! ( c - paaMep nnocKoA 'laCTH non10ca, RM 

pa.oHyc MaraHTHoA anepTyp&I). ITpH sToM senH'IHHa 6-a rapMOHHKH HMeeT 

6on&wee 3Ha'leHHe, 'leM senH'IHHa 10-ii: npH c "'c .ong no.oasneHHoA 
onT 

6-A rapMOHHKHo 

6) KOS!IJ¢HUHeHTbl npH 6-A H 10-ii: rapMOHHK8X nonS! h 6 H hg K8)K-

llhiii: B OTllen&HOCTH 38BHCSIT OT yrna a(pHC. 2 ). 06III8SI )1{6 HenHHeii:HOCT&, 

onpe.oenSieMaSI CyMMOA 6-ii: H 10-A rapMOHHK, cna6o 38BHCHT OT yrna a· 

B) H3 pHC. 2 cne.oyeT, 'ITO npH H3MeHeHHH yrna a senH'IHHa c onT' 

npH KOTOpOH OTCyTCTByeT B none 6-SI rapMOHHKa, 6y.oeT, nO-BHllHMOMy, 

T8K)Ke H3MeHSITbCSI, 

r) Hccne.oosaHHe pacnpe.oeneHHSI senH'IHH&I 6-A H 10-A rapMOHHK s.oon& 

OCH nHH3&I noKa3&IBaeT, 'ITO xapaKTep sToro pacnpe.oeneHHSI Ha KpaSIX nHH-

3bi OTnH'IeH OT pacnpe.oeneHHSI B UeHTpe nHH3bi, r.oe KpaeB&Ie 9~~eKTbi OT

CyTCTBYIOT, 3aBHCHMOCTb senH'IHH rapMOHHK OT pallHYCa s6nH3H KpaSI nHH3bi 

3Ha'IHTen&HO CnO)KHee, 'leM Ta, KOTOpaSI BbiTeKaeT H3 peiiieHHSI ypaBHeHHSI 

Jlannaca .ong 6ecKoHe'IHO .onHHHoA Ksa.opynon&aoA nHH3bi ( 1 ) • E&mo o6Hapy-

)KeHo, 'ITO Ha pa.oHyce 0,75 RM s6nH3H Kpag nHH3bi Bbi6pOCbi 6-A rapMOHH-

:J(H npH c • C no'ITH oTcyTCTBYJOT, a Ha pa.oHyce 0,915 R M 
onT 

6-SI rap-

MOHHK8 B 5-6 pa3 npeBbiWana senH'IHHY STOA rapMOHHKH, H3MepeHHOii: Ha 

TOM )Ke pa.oHyce s cepellHHe ocesoA .onHHhi nHH3&I. 

Ul . l1ccne.oosaHHe MOLIHd>HUHposaHHoro nnocKoro non10ca 

l13 PHC. 1 MO)KHO 3aMeTHT&, 'ITO npH c < c B none HC'Ie3aeT 
OnT. 

10-SI rapMOHHKao 0TCIOlla MO)KHO CllenaT& BbiBOll 0 TOM, 'ITO HanH'IHe Bb!C

Tyna Ha nnOCKOii: 'laCTH non10ca npHBelleT K cyweCTBeHHOMY yMeH&WeHHIO B 

none nHH3b! 1 0-A rapMOHHKH • .lleii:CTBHTen&HO, SKCnepHMeHT noKa3an, 'ITO 

8 

' 
I• ,,: 

.. · 
: ;.l ~~ r 

Ji 
~::~~ 
':"~ 

' 

.. 
' 

Q ___ 
- c ' "· ~~-,., 

S = o.~os,.. ... ~ 

006' ... . r,. = ~.: .. , 

O.Ol. 

ooz 

I L' • 
a·~ 0.3 OJ5 . ., 

()J)2 

PHc. 3. 3asHCHMOCT& KoscllcilHUHeHTa 6-A (h 6 ) , 

rapMOHHK nonS! OT WHpHHbi BbiCTyna a (npH b• 
llH~HUHposaHHoro nnocKoro non10ca. 

Q75 

as 

0..1 D. Ql 

PHc. 4. 3aBHCHMOCT& HenHHeAHOCTH nonS! OT p1 
ro nnocKoro non10ca ( c = 9,15 MM, b 
napaMeTp). KpHBaSI 1 - a=0,2RM , KpHBaSI 

a ::0,4RM 

9 



c 
) npH onpeaeneHHOM COOTHOWeHHH ""ft (pHC. 1) nonHOCTblO HC'Ie-

M 
-SI rapMOHHKa nonH ( c - pasMep nnocxoA 'laCTH non10ca, RM 

MSI'HHTHOA anepTypbl) • DpH STOM BenH'IHHa 6-A: rapMOHHKH HMeeT 

e sHa'leHae, 'leM eenH'IHHa 10-A npH c • c anSI noaaeneHHoA: 
onT 

Kos4J4JHUHeHTbl ITpH 6-A H 10-A I'SpMOHHKaX nonS! h 
6 H h9 Ka>K-

IOTaenbHOCTH 38BHCSIT OT yrna a( pH C. 2) • 06maSI >Ke HenHHeAHOCTb, 

SieMSSI cyMMOA 6-A H 10-A I'8pMOHHK1 Cna6o 38BHCHT OT yrna a. 

H3 pHC. 2 cneayeT, 'ITO npH H3MeHeHHH yrna a 
eenH'IHHa c onT' 

OpOH OTCyTCTByeT B none 6-SI rapMOHHKa, 6yaeT, ITO-BHAHMOMy, 

3MeHSITbCSI. 

accneaoeaHHe pacnpeaeneHHSI eenH'IHHbi 6-:a H 10-A rapMOHHK aaonb 

3bl ITOK83biBaeT, 'ITO XapaKTep STOI'O pacnpeaeneHHSI Ha KpSS!X nHH

'IeH oT pacnpeaeneHHSI a ueHTpe nHH3bi, rae xpaeebie s<P<PeKTbi oT

lOT. 3aBHCHMOCTb eenH'IHH rapMOHHK OT PBAHyCa BOnH3H KpaSI nHH3bi 

nbHO cno>KHee, 'leM Ta, KOTopaSI BbiTexaeT H3 peweHHSI ypaeHeHHSI 

anSI 6ecxoaeqao anHHHoA xeaapynonbHoA nHH3bi ( 1 ) • Ebmo o6aapy-

To Ha paaHyce 0, 75 RM BOnH3H KpaSI nHH3bi Bb!OpOCbl 6-A rapMOHH-

c = c no'ITH oTcyTCTBYlOT, a Ha paaHyce 0,915 RM 6-SI rap-onT 

B 5-6 pas npeBbiWana BenH'IHHy STOA 1"8pMOHHKH
1 

H3MepeHHOA: Ha 

paaHyce a cepeaHHe oceeoA AnHHbi naH3bi. 

III . 11 ccneL!oeaHHe MOAHd!HUHpoeaHHoro nnocxoro non10ca 

pRe. 1 MO>KHo saMeTHTb, 'ITO npH c < c a none HC'IesaeT 
OITT. 

MOHHKa. 0TCIOA8 MO>KHO CAenaTb BbiBOA 0 TOM, 'ITO HanH'IHe BbiC

nnoCKOif 'ISCTH non10ca npHB9A9T K Cyi!leCTBeHHOMy yMeHbiil9HHlO B 

3bi 10-A rapMOHHKH • .lleACTBHTenbH01 SKCnepHMeHT ITOK83an, 'ITO 
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PHc. 3. 3aeHCHMOCTb xos<P<PHUHeHTa 6-A (h 6 ) 1 10-A (h 
9

) H 14-A (h
13 

) 

rapMOHHK nonS! OT WHpHHbl BbiCTyna a (npH b=const H c "'const ) L!nSI MO-
AH4JHU~p0B8HHOI'O nnocxoro non10ca. 

Q7S 

Qs 

t 
l;, 

0,3 0. Ql 41 1.11 

PHc. 4. 3aBHCHMOCTb HenHHeAHOCTH nonS! OT paAHyca AnSI MOAH4JHUHPOBSHHo-
I'O nnocxoro non10ca ( c = 9,15 MM, b = 0,45 MM, RM = 10 MM, a -

napaMeTp). KpHBaSI 1 - a .. 0,2RM 1 KpHBaSI 2 -a -=0,3RM, KpHeaSI 3 -
a .. 0,4RM 
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npH onpelleneHHhiX aaa'leHHSIX paaMepos a , b H c (pHc. 3) B none 

nHH3hl npaKTH'l9CKH HC'l9389T He TOllbKO 6-H, HO H 10-H I"8pMOHHK8o npH 

9TOM cnellyeT OTM9THTb, 'ITO paaMep 'c" llnH 9TOI"O cny'laSI 6ylleT HeC-

KOnbKO 6onbWHM, 'leM c llnH nnocKoro non10ca. 
onT. 

DhinO HccnelloBaHo BnHHHHe BhiweyKaaaaHhiX paaMepos MOllHtflHilHposaa-

HOI"O non10ca Ha senH'lHHhl H3M9pHeMhiX I"apMOHHKo 

n OB9ll9HH9 I"apMOHHK npH pa3nH'lHOft WHpHHe BbiCTyna "a" H306pameHO 

sa pHc. 3, Ha pHc. 3 BHllHO, 'ITO c yMeHbweaHeM Koatfltf!HuHeHTa 10-A rap

MOHHKH (h 9 ) npH onpelleneHHhiX pa3MepaX ''a'~ H8'1HH89T 6hiCTp0 ysenH

'lHB8TbCSI KoatfltflHuHeHT 14-A rapMOHHKH ( h13) • B CBH3H c 9THM, c uenb!O 

onpelleneHHSI OnTHManbHOI"O BapHaHTa senH'lHH8 HenHHeftHOCTH M8I"HHTHOI"O 

nonH no pallHYCY 6hma paCC'lHTaHa llnH Tpex aaa'leHHA paaMepa" a'' (pHc. 4). 

a) a ""0,2R - B 9TOM cny'lae aenHHeAHOCTb MBI"HHTHOI"O nonS! npaK
M 

TH'l9CKH onpellenHnaCb nHWb HanH'lHeM 14-J:t I"apMOHHKH h 13 • 0, 091 (KpH-

BBH 1), 

6) a .. 0,3 RM - cny'laA, KOI"llB npHCyTCTBOBanH o6e rapMOHHKH, npH 

9TOM h 9 .. 0,012 1 h13 ,..0,048 (KpHBBH 2), 

s) a .0,4 RM - npaKTH'leCKH oTcyTcTsosana 14-SI rapMOHHKa H aenH

aeAHOCTb nonH onpellenHnacb senH'lHHOA 10-A rapMOHHKH h 9=ti,035 ,h18-0,005 

(KpHBaH 3), 

EcnH y'leCTb, 'ITO reoMeTpH'leCKaSI anepTypa llnH Tpy6oK llpeAtfla coc-

TaBnHeT 0,85 R M , TO H3 pH c. 4 cnellyeT, 'ITO cny'laA ( KOI"lla wHpHHa Bhi-

' 
CTyna COCTaBnHeT 0, .3 RM ) HBnHeTCH onTHManbHbiM, TBK KBK ll89T M9Hb-

WYIO HenHHeiiHOCTb MBI"HHTHOI"O nonS! B pa6o'left o6naCTH anepTyphl nHH3bl, 

obma oTMe'leHa cna6aH aasHCHMOCTb KoatfltfJHUHeHTa 6-A rapMOHHKH OT paa

Mepa• a" , B npellhillYWHX paccMOTpeHHSIX Mhi HCKn!O'lanH uanH'lHe 6-A rap-

MOHHKH, T,K, ee YllBBanOCb npaKTH'leCKH CB9CTH llO aynH COOTBeTCTBYIOWHM 

Bbi60pOM pa3Mepa , C ". 

10 

··.1.··.'' .. '. 

,,'> ( 

::1, ,-',' 

.~:·. i. y 

·~: '~ 

~ 
§. 
I~ ,t 
~ 
~r 

~~.·. 

·~ 
~! 

\ 

t1 

:~:'.f:' 1\·' ,''·t··, 

'!· ,:! 

I :1 

f&i, 
H. • 

1.1 

1.6 

1.4 

1.2 

1.0 
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I ~-QJ Ql, o.s 0.6 0.7 al 0.~ 

PHc. 5, 3aBHCHMOCTb aMnnHTYllhi BhiCWHX rapMOHI 

llnH MOllHtf!HuHposaaaoro nnocKoro non10ca, KpHBa. 

KpHBBH 2 - 10-J:t rapMOHHKH 1 KpHBBSI 3 - llnSI 14-
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npeueneHHbiX 3Ha'leHHSIX pa3Mepos a , b H c (pHc. 3) B none 

,, npaKTH'IeCKH HC'IeaaeT He TOnbKO 6-sr, Ho u: 10-sr rapMOHHKa. ITpH 

cneuyeT OTMeTHTb, 'ITO paaMep 'c" unsr aToro cny'lasr 6yueT aec-

0 60nbWH:M1 '19M c unsr nnocxoro nomoca. onT, 

Ebwo u:ccneuosaHo BnHsrHHe BbiWeyxaaaHHbiX paaMepos MOllH!j>H:IlHposaa-

nomoca Ha senH'IH:Hbi H3MepsreMbiX rapMOHHK, 

IT oseueHHe rapMOHHK npu: pasnu:'IHOA WHpu:ae BbiCTyna "a" H3o6paJKeHo 

C, 3, !13 pu:c. 3 BHllH01 'ITO C YM9HbW9HH9M KOS!jl!j>HUH:eHTa 10-fi rap-

1!: ( h 9 ) npH onpeueneHHbiX pasMepax '1l -~ Ha'IHHaeT 6biCTpo ysenH

csr xoa!j>!j>u:uHeHT 14-a rapMoHHKH: (h
13

) • B CBSI3H c STHM, c uenbiO 

eneHHSI OfiTH:ManbHOrO BSpHaHTa BenH'IHHS HenHHefiHOCTH MarHHTHoro 

o pauHycy 6bwa paCC'IHTaHa nnsr Tpex 3HS'IaHHA pasMepa" a" (pH c. 4). 

a = 0,2 R - B aToM cnyt~ae HenHHefiHOCTb MarHHTHoro nonsr npax-M 

u: onpenensrnacb nHWb HanH'IHeM 14-a rapMOHHKH h 
18 

-0, 091 (xpH-

) a == 0,3 RM - cnyt~aA, xorna npHcyTCTBosanH o6e rapMOHHKu:, IT pH 

9 =0,012 , h13 .. 0,048 ( KpHBSSI 2) • 

a =-0,4RM - npaKTH'IeCKH OTCyTCTBOBana 14-sr rapMOHHKa H HenH

Tb nonsr onpeuensrnacb senH'IHHoA 10-A rapMOHHKH h 
9
..ti,035 ,h

18
-0,005 

Sl 3) 0 

cnu: y'leCTb, 'ITO reoMeTpH'Iecxasr anepTypa unsr Tpy6ox npeA!j>a coc

T 0,85 R M , To H3 pH c. 4 cneuyeT, 'ITO cny'lafi ( xorna WHpHHa Bbi-
1 

COCTasnsreT 0, .3 RM ) srsnsreTCSI OfiTHMSnbHbiM, TSK KSK ll89T M9Hb-

nu:HefiHOCTb MarHHTHoro nonsr B pa6ot~eA o6nacTH anepTypbi nHH3bi, 

TMe'leHa cna6asr 3aBH:CU:MOCTb Koa!j>!j>HUH9HTa 6-fi rapMOHHKH OT pas

" • B npellblllYIUHX paccMoTpeHHsrx Mbi u:cxniO'IanH HanH'IHe 6-A rap-

, T,K, ee YllaBanOCb npaKTH'I9CKH CBeCTH llO Hynsr COOTB9TCTBYIOIUHM 

M pa3Mepa "c ", 
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PHc. 5, 3aBHCU:MocTb aMnnHTYllbi BbiCWHX rapMOHHK OT panHyca anepTypbi 
nnsr MOllH<!>u:uHposaHHoro nnocxoro non10ca, KpHBasr 1 - nnsr 6-a rapMOHHKH, 
KPHBasr 2 - 1 0-A rapMOHHK1!: 1 KpHBasr 3 - ansr 14-A rapMOHHKH, 
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3aBHCHMOCTb aenH'IHH rapMOHHK OT pa3MepOB,. b" 
,. .. 

H c TaKoaa: 

a) pa3Mep"b"' B OCHOBHOM OKa3biBaeT BnHSIHHe Ha BenH'IHHy 10-A rap

MOHHKH, cna6o - Ha 6-~ rapMOHHKY H npaKTH'IeCKH He anHSieT Ha aenH'IH-

Hy 14-A rapMOHHKH, 

6) pa3Mep , c" B OCHOBHOM onpe.QenSieT aenH'IHHy 6-ii rapMOHHKH H 

cna6o anHSieT Ha 10-~. Ha 14-~ rapMOHHKY pa3Mep npaKTH'IeCRH anHSIHHSI 

He OKa3biBaeT, 

npH onTHManbHbiX COOTHOW9HHSIX pa3MepOB" a': "b "11 , c'' HenHHeil:-

HOCTb nonS! Ha pa.QHyCe 0,75RM (pHC, 5) no rapMOHHKaM COCTaBnSieT: no 

6-il: rapMOHHKe - 0,01% (KpHBaSI 1), no 10-il: - 0,046% (KpHBaSI 2) H no 

14-A - 0,2% (KpHBaSI 3). TaKHM o6pa3oM, HenHHeii:HOCTb MarHHTHoro nonS! 

B n&H39 C MO.llH~HUHpOBaHHhlM nnOCKHM non~COM npaKTH'I9CKH onpe.QenSieTCSI 

HanH'IHeM 14-i!: rapMOHHKH, H o, TaK KaK STa rapMOHHKa HMeeT He6onhWyiO 

aenH'IHHY a npe.Qenax pa6o11ero pa.QHyca H pe3Ko na.QaeT K ueHTpy nHH3hi, 

TO MO)I{HO C'IHTaTb, 'ITO .QaHHblil: non~C HMeeT ny'IWHe noKa3aTenH no cpaa-

H9HH~ C nnOCKHM non~COM, 

Ha pHc. 6 npe.llcTaaneHa cyMMapHaSI HenHHeii:HOCTb MarHHTHoro nonS! 

B npoUeHTaX B 3aBHCHMOCTH OT pa.llHYCa anepTypbl, npH STOM pa.QHYC Mar-

HHTHOil: anepTypbl R M KaK .QnH nnOCKOrO, TaK H .QnH MO.llH~HUHpOBaHHOro 

nnocKoro non~ca npHHHT 3a e.QHHHUy. EcnH npe.QnonO)I{HTb, 'ITO .QonycTHMaH 

HenHHeii:HoCTb no non~ He .QOn*Ha npeabiWaTb 0,5%, To .QnH nnocKoro non~ 

ca pa6o'IHA pa.QHYC 6y.lleT cocTaanHTb 0,63 R M , a .llnSI MO.llH~HUHpoaaHHOro 
I 

nnocKoro non~ca - 0,79RM • TaKHM o6pa3oM HMeeM BhiHrpbiW a yaenH-

'IeHHH pa6o11ero pa.llHyca Ha 25%. AHanorH'IHhiM o6pa30M o6CTOHT .Qeno c 

HenHHeii:HOCTb~ rpa.QHeHTa MarHHTHOro nonH, npe.QCTaaneHHOrO Ha pHC, 7, 
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PHc. 6. 3aaHCHMOCTb cyMMapHoA HenHHeAHOCl 
.llnSI nnocKoro non~ca (KpHaaSI 1) H .QnSI MO.llE 
n~ca ( KPHBaSI 2), 
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OCTb aenH'IHH rapMOHHK OT pa3MepOB,. b" H"' c'" TaKOBa: 

ep .. b" B OCHOBHOM OKa3biBaeT BnHSIHHe Ha BenH'IHHy 10-A: rap-

6-ID rapMOHHKY H npaKTH'IeCKH He BnHSieT Ha aenH'IH-

OHHKH. 

ep "c" B OCHOBHOM onpeaenSieT aenH'IHHy 6-A: rapMOHHKH H 

Ha 1 0-w. H a 14-w rapMOHHKY pa3Mep npaKTH'IeCitH anHSIHHSI 

HManbHblX COOTHOWeHHSIX pa3MepOB, a': "b "H , c'' HenHHeA:-

a paaHyce 0, 75 R M (pH c. 5) no rapMOHHKaM cocTaanSieT: no 

e - 0,01% ( KpHBaSI 1), no 10-A: - 0,046% ( KpHBaSI 2) H no 

(KpHBaSI 3). TaKHM o6pa3oM, HenHHeA:HOCTb MarHHTHoro nonS! 

aH~HUHpOBaHHbiM nnOCKHM nOniDCOM npaKTH'IeCKH onpeaenSieTCSI 

a rapMoHHKH. Ho, TaK KaK aTa rapMOHHKa HMeeT He6onbWYIO 

peaenax pa6oqero paaHyca H pe3Ko naaaeT K ueHTPY nHH3bi, 

HTaTb, 'ITO aaHHbiA: nonwc HMeeT ny'lwHe noKa3aTenH no cpaa-

KHM nonwcoM. 

6 npeacTaaneHa cyMMapHaSI HenHHeAHOCTb MarHHTHoro nonS! 

B 3aBHCHMOCTH OT paaHyca anepTypblo TipH 9TOM paaHyC Mar-

'YPbi R M KaK anSI nnocKoro, TaK H anSI MoaH~HUHpoaaHHoro 

wca npHHSIT sa eaHHHUy. EcnH npeanono~HTb, 'ITO aonycTHMaSI 

no nonw He aon~Ha npeBbiWaTb 0,5%, To anSI nnocKoro nonw-

aaayc 6yaeT cocTaanSITb 0,63 R M , a anSI MoaH~HUHpoaaHHoro 

wca - 0,79R 
M • TaKHM o6pasoM HMeeM BbiHrpbiW a yaena-

ro paaayca Ha 25%. AHanorH'IHbiM o6pasoM o6cTOHT aeno c 

w rpaaaeHTa MarHHTHoro nonS!, npeacTaaneHHoro Ha pac. 7. 

12 
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Pac. B. 3aaacHMOCTb cyMMapHoA HenaHeA:HoCTH nonS! oT paaayca anepTypbi 
anSI nnocKoro nonwca (KpHBaSI 1) H anSI MOaH~HUHpoaaHHoro nnocKoro no
nwca ( KpHBaSI 2), 
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PHc. 7. 3asHCHMOCTb HenHHeAHoCTH rpaaHeHTa oT paaayca anepTypbi ans 
nnocKoro non~ca (KpHsas 1) H MOilH~HUHposaHHoro nnocKoro non~ca (KpH

sas 2). 
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IV • MeTOAHKa H3MepeHHS HenHHeAHoc 

nons B anepTYpe KBaapynon 

Oco6eHHOCTb KsaapynonbHbiX nHH3, npHMeHsreJ 

HeAHbiX yCKOpHTeneA, COCTOHT B TOM, 'ITO OHH HM9K 

DpocTpaHCTBeHHbiA o6'heM, s KOTopoM cocpeaoTo'leJ 

Man, H noaTOMY OU9HK8 HepaBHOMepHOCTH nonsr ~ 

HHSI senH'IHHbi nons H qpe3Bbi'IaAHo aaTpyaHHTe 

HOCTH MarHHTHoro nonsr B anepType nHH3bi onpea 

/4 6/ 
onHCaHHOA B pa6oTax • • OTnH'IHTenbHoA oco6 

SIBnSieTCSI TO, 'ITO Ha onpeaeneHHOM paaHyCe H3M~ 

UenOM, a OT)lenbHbie ero KOMnOHeHTbl ( rapMOHHKI 

aapsr cneuHanbHOA KOHCTpyKUHH H3MepHT9nbHbiX K 

DpH H3MepeHHH BbiCWHX rapMOHHK nonsr Ha 

KOTOpbi9 HM9~T anepTypy nopsraKa 20-30 MM, BOI 

38HHble C HaHeCeHH9M rapMOHH'IeCKOH nnoTHOCTH 

UHnHHilpH'IeCKOA KSTYWKH. OaHaKO H3MepeHHe BbH 

Tasnsr~wHX MarHHTHoro nonsr B anepType KBaapyi 

wei!: 'leTbipbMSI OCSIMH CHMM9TpHH, cyweCTB9HHO C 

MOTK9 H3MepHTenbHOA KSTYWKH • 

.lleii:CTBHTenbHO, HanH'IH9 nHWb 6-A, 10-A, 1 

MOHHK B MarHHTHOM none KBaapynonbHOA nHH3bl 

rapMOHH'IeCKOA nnOTHOCTH HaMOTKH II npHM9HHTb 

MepHbiM waroM. DpH aTOM H"3MepHTenbHasr KaTyw 

TenbHOA KO BCeM Bb!CWHM He'leTHOKpaTHbiM rapM 

a OHH B KBaapynonbHoA nHH3e HH'ITO>KHO Manbi. L 

>Kll9HHSI 6binH H3rOTOBn9Hbl llB9 H3MepHTenbHbi9 H 

KY nonsr MaKeTa KBaapynonbHOA nHH3bi c anepTy~ 

HMena rapMOHH'IeCKY~ nnOTHOCTb HSMOTKH, apyr1 
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MOCTb HenHHeii:HOCTH ~paaHeHTa OT paaHyca anepTypbi UnH 

ca (xpHaag 1) H MOUH~HUHposaaao~o nnocxo~o non~ca (xpH-

14 
.,. 

IV • MeTOLIHKa HSMepeHHH aenHHeftaocTH Ma~HHTHo~o 

nong B anepType xaaLipynonbaoa nHHSbi 

Oco6eaaocTb KBaLJpynonbHbiX nHHa, npHMeHBeMbiX a Tpy6xax apeA~a nH

aeAHbiX YCKOpHTeneft, COCTOHT B TOM, 'ITO OHH HMe~T He6onbWHe pa3Mepbi. 

TipOCTpaHCTBeHHblft 06'beM, B KOTOpOM COCpeLJOTO'IeHO Ma~HHTHOe none nHH3bi
1 

Man, H n09TOMY OUeHKa HepaBHOMepHOCTH nong MeTOUOM npHMO~O H3Mepe

HHH senH'IHHbi nong H 'lpeaabi'Iaftao aaTpyuHHTenbHa. CTeneab aenHaea-

HOCTH Ma~HHTHo~o nonH B anepType nHH3bi onpeuenHnacb no MeTOLIHKe, 

/4 6/ 
OnHCaHHOft B pa6oTaX ' • 0TnH'IHTenbHOil: OC06eHHOCTb~ 9TO~O MeTOLJa 

HBnHeTCH To, 'ITO Ha onpeaeneHHOM pauHyce HSMepHnocb He ace none a 

uenoM, a o~uenbHbie e~o KOMnoHeHTbi ( ~apMOHHKH). 3To aoaMO)f{HO 6na~o-

161 
LJapH cneUHanbHOft KOHCTpyKUHH H3MepHTenbHblX KaTyWeK • 

TipH H3MepeHHH Bb!CWHX ~apMOHHK nonH Ha pa60'IHX 06paauax nHH3
0 

KOTOpbie HMe~T anepTypy nopHLJKa 20-30 MM, B03HHKa~T TpyLJHOCTH, CBH

aaHHbie C HaHeCeHHeM ~apMOHH'IeCKOH nnOTHOCTH HaMOTKH Ha noeepXHOCTH 

UHnHHUPH'Iecxoa xaTywxH. Ouaaxo HSMepeHHe BbiCWHX ~apMOHH'IeCKHX coc

TaBnH~IUHX Ma~HHTHO~o nonH a anepType xsaupynonbHoil: nHH3bi, o6naLJa~

meil: 'leTblpbMH OCHMH CHMMeTpHH, CyiUeCTBeHHO CHH)f{8eT Tpe6oBaHHe I( Ha

MOTKe H3MepHTenbHOft KaTyWKH. 

JleftCTBHTenbHO, HanH'IHe nHWb 6-i!:, 10-i!:, 14-ft H T.U. KpaTHb!X ~ap

MOHHK B Ma~HHTHOM none KBaLJpynonbHOH nHH3hl noaeonHeT OTK838TbCH OT 

~apMOHH'IeCKOft nnOTHOCTH HaMOTKH H npHMeHHTb H8MOTKy KaTyWKH C paBHO

MepHbiM W8~0M. TipH 9TOM H3MepHTenbHaH KaTywxa OKa3biBaeTCH 'IYBCTBH

TenbHOft KO BCeM BbiCWHM He'leTHOKpaTHb!M ~apMOHHKaM Ma~HHTHO~O nonH, 

a OHH B KBaLJpynonbHOft nHH3e HH'ITO)f{HO Manbi. JlnH npoaepKH 9TO~O YTBep

)f{UeHHH 6binH H3~0TOBneHbl UBe H3MepHTenbHbie KaTyWKH Ha 6-~ ~apMOHH

KY nonH MaKeTa xsaLJpynonbaoa nHH3bi c anepTypoil: 60 MM. 0LJHa xaTywxa 

HMena ~apMOHH'IeCKy~ nnOTHOCTb HaMOTKH, LJpy~aH - paBHOMepHy~, C ne-
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PHOAOM, KpaTHblM 6-A 1"'8pMOHHKe. Peay1IbT8Tbl H3MepeHHSI HMenH paCX0)KA9-

HHe B npeAenax 1%. CneAyeT OTM9THTb, 'ITO HCnOnb30B8HHe H3MepHTen&HblX 

KaTyWeK C paBHOMep.aoA nnoTHOCTb~ HaMOTKH Tpe6yeT 6onee TO'IHOI"'O COB

MeWeHHSI U9HTpa H3MepHTenbHOA KaTyWKH C UeHTpOM KBaApynon&HOA nHH3bl 

npH HX yCTaHOBKe. 8 HaWeM cnyqae aTa TO'IHOCTb 6bma He Xy)Ke 0,05 MM 

H AOCTHI"'anac& C noMom&~ cneUHan&HOI"'O ~CTHpOBO'IHOI"'O ycrpoAcraa. 

V • 0 TO'IHOCTH M8l"'HHTHblX H3MepeHHA 

To'IHOCTb onpeAeneHHSI aenH'IHHbi rapMOHH'IeCKHX cocTaBnSI~mHx Mal"'HHT

Horo nonSI 38BHCena OT MHOI"'HX ~8KTOpOB H npe)I(Ae BC91"'0 OT KOHCTPYKUHH 

H3MepHTenbHO:li KaTyWKHe 

BenH'IHHa n -oA rapMOHHKH onpeAenSieTCSI no ~OpMyne: 
<ll 

If 3M, <ll • lO 8 
If 3M, 

H ]. 
Sa~~. 20 e N !~n a

1 

a peT. n 
(8) 

<ll l"'Ae - noxaaaHHSI ae6epMerpa, H3M, S a~~. -a~~eKTHBHaSI nnowaA& 

H3MepHTen&HOH KaTyWKH, D, f - AHaMeTp H AnHHa UHnHHAPH'IecxoA KaTyw-

KH, N - 'IHcno naaoa (BifTKoa) Ha Anlf.ae AYI"'H, a, yrnoBaSI KOOpAHHa-
Ta 

-1"'0 na3a B UlfnHHApH'I9CKOH CHCTeMe KOOpAHHaT. 

MaKCHMan&HaSI norpew.aocr& onpeAeneHHSI aenH'IIfHbi nonSI H 

CHT OT cneAy~mHX KOMnOH9HT: 

~H 

H 

~<ll 
H3M, 

<flH3M, 

~D ~e ~a N 
+--+-+-n2 

D e a 
cos n a. 

38BH-

Ka*AOe cnaraeMoe a OTAen&HOCTH onpeAenSieTCSI TO'IHOCTb~ Hcnon&ayeMbiX 

~<ll 
H3MepHTen&HbiX HHcrpyMeHToa. Tax, aenH'IHHa <I> HaM. "'2,5% onpe-

H3M. ~D 
AenSieTcSI TO'IHOCT&~ lf3MepeHHSI ae6epMerpa THna 4>-18, D "'0,05%-

TO'IHOCTb~ H3l"'OTOBneHHSl UHnHHApH'IeCKOA H3MepHTenbHOA KaTyWKH, To'IHOCTb 

16 

M npH onpeAeneHHif AnHHbi KaTywex paa.aa r-• 
M 

HoA 20 MM H T = 10% - AnSI KaTywex AnHHo 

CTo1Ib .BbiCOKHe norpewHoCTH CBSI3aHbi c F. 

o6paay~mHXCSI H3-3a HanO)K9HHSI Apyr Ha Apyra 

PHTen&HoA KBTYWKH, 

MaxCHMan&HaSI norpewHOCTb a onpeAene.aH 

(BHTKa) COCTaanSieT: 

4% - AnSI 14-A l"'o!IPMOHHKH 

2,5% - AnSI 10-A 1"'8pMOHHKH 

1,5% AnSI 6-A I"'apMOHHKH , 

CneAyeT OTM9THTb, 'ITO BHTKH H3MepHTen& 

a cneuHan&Ho CAenaHHbie naabJ, Tiaa paaMepoM ( 

TO'IHOCT&~ 10 yl"'nOBbiX CeKyHA C noMom&~ onTH 

06maSI norpeWHOCTb B onpeAeneHHH BbiCWH: 

BHw-6 ,5% ,88
10

=7,5% , 88
14 

.. 9%. 

Ecnlf y'leCTb, 'ITO OCHOBH8SI (BTOpaSI) 1"'8pN. 

KBaApynon&.aoA nHH3bi npHMep.ao a 100 paa npea1 

BbiCWHX 1"'8pMOHHK, TO TO'IHOCT& B OnpeAeneHHH I 

nonSI nOBbiWaeTCSI Ha ABa nopSIAKa H COCTaBnSieT 

l13MepHTen&Hb19 KaTyWKH AnHHOA B 5 MM H4 

OTHOCHTen~HblX H3MepeHifA ( HanpHMep, AnSI H3M9J 

3bl), 

VI • 3axn~'leHHe 

1, MoAH~HUHpoaaHHbiH nnoCKHii non~c no cp 

COM A89T B03MO)KHOCTb CyWeCTBeHHO paCWHplfTb 

nHH3bi 6e3 yaenH'I9HHSI l"'a6apHTOB C8MOA nHH3bl ( 
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KpaTHbiM 6-A rapMOHHKe. PeayllbTaTbi HSMepeHHSI HMenH paCXO)I(Jle

eJlenax 1%, CneJlyeT OTMeTHTb, 'ITO HcnonbSOBaHHe H3MepHTellbHbiX 

C paBHOMepHOA nnOTHOCTbiD HaMOTKH TpeoyeT oonee TO'IHOI'O COB

ueHTpa H3MepHTenbHOA KaTylliKH C UeHTpOM KBaJlpynonbHOA nHH3bl 

cTaHOBKe. B aarneM cnyqae 9Ta TO'IHOCTb Obina He xy*e 0,05 MM 

anacb C ITOMOllibiD cneUHanbHOI'O IDCTHPOBO'IHOI'O yCTpoACTBa, 

V o 0 TO'IHOCTH Mai'HHTHbiX H3MepeHHA 

HOCTb orrpeJleneHHSI BenH'IHHbl rapMOHH'leCKHX COCTaBnSJIDUIHX Mai'HHT

SI 3aBHCena OT MHOI'HX ~aKTOpOB H rrpe)I{Jle BCei'O OT KOHCTpyKUHH 

nbHOii KaTylliKHo 

n -oii rapMOHHKH onpeaensteTcst no ~opMyne: 

!I> 
H3M, 

!I> • lO 8 
H3M, 

]. (8) 9\'CT, 
20 r N ! coso a

1 
s 9~~. 

- noKaaaHHst BeoepMeTpa, 
3M, S 9~~. -9~~eKTHBHast nnomaJlb 

nbHOii KaTylliKH, D. r - JlHaMeTp H JlnHHa UHnHHJlpH'leCKOA KaTyru-

'IHCnO na30B (BHTKOB) Ha JlnHHe llYI'H, a, yrnoBast KOOPilHHa-

0 na3a B UHnHHilpH'leCKoii CHCTeMe KOOpllHHaT, 

CHManbHast norpernaoCTb onpeaeneHHst BenH'IHHbi nonst H 

KOMnoHeHT: 

!1!1> 
H3M, 

!IJH3M, 

L'\D L'1r L'\a N 
+-+-+--n~ 

D r a t 
cos n a. 

3aBH-

naraeMoe B OTJlenbHOCTH onpeaensteTCSI TO'iHOCTbiD HCnonbayeMbiX 

!1!1> 
nbHbiX HHCTpyMeHToB, TaK, BenH'IHHa iii HaM. "'2,5% onpe-

H3M, L'\D 
TO'IHoCTbro H3MepeHHH BeoepMeTpa THna !1>-18. D = 0,05%-

HSI'oToBneHHst UHnHHilpH'leCKoA H3MepHTenbHOA Kal'ylliKH, To'iHOCTb 
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... ~ 

M 
rrpH onpeaeneHHH JlnHHbi KaTyrneK paBHa r- •2,5% - Jlnst KaTyrneK JlnH-

M 
HOA 20 MM H -f-"' 10% - Jlnst KaTyllieK llnHHOA 5 MM, 

CTOllb BbiCOKHe norpelliHOCTH CBSJ3aHbl C HanH'l:HeM nOOOBbiX 'laCTeA, 

oopaayiDUIHXCSI H3-3a Hano)l(eHHSI llPYI' Ha Jlpyra BHTKOB npH HaMOTKe H3Me

pHTenbHOii Kal'ylliKH, 

MaKCHManbHast norpernHOCTb B onpeJleneHHH yrnoBbiX KOOpllHHaT nasa 

(BHTKa) COCTaBnsteT: 

4% - Jlnst 14-ii I'~pMOHHKH 

2,5% - llnst 10-ii rapMOHHKH 

1,5% anst 6-A rapMOHHKH • 

CneayeT OTMeTHTb, 'ITO BHTKH H3MepHTenbHOA Kal'ylliKH yKnallbiBanHCb 

B cneu_HanbHO caenaHHbie naabi, TI aa paaMepoM 0,1 x 0,1 MM HaHocHncst c 

TO'l:HOCTbiD 10 yrnOBb!X CeKyHil C nOMOUlbiD onTH'l:eCKOii I'OnOBKH, 

06utast norpelliHOCTb B onpeaeneHHH Bb!ClliHX I'apMOHHK COCTaBnstna: 

8Hf'6 ,5% ,8H10=7,5% , 8H
14

=9%. 

EcnH y'l:eCTb, 'ITo oCHOBHast (BTopast) rapMOHHKa Mai'HHTHoro nonst 

KBallpynonbHOii nHH3bi npHMepHO B 100 pas npeBbilliaeT nrooyro H3 BenH'l:HH 
• 

BbiClliHX I'apMOHHK, TO TO'l:HOCTb B onpeaeneHHH HenHHeiiHOCTH Mai'HHTHOI'O 

nonst nOBbilliaeTCSI Ha llBa nopstllK8 H COCTaBnsteT "' 0,2%, 

l13MepHTenbHbie KaTylliKH llnHHO:il: B 5 MM HCnonb30BanHCb nHllib anst 

OTHOCHTenbHbiX H3MepeHHii (HanpHMep, anst H3MepeHHSI nonst BllOnb OCH nHH-

3bl). 

VI , 3aKnro'l:eHHe 

1. MoaH~HUHpoBaHHbiA nnoCKHA nonroc no cpaBHeHHro c nnocKHM nonro

coM aaeT B03MO)I(HOCTb cyuteCTBeHHO paClliHpHTb .. paOO'l:Hii .. pallHYC anepTypbl 

nHH3bl 6ea yBenH'l:eHHSI raoapHTOB CaMoii nHH3bl ( PHC. 6, 7). 
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Tax xax STOT sonpoc oco6eaao axTyanea npH npoeKTHposaHHH ~ecT

xocpoxycHpyJOlllHX KaHanOB B nHHe:ltHb!X yCKOpHTenSIX ( BBHay orpaHH"'eHHOCTH 

BHeWHero aHaMeTpa nHH3), TO MOaHcpHUHpOBaHHb!:lt nnOCKH:lt nonJOC MO~eT 

6biTb pexoMeaaosaa anSI xsaapynonbHbiX nHH3 nHae:ltahrx ycxopHTene:lt. B 

"'aCTHOCTH, MOaHcpHUHpOBaHHb!:lt nnopKH:lt nonJOC npHHSIT anSI CTp0Silll9r'OCSI 

B nB3 OH.HH nHHe:ltaoro ycxopHTenSI c ~eCTKO:lt cpoxycHpOBKO:lt Ha 20 Mss. 

2, ~eTanbaoe HCcneaosaHHe aenHae:ltaocTH MarHHTHoro nonSI s anep

Type nHH3 C MOaHcpHUHpOBaHHh!M nnOCKHM nonJOCOM llOKaaano, 'ITO B WHpOKHX 

npeaenax H3MeHeHHSI paaHyca MarHHTHo:lt anepTypbi RM , senH"'HHbi 6-:lt 

H 10-:lt rapMOHHK CBeaeHhl npaKTH"'9CKH ao HynSI npH cneayJOlllHX COOTHOWe

HHSIX OCHOBHh!X pa3MepOB (pHC, 3), 

a .. 0,3 RM 

b"' 0,054 RM 

c =0,952RM. 

ABTOph! aaHHO:lt pa60Thl C"'HTaJOT CBOHM npHSITHb!M aonrOM Bbipa3HTb 

6naroaapHOCTb ~.11. lllepCTSIHOBy, rr.r. Cepo6a6e, B.H. Xpeaosy, npHHHMaB

WHM y"'aCTHe B nposeaeHHH Mar'HHTHbiX H3MepeHH:lt, .. 
n H T e p a T y p a 

1. H.M. Kan"'HHCKH:lt. ~HHaMHKa "'aCTHU s nHHe:ltHhiX peaoaaacabrx ycKopHTe

nSIX, ATOMHaaaT, 1866. 
I 

2, H.M. Kan"'HHCKH:lt, B.K. ITnoTHHKOB, MarHHTHhie KBaapynonbHbre nHH3hi 

anSI nHHe:ltaoro ycKOpHTenSI C nponeTHb!MH Tpy6KaMH.flT3, ~' 15 (1863), 

3, B.K. ITnoTHHKOB. 0 Bbr6ope cpopMbr non10cos KsaapynonbHbiX nHH3, ITT3, 

Ng2, 1862. 

4. E.H. ~aHHnbues, B.K. ITnoTHHKOB, MarHHTHhie xsaapynonbHbie nHH3bi anSI 

nHHe:ltaoro ycKopHTenSI c nponeTHhiMH Tpy6KaMH, ITT3, N.!3, 1863. 
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5, 10.~. Be3HOr'HX, M.A. BoesoaHH, n.rr. 3HHOBbel 

nJOCOB KBaapynonbHb!X nHH3 anSI ~9CTKOcpqKyCH 

HbiX nHHe:ltHhiX ycxopHTene:lt, CosemaaHe no cpa 

~eHHhiX "'aCTHU BhiCOKHX saeprH:lt. ITpenpHHT C 

UH:lt), 8-3582, ~y6aa, 1867. 

6. H.H. fpeKOB, n.rr. PS16os, n.n. ronbaHH, I13Me) 

ycxopHTene:lt c ~eCTKo:lt cpoKycHposxo:lt. ITT3, J 

PyKonHCb nocTynHna 

5 asrycTa l 
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x 3TOT sonpoc oco6eaao axTyaneH npn npoeKTHposaHHH ~ecT

mnx xaaanos s nnaeAHhiX ycxopnTenHx (ssnay orpaan~eHHOCTH 

aMeTpa nHH3) 1 TO MOaH!jJHUHpOSaHHhiA nnOCKHA nomoc MO~eT 

aaosaH anSI xsaapynonhHhiX nHH3 nnaeAHhiX ycxopHTeneA. B 

oaH!jJHUHposaHHhiA nnOCKHA nomoc npHHHT anSI CTpO~erOCH 

nuaetiaoro ycxopnTenH c ~ecTxoA tjloxycuposxoA aa 20 Mas. 

nbaoe nccneaosaane aennaeAHOCTH MarHHTHoro nonH s anep-

MOaH!jJHUHpOsaHHhiM nnOCKHM nomoCOM noxaaano, ~TO S mHpOKHX 

eaeHHH paanyca MarHHTHoA anepTyphi RM , senH~HHhi 6-A 

OHHK CseaeHhl npaKTH~eCKH ao HynH npH cneayJOWHX COOTHOme

IX pa3Mepos (puc. 3). 

RM 
4 RM 
2RM. 

aaHHOA pa60Thl C~HTalOT CSOHM npHHTHhiM aonroM Sblp83HTb 

b n.l1. llJepcTHHOSy, rr.r. Cepo6a6e, B.l1. Xpeaosy, npHHHMas-

S nposeaeHHH MarHHTHhiX H3MepeHHH, .. 

fl H T e p a T y p a 

HHCKHH. nHHaMHKa ~aCTHU S naHeAHhiX pe30H8HCHhiX yCKOpHTe

H3aaT, 1966. 
I 

HHcxuA, B.K. ITnoTHHKos. MarHHTHhre xsaapynonhHhie nHH3hi 

aoro ycxopnTenH c nponeTHhiMH Tpy6xaMn.ITT3, ~. 15 (1963), 

HHKos. 0 Shi6ope tjlopMhi non10cos xsaapynonbHhrx nHH3, ITT3, 

hUes, B.K. ITnoTHHKos. MarHHTHhie xsaapynonbHhie nHH3hi anSI 

ycxopHTenSI c nponeTHhiMH Tpy6xaMH. ITT3, N93, 1963. 
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5. IO.n. Be3HOrHx, M.A. BoesoanH, n.rr. 3HH0Sbes. 0 Shi6ope npotjJHnH no

nJOCOS xsaapynonbHhiX nHH3 anSI ~ecTxotjloxycnpyJOmero KaHana npoToH

HhiX nHHeHHhiX ycxopHTeneA. Cosemaane no tjlopM«posaHHIO ny~xos 3apsr

~eHHhiX ~aCTHU ShiCOKHX aaepr«A. ITpenpHHT Ol1.Hl1 ( c6opHHK aaaoTa

UHA), 9-3582, ny6aa, 1967. 

6. H.H. fpexos, n.rr. PH6os, n.n. ronhaHH. l13MepeHHe nonsr MarHHTOS 

ycxopHTeneA c ~eCTKOA tjloxycHposxoti. ITT3, N92, 1956. 

Pyxonnch nocTynHna s H3aaTenbCKHA oTaen 

5 asrycTa 1970 roaa. 
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