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Tpe6osaaae nony"<eHHSI Bhrse.neHHhiX ny"<KOB qacTHU .nnHTen hHOCThlO Meaee 100 MK ceK 

HBnsteTCR BeCbM8 UKTyBnbHbiM .O.nH npaKT HKH COBp9M8H H Of"O ¢H3H \1 9CKOI"'O 3KCnepHMeH T8. Vfa 

8H8nli38 M9TO.OOB , npHMeHH8MbiX B HBCTOHutee B p eMSI HB CHHXpO<lJ830TpOH 8X .OJHI BbiBO.n,a 

ny t~K8 HB MHW8Hb, Cne.a.yeT, 1.fTO t.{8CTb H3 H HX B006We He npHI"'O.llH8 JlnH 3THX ueneJ:t, 8 npH 

ocywecTsneHHH .opyrHx B03HHKaeT pS!.O TeXHH'<eCKHX Tpy.oaocTell. DellcTBHTenbHO, npH 

"o6.nHpKe' 1.f8CTH.U C 6onbUJHMH p8JlH8nbHbiMH KOn€68HHHMK ll.B>Ke U8HOA 3H81.J:HT9flbHOt:l no

Te pH HHTeHCHBHOCTH He y.oaeTCSI nony"<HTb .QnHTenbHOCTH Kopoqe I MCeK
111

• npH 6biCTpOM 

/ no C p aBHeHH!O C nepHO.QOM ¢a30BblX KOne68HHl!/ HapyweHHH ycnOBHi\ ctJa30BOl! yCTOii'<HBOC -

TH yCKOpHeMOI"'O cryCTK8 coy.aapeHHe ti8CTHU C MHWeHbiO ,nnHTCSI B TetteHHe BpeM9HH no

pH.OK8 nepHo.oa ¢a30Bbrx Kone6aHHA/ t / . 8o36y»<.neHHe a3HMyTanhHOil acHMMeTpHH MarHHT-

Horo nons:r c noMOlll.biO 6ea>Kenesaoro MarHHTa, pacnono>KeHHoro a npHMOnHHeAHOM npoMe-

»< yTKe B np"HUHne 003BOnHeT OCylU9CTBHTb Bb!BO.Q ny'<K8 H8 MHWeHb 3a Bp9MSI nOpSI.QK8 

HeCKOnhKHX .necHTKOB MKCeK
1 21

• H o npH peanH38UHH aToro MeTo.na Ha npaKTHKe B03HHKa-

lOT T9XHHt.f9CKHe Tpy.OHOCTH 1 KOTOpble Bbl3hiB8lOT He06XO.OHMOCTb ysenH tt HB8Tb .O.n HTeflbHOCTH 

Coy.napeHH.l qaCTHU C MHWeHblO. 8 n~pBylO oqep e.Ob 3TO CBH3aHO C TeM, '<TO ycnOBHH nona

.QaHHSI H8 MHWeHb BCero y CKOpeHHOrO nyqKa 6e3 ITO<\epb HaKnS.Qb!BalOT orpaHH'<9 HHSI Ha CKO

pOCTb Hapac T aHHH B03MyweHHl'i . C .opyr oA cTopoHbr, ycnoi!HR coy.oapeHHR c MliweHbJO ynyq- · 

waJOTCH, ecnH MarHHTaoe none 6ea>Kene3aoro M8rHHT8, o.a.Hopo.nHo a pa.ruranbHdM Hanpaa

neHI!H / 3 1. 8 peaynhTaTe pa.nl!anhHbre p a3Mepbr 6e3»<eneaHoro MarHHTa, a cne.nosaTenbHO, 

U e r a H H .UyKTHBHOCTb npHXO.O.HTCSI yaen H Y HB 8 Tb , "'TO B KOH e"'HOM Cl.J:eTe TaK>Ke npHBO.O.HT K 

y senHqeHH!O Bp e M eHH COy.oapeHH SI ny '<K8 C MHWeH blO . 

8sH.ny 3 T o r o 6onbwoll HHTepec Bhl3hiBaeT B03MO»< HOCTh npHMeHeHHH napaMeTpHqecKo

ro /nonyuenoro/ p e30H8HC8 K8K .nnsr: BbiBO.ll8 yCKOpeHHbiX "18CTHU H8 MHWeHb, T8K H .llnH 

Bb!BO.QB yCKOpeHHOrO nyqKa 113 KaMepb! CHHXpo¢a30TpOH8. 3Ta 803MO>KHOCTb 06cy»<.nan8Cb. 

8 ni! T epaType npHMeHHTenbHO K ycnOBHSIM Cna6o¢oKyCHpyrowHx/
4

/ H CHnbHOcPOKYCIIpy !Ollli!X 

ycKopHTenel!
15

•
61

• VicKyccTseHHoe B036y»<.neHI!e napaMeTpaqecKoro pe30HaHca no3BOnHeT 

nony1.fHTb speMeH8 838H.MOLJ.eA:CTBlHI "18CTH.U C MHWeHbiO nopst.UK8 ~eCKOnbKHX ,neCSITKOB o6o

pOTOB. n p aKTH"'eCKH BbiBO.Q nyt.tK8 H8 MHWeHb 3THM MeTO.OOM 6b!n OCylUeCTBneH TOnbKO B 

ManOM aneKTpOHHOM CHHXpOTpOHe H8 3HeprH!O 70 Maa
171 

II .nan XOpOWI!e pe3ynhT8Tbl . 

8 HaCTOSI!U9ll pa6oTe paCCMaTpi!BalOTCSI OCHOBHbl9 X8p8KTepHCTHKH napaM9TpH'<9CKOrO 

pe30HaHca Ha n p HMepe cna6o¢oKycHp yrowero CH HX p o¢a30TpoHa , onHcbrsaeTcA cucTeMa, n pH

MeHe}laast .nnst BbiBO.ll8 Y 8CTHU H8 M H WeHb noc p e.O.CTBOM B036y>K.OeHHSI napaMeTpH'IeCKOrO 

pe30H8HC8 B CIIHXpo¢a30TpOHe Ha 10 r as . Coo6wa!OTCH pe3ynbTaTbl 3KCnepHMeHTOB , KOTo·

p bre Cp8BHHB8!0TCH C pe3y nbT aT8MH '<I!CneHHblX pacqeTOB . 
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OcHOBHbJ e xa~KTepHCTHKH HapaMeTpHYecKoro 

p e30H8HC8 

neii:CTBHe napaMeTpHY eC KOf"O p e30II8HC8 0 yCK O p~fTennX HCCJleLl OB8110Cb D O MHOf"HX pa-

60TBX /eM., HanpHMep/
8 ·91 / . B CBH3H c 3 THM Mbl nHWb KpBTKO ocTllHODHMCH u a e ro oc 

HOBH biX Xap8KTepHCTHK8X B Cna6ocf:JoKyC Hpy10WHX CHHX pO ll.J830Tp0H 8X . 

flapaMeTpHYeCKH"ii: p e30H8HC np O s:!Bllf! e TCfl npH l-1811HY~il1 HC KB)KeHHs:J ll0K838Te11SI f!OJISI . n 

n KpHDH 3 H bJ 3BMKHyToA o p6HT hl . Ha11 6onee :3cfxP e KTHBH O C03llBTb pe30HBHC Hble ycnoBH51 Mo>K-

H 0 1 H O:=\ Me Hs:Jfl 0lli1H8KOBbiM o6 p830 M II OK 838Tellb 11 011S1 n B nsyx cocen HHX KoanpanTax, 

TBK lfT06bJ c penHee 3 118'-l ei-m e n o ycKOpHTene cooTaeTCTBOBBli O ycnoBHlO pe3onauca. CH-

ny p e3o Hanc a npu :3T OM 6y neT o npenenHTh nepaa51 rapMotm Ka B03Myw:eHHH. 

YpaoHeHH e n nH panHBllbH bJX 6eTaTpOHHbiX KOn e6a tmH. B paccMaTpHaaeMoM cnyyae 

HM eeT B11,ll: 
x" + v 2 x = c\ g (0) x 

0 I l l 

3necb X - O TKJ10H €H He Y8CTHUbl OT Mf"HOBe HHOA op6HTbl, V 
0 

-4H C110 KOn e6BHHA H8 

o.aHoM o6opo T exl. DHcj:Jcj:JepeHuHposa Hll e npo1<3BO.OIITCSI n o a3HMy TanbHOMy yrny 0 = _ :. , 
r.. 

S - TeKyLUa<! .Oni1H8 B.OOn b Op6HT bl. 0TC 'I8T yrna (} 6y.aeT npO ii3BO.O HTbCSI OT cepe-

.llHH bl npoMe>K yTKB, H8XO.llS!Wef"OC 51 nepen n epBbiM B 03 MYUJ.eHHbiM Kt18.Up8HTOM . cDyHK UIHI 

1\ €(0) = { 1+ L ).\ n(O) swnSie T C SI n e pu o.a H'I eCKOll c uepH O.OOM pae Hb!M 2r. 
" R0 

• CpP,aHee 3 Haq u -

Hf!e cj:Jy HKUIHI \ g (O) o npe.aenSieT C M 8LU8 Hf!e 'IBCTOTbl 

6 v = - _L tl. g (OJ = - ~ r 1 + ___2_L J. . 121 
o 2 v 4 v TT R 

0 0 0 

8 CBSI3R C 3 THM B .O flnbHel\LUeM Mbl M0)!{8M B f'l.g(O) Y'I'ITbiBBTb TOnbK O n epHO.OH'IeCKyiO 

'-l 8CTb, H, BBOllSI B '-l BCTOTy fl011p8BKY COf"n8C H O QJopMyne /2/ 1 C'-lHT8Tb, '-lTO B B03Myl.l...leHHOA 

M B WHHe 
v=v

0 
+11v

0
, 

131 

,QonyCTH M, 'ITO BenH'If!HB B03MYLU8HHSI B 0 (0) no.ao6paHa T8KI1M o6p830M, 'ITO 'I 8CTOT8 

KOne68 HHA, ltpHHHM8eT TO"'HO p e30H8HCHOe 3H8'-leH He V =' Y:J B cooTeeTCTB~H c aHnoM 

B03MYLU9HHSI B cj:JyHKUH H [ l'l.grO) - l'l.!I(O)] OCHOBHOl\ 6y.aeT nepBBSI rapMOHRKB p a3no-
1 

)!{eHHSI <l>ypbe C BMnnHTy .00!1 

d = 2l'l.n 
TT 

2 f l . [l+_r 
TT 0 

/41 

x/ n oc KOnbKy HBLU pacqe T HOCI1T HnniOCTpBTHBHblil X8p8KTep , npH OOHC8HHH 6eTBTpOH 

Hb!X KOne68H>!il B C I!HXpOcj:JB30TpOHe C npS!MOnf!Hel!H b!MH npoMe)!{yTK8MI1 pB.OH npOCTOTbl Mbl 

6y ,a eM non b30B8TbCSI cj:JOpMynBMH ,anSI KpyrOBO!I MBLU 11Hbl , 3cj:Jcj:JeK TI1BHbll! pB.OHy C KOTOpOl! 

R = R ( 1 + ~ ) H v = J~ ( 1 + --L,_ ) r.ae f 
o "no o " .. 'o 

.amma npSIMOnHHeliY1tJ7 yqacTKa, R 0 -pa.aHyc p&eH oeec Hol! op6HTb! e Kea.apaHTax. KaK 
noKB3BHo s pa6oTe , TaKoe "rna.aKoe" np116nH)!{ e HHe B CHHxpocj:Ja3oTpoHe OvH!VI xopo-

wo COf"118CyeTCH C peaynbT8T8MH TO'-lHOA TeOpHH . 
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Ypaaueuue /1/ MO>KHO nepenucaT& Tene pb c ne.ayKHUHM o6paaoM: 

z" + .,•" = " :I sin 0 o 

6y.aeM HCK8Tb ero peW9HH9 npH TO'IHOM pe30H8KCe 8 BH.lle : 

npHM9HSISI M9TO.ll 

b(6J: 

" 

z(OI = a(O) cos f + b(O) sin~ 
Ill/ 

ycpe.aueuu11 ,nony'IHM cne.ayJOwue yKopo'leHH&re 

a·- d 
- 2-

b'- d b 
2 

a ' 

ain o/2 0 

/5/ 

/6/ 

ypaaueuu11 . .an11 a (0} 

171 

/8/ 

Koa<j:l<j:luuHeKTbl a 
0 

H 

KOne68KKII npK 0 = 0 o 

b
0 

onpe.aellii!OTCII HB'IBnbHbiMH 3H8'1eHHIIMH 8M11nHTy.llbl H <j:!B3bl 

H 

i-13 ypaBH9HHII /8/, ao-nepBbiX, cne.ayeT, 'ITO npH TO'IKOM pe30HBKCe I'= 'h BMn-

nKTy .!18 KOne6BHKII 6biCTp0 B03p8CT89T - 8 d(J; 
2 

, CKOpOCTb B03p8CTBHHII 38BHCHT OT 

BMRnKTY.llbl B03MyweHHII d • Bo-aTop&rx, c pocTOM 8 <j:laabl 'IBCTKU npu napaMeT-

pH'19CKOM pe30K8KCe CTKrKBB!OTCR K O.llHOll, T.e. MBKCHMYM KOne6aKHII BC9X 'IBCTHU .llOCTH-

raeTCII 118 O.llKOM H TOM >Ke 83HMyTe, COOTBeTCTByroweM KOKUY B03MYUl9HHR. 

Ecnu peaouaucable ycnoauR B&rnonueu&r ueTo'luo, TO xapaKTep .llBH>KeHHR qacTuu, K8K 

110K83bl889T .ll9T811bH09 p8CCMOTp9HH9/G/, 38BHCHT OT B911H'IHHbl p8CCTpOIIKH {) = I' - 'h 

illupuua peaouaucuoll nonoc&r onpe.aenReTcR aenH'lKKOA B03MyweHKR H cocTaBnReT ± I p I 
r.ae p =-/.;- • npu S >> p , KOr.ll8 p860'18R TO'IK8 K8XO.llHTCR B.ll811H OT pe30HBHCHOII 

110110Cbl, p930K8HC He .aellcTayeT K KOne68KKR COBepW8lOTCR C IJOCTOIIHHOII 8MI1nKTY.llOII. no

Mepe npu6nH>K9KHH pa6o'lell TO'IKH K rpauuue n o noc&r aMnnuTy.aa Kone6auuA K8'1HK8eT aoa

pac TBTb, H B03HKK8IOT 6KeHHRo r ny6nua 6n e unll, T oeo OTKOWeKH9 M8KCKM811bHOII 8MnnuTy-

.O bi K MHHHM8JlbHOA, onpe.a e .nste T CSI B bi p a>Ke HH e M: 

I~ = r ~-L':.JJ,_I _ _ _ 
l a lmln l ol - l r l 

a nepuo.a 6neuuA paaen 

,, ,, 
191 

1101 

Kor.aa pa6o'I8R TO'IK8 axo.anT a uyT p b pea oua u c uoA nonocbl ( S <I P I I , BMnnHTy.aa KO 

n e 6aunA ueorpauuqe uuo a oapacTaeTo CKopocTb aoapacTaunR aMnnHTY.ll&I yaenn'luaaeTCR c 

YM9HbW9HK9M s 
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Ha p11c. I np11ae.neHbi p e3ynbT8Tbi q11cneHHoro pacqeTa , npoae.neHHoro Ha aneKTpOHHo-

ClJ8THOA M8WHH8 1 Lllls:l peBJlbHOf'O Cll y1.f8Sl, KOf'Ll8 B811H"'H.H8 B03MYW8HH51 '\n BBO.OHMOf'O 

a o6a Ksa.a.paHTa, nocTeneHHO HapacTaeT so apeMeHH. Pact.teT npoH 3BO.OH 11CSI no TOl.J.HhiM 

Q::>o pMy118M .£lBH>K8HrtSI 1.f8CTHU B M8f'HHTHOM none B rtp8.ll n 0110>K8HlUf 1 1.fTO B811H"'HH8 n He 

38BHCH T OT p8D.HyC8 1 8 B03MYW8HH8 H8p8CT88T .llO CBOer o M8KCHM81lbHOf'O 3H8lJ8HHS1 ~ n 'lJBX 

38 435 o6opoTOB no 38 KOHY /).n( k) m {).nmax sin ( _ _!i __ _!!_ ) , r.ne K -HoMep 
42; 2 

o6opoTa. B epxHRR Kp11aaR cooTaeTcTayeT crnyqa~ . Kor.n 8 p86oqaR TOqKa H8XO.ll11TCR sHe 

pe30H8HCHol! nonochl; HIOKHRR Kp11B8R - nono>KeHI1~ p a6oqel! ToqKI1 BHYTPI1 pe30H8HCHol! no

nocbi a6nl1311 ee rp8HI1Ubi . X8p8KTep KpHBbiX no.nTaep>K.ll8eT BbiBO.llbi T eop1111. 

J..1CXO.UR H3 BbiW8H3110.>K8HHOf'O, MO>KHO CL18118Tb 38Klll0 \f: 8HH8 O THOCHT81lbHO npHf'O.llHOC 

TH peccMOTpeHHoro MexaHH3M8 .anSI ueneA: BhiBo.na. BbiBO.O nyqKa Ha MHW8Hb npe.a.nolJTHTenb-

HO OCyLU8CTB1151Tb B pe>KH.Me, KOf'.ll8 B811H4HH8 BHOCHMOf'O B03MYLU8HHSI /). n T8KOB8, l{TQ 

pa6oqag T01.JKB Haxo.a.HTCR s6nH"3H rpaHHUbl peaoHaHcHoA nonocbt. HapacTaHHe aMn:t HTy.llhi a 

STOM CJJy y ae npOH.CXO.D.H.T y>Ke .ll.OCTBTOYHO 6bJCTpO, \.ITO .ll88T B03MO>KHOCTb nonyYHTb MB

Jlbte apeMeHa coy.napeHHH nyqKa c MHWeHhlO . B TO *e BpeMH, nocKonbKY ttaCTHUhi erue He 

crpynn11poa8n11cb no cp838M, ao3p8cT8eT aepoRTHOCTb coy.n8peH IHI ux c MI1WeHbiO Heo6xo

.ll11MbiX p83Mepoa . B pe3ynbT8Te rny611H8 386poca H8 MHweHb yMeHbwaeTcR, qTo no3aonReT 

BbiBeCTI1 H8 Hee yCKOpeHHbll! nyqOK 6e3 nOTep11 HHTeHCI18HOCTI1. rl p11 BbiBO.lle yCKOpeHHOrO 

nyqK8 113 K8Mep bl y CKO pi!Te nH Tpe6yeTCR 386pOCHTb q 8C T11U bl 8 3 830p OTKnOHR~Wero ycT

p O A.CTB8. no3 TOMY W8f' B03p8CT8I-IH.fl: 8MfiJJHTY..Obi 38 o6opOT .D.OJJ>KeH 6btTb B8JJHK, \.IT O BQ3-

MO>KHO TOJJbKO npH M8JJbiX () , a cne.aoaaTenbHO , n pH 6onhWHX B03MyweHHfi:X. C .npy-

roll cTopoHbi , 38 c q e T rpynn11poaK11 no cj:J838M y 'Y.BCTHU, 386powe HHbiX B 3830p, YM8Hb-

waeTCR p836poc no yrn8M , 'ITO no3aonReT BbiBeC TI1 nyqoK H3 ycKOpi1TenR c 6onbwoll acp

cpeKTI1BHOCTb~. 

Bb16op KOHcjmryp8UI111 B03MYW8~1Uero M8rHHTHoro nonR 

.ilnR Bbi60p8 K0Hcp11ryp8UI111 M8rHI1THOrO nonR, np11rO.llHOl! .llnR BbiBO.ll8 q8C T11U H8 MH-

W 8 Hb B KOHU€ UHKJJ8 yCKOp8HHfl, npe.D.B8pHT8JJbH O 6biJJO H3MepeHO 3H81.f8HH8 fiOK838TenH no-

nR n 8 p860qel! 06n8CTH C11HX p Ocp830TpOH8, ycpe.llHeHHOe B.llOnb Tp8eKTOp1111 .llB11>KeH11!1 

q8CTI1U. VI3MepeHI1R npOII380Ll11ni1Cb no yCKOpeHHOMy nyqKy MeTO.llOM, p83p860T8HHbiM a1121 

C 3TOll uenb~ COOTBeTCTBY~lU11M no.n6opOM q8CT0Tbl yCKOp!!~l.Uero H8flp!!>KeHI1R nyqoK 

nepeMew8nc!l a Ty o6n8CTb 383opa M8rHI1T8, r.ne Tpe6oaanocb onpe.neni1Tb n1 H nocne 

npeKp8l.UeHHR yCKOpe HHR 113MepRnOCb speMR CBOp8qHB8HI1!1 nyqK8 B p8CTyweM M8rHI1THOM 

none H8 MI1WeHb, p8cnonomeHHY~ y aHyTpeHHero Kp8R p a6oqel! o6nacTI1 , 3 8TeM qacTOT8 

11 3 MeHRn8cb Ha aen11q11 Hy {). f , 11 ny q oK uepeMelU8nC!I no p8.ll11ycy H8 aen11 qHHY {). R 

KOTOp851 B p enHTHBHCTCKOM CJJy Y88 Onpe.aeJJ51 8TCH COOTHOW 8 HH8M 

/).( {). R = - Ro 7T __ _ Ill/ 
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., 

·. 

.· 
r.ae .· 

F = 1 4 f 
/12/ 

J.13MeHeHHe pS.llHyCa p8BHOB8CHOII Op6HTbl !IpHBO.llHT K H3MeHeHH!O Bp8M8HH CBOp8'1HB8HHS! 

H8 B8flH'JHHY 

/'!.tm(l-n) - 1!-. I'!.R, /13/ 
.'l R o 

a.aecb H II H - cooTBeTCTBeHHO Harrpsr>KeHHOCTb H cxopocTb HapacTaHHst MarHHTHoro 

nonsr BO apeMeHH. TaKHM o6paaoM, HaMepHB aenH'IHHbt f , !'!. f H /'!. t , H3 ypaBH8HHII 

111/ H /13/ MO>KHO OIIpe.aenHTb Cp8.llH88 3 H8'18HHe n 

n H(F ~ 

H IMI 

B HHTepaane !'!. R 

/14/ 

Ha puc. 2 rroKaaaHa H3MepeHHasr TSKHM o6paaoM aaBHCHMOCTb cpe.aHero aHaqeHHst n OT 

pa.aHyca rrpH none B aaaope 12600 3pCTe.a. J.1aMepeHHst npoH3BO.llHnHCb, HS'IHHasr c TaKoro 

3 H8 '18HHS! '!SCTOTbl yCKOpst!OUISrO Hanpst>KeHHS!, !IpH KOTOpOM ny'IOK nO.llXO.llHn BnnOTHyiO K_ 

MHW8HH .. 3TO .ll8B8fl0 B03MOiKHOCTb T01.1HO COBM8CTHTb H8tt8fl0 OTC1.19T8 flO pa.aHyCy C pa

.0H8flbHbiM l10flO>K9HH9M MHW9HH. llnst TOrO, t:J.T06ht yMeHbWKTb BflHSIHH8 cnyqaAHhiX K3Me-

HeHHll senH'IHH, axo.asrll.IHX B / 14/ , H3MepeHHst npoH3BO.llHnHCb MHoroxpaTHO. Ha pHc. 2 

npHB9D,8Hbl C p 9.llHHe 3H8tt 9H HSI H3 M9peHHbiX B8fll.Pf.HH H cnyq8A:Hbl8 Cp8.llH8KBB.apaTH1.J.Hbi8 OWH6-

Kif. 

Kax c n e.ayeT 113 pHc. 2, cpe~Hee aHa'leHH e n B pa6oqell o6nacTH ycKOPHTensr KaMe-

HsteTCS! B npe.aenax 0,65-0,7 • npe.aaapliT8nbHbtl! '!HCneHHbtl! p8C'I8T nOK83Sn, '!TO npH Ta-

KHX 3HS"!eHHSI .ll068BK8 f'!.n , p8BH8SI 0,15, y>Ke npHBO.llHT K p8CK8'1K8 6eT8TpOHHblX KO-

ne6aHHll II nona.aaHH!O "!SCTHU HS MH!ll8Hb, a npH f'!.n = 0,2 Bp8MSI COy.aapeHHS! ny'!KS C 

MH!ll8Hb!O CTSHOBHTCSI MeHblll8 100 MK CeK . TaKHM o6p830M, .llnst Bb!BO.ll8 ycKopeHHOrO nyq

KS HS MH!lleHb 38 Bp8l<Hl , M8Hb!llee 100 MK C8K, Tpe6yeTCS! C03.ll8Tb TSKyro KOHqmrypaUH!O 

MBrHHTHOIO fi0fl5J, npH KOTOpOA nOK838T8flb n B B03MYW8HHbJX KB8,0,p8HT8X .OOCTH["'88T 

3H8l.J.8HHS1 1 6nH3K0["'0 K 0,9. 

Mo.aenHpoaaHHe nonsr npoH3BOl\Hnocb B MarHHTe M-6, HBnsrromeMcsr yMeHbllleHHOl! B 

2 paaa Mo.aenbro MarHI<Ta CHHxpocj:>aaoTpoHa OJ.1HJ.1. Ha pHc. 3 cnnolllHoll KpHBOi! HOKa3a-

H8 38BHCHMOC Tb OOK833T8flSI flOflSI n B 3 TOM MB["'HHTe OT pa.n.Hyc..a , H3M8p8HH8SI C no -

MOll.lb!O liH.llYKUHOHHbtX KaTyllleK npu n one 12600 3 pcTe.a . H a puc. 2 peaynbTaT "r 3THX 113-

Mepe~HA conoc TasneHbl co aaatte HHHMH cpe.n.aero n H3M8p8HHOrO B OCHOBHOM M8rHHT8 

CHHxpocj:>aaoTpoHa;·· 3To conocTaaneHKe noKaabtBaeT, '!TO none MarHKTa M - 6 xopolllo noa-

TOpHeT 38BHCHMOCTb cpe.nHero n OT pS.llHyCa B CIIHXpOcj:>830TpOHe. KpHB8st pKC . 3 yKa-

3biB89T eme H8 O.Ll.HO 01.J9Hb B8>KHOe 06CTOHT911bCTBO: 3H81.feH H e nOK838T911SI nonst 

110 soapacTaeT K xparo nonroca n p 11 6onbWHX HH.llyKuHsrx B aaaope MarHHTa. no3TOMY .ansr 

B036y>K.lleHKSI pe30H8HCHblX · yCilOBKll B pa60"lei! 06118CTH Tpe6yeTCS! BHeCTII nHlllb He60nb-
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WYIO Jl068BKY fl. n B ee ueHTpe. 3TO B 3H8'1HTenbHOll CTe neHH o6nerqaeT TeXHH'IeCKOe p e -

weHHe 38Jl8'1H. ~06&BO'IHOe none C03J;l8B&n0Cb C nOMOWbiO ripOBO.IlOB, yKperineHHbiX H8 B e px

HeM H HK>KHeM non10cax MarHKTa. Pacnono>Keun:e npoao.oos Ha K8>K.llOM non10ce K Hanpaane

HHe TOK8 B HHX nOK838HO 118 pHC. 3. nyHKTHpH8ll KpHB8ll 1 nOK83biB89T 3 8BHC HMOCTb 0 

OT pa.oHyca npH TOKe a npoao.oax 170 a H none B aaaope MarHHTa 12600 3pcT. KaK BH.IlHO, 

.llOnOnHHTenbH&ll aenH'IHH8 fl.n /nyHKTHpH&ll KpHB&ll -2/ C03Jl&eTCII C nOMOll!biO npOBO.IlOB 

1 H II, HanpaaneH a e TOKa B KOTOpbiX O.llKH&KOBO, npoao.oa III H 1Y, pac nonome HH bJe n o Kpa-

liM riOniOCOB, IIBnii JOT C II o6paTHbiMH H He BnHIIIOT H8 pacnpe .oeneHHe n a pa6o'lei! o6nacTH. 

Be~H'IHHa noKaaaTenR non11 a ueHTpe aaaopa npH T8KOM pacnonomeHHK npoBO.IlHHKOB y.ooa

neTBOplleT p 9 30H8HC H biM yCnOBHIIM. 

Ha ocHo a e npoae.oeHHbiX 3KCnepHMeHTOB 6btnO B bi6paHo pacnonomeHHe npoBO.IlHHKOB Ha 

nonJOcax MarHHTa CHHXpocpa3 0TpOHa. PacCTOIIHHe Mem.oy npoBO.IlHHK8MH I H n H TOK B HHX 

C y'leTOM C OOTHOWeHHll M8CWT860B OCHOBHOro M8rHHT8 I< MO.IlenH 6bJnH yaenH'I9Hbl B 2 paaa. 

06paTHble npoBO.IlHHKH III H I Y 6 bJnH noMell!eHbi BHe aaKyyMHOll KaMepbl. TaKoe pacnonome

HHe npoBO.IlHHKOB 6blno Bbi6paHo no cne.'lyJOll!HM coo6pameHHIIM. Bo-nepBbiX, OHO .oaeT aoa 

MOmHoCTb nony'IHTb no.oo6He Mem.oy KOHcpHrypauHeil non11 CHHxpocpaaoTpoHa H KOHcpKrypa

uHeil non11, nony'leHHoro Ha Mo.oenH / nyHKTHpHaA KpHB8ll I pHC. 3/. Bo-aTopbiX, CBO.IlHTCll K 

MIIHHMYMY '!Hcn o npoao.ooa BHYTPH B&KYYMHOll K&Mepbl, 'ITO cymecTBeHHO yMeHbwaeT o6beM 

MOHTB)I{H biX pa6oT. 8-Tpe T bHX, npH yKaaaHHOM BKnJO'IeHHH npoBO.IlHRKOB MarHKTHblll noToK, 

B03HKK810ll!Kil npH 6 bJCTpOM H8p8 CT8HHH TOK8 B HHX , 38M biK&eTCII B OCHOBHOM 'le pe3 3830p 

MBrHHT8 H npaKTH'Ie CKH He CBII3 8H C 06MOTKOi! nHTBHHll M&rHKT&, 3TO ycTp&Hll e T Ori&CHOCTb 

B03HilKHOBeHilll B o6MOTKe nHTBHHA MarHuTa 6onbwHx Haae.oeHHbiX nepeHanpltmeHull. KoHc

TpyKTIIBHO npoBO.IlHHKH , nru.te w eHH b Je aHyTpu BaKyyMHOll KBMepbl, npe.ocTaBniiJOT co6oll anJO

MHHHeayJO WIIHY C9'19Hil9M 3MM X 10 MM. illHHa KpenHnBCb Ha OnOpHbiX C T e BTIITOBbiX H30nii

TOp8X, CMOHTIIpOBBHH biX Ha Be p x He l! H HHmHell CTeHK8X B 8KYYMHOll KBMepbl C HHT9 pB&nOM 

300 MM. 3n e KTpH'IeCKilll K OHT8KT c o 6MOTKOll ocywec TBnllnCII 'lepea BBKYYMHbie BB O.Il bi, T a 

KSSI KOHCTPYKUKSI xo po w o B bi LJ.e p >K ii Bana .a.uHaMH'IeCKKe y c n:nn:H, B03HHKarown:e npH aaanMo

.aeA:c TBHH HMnynbCB T O K8 1 11 0.0.8B89MO r O B 06M OTKy, C M 8 rHHTHbiM OOJ19M yCKOpHT9 11R. 

llo n OnHHTe n b Hbl9 06M OT KU 6biJ1H C M O HTHp0 0 8H bl B nepBOM H BTOpO M /no HSnpasne HKIO 

Jl"ll>K e HIIll ny'IKa/ K BI.I.Up1.1 11 T8X C lfii.X p OqJ&30TpOHa OvUU1. npH n ocn eLioa a T e nbHOM coe.oHHeHHH 

06M OT OK KB8ll p 8 HTO O CyMM8pH 8 H HH OY KTH B H OC Tb CHCT9 M bl COC T8BMJ18 =:: 3 MrH. I luTBHHe o6-

M O TOK n pO H3 IW.0 1!.~ 0C b OT 6a T a p e u KO H.IlU HCB T OpOB. 8 KOHne UHKn B y C KOpe HIIll, KOr .aa Tpe6o

B&n0C b B I>JBeC T ;t n y 'IO K Ha MII Wellb, B Kn:O 'I a n cR Tllpa TpoH TP - 4 0/15, 11 TOK a o6MOTKe Ha

'lHHM H a p 8C T 8 Tb 110 C HHYCOH JJ.e . £I pH .!1 0 C TlO K 9 HHH MllKC I1M a nbH0("' 0 3 H 8 lfe HHH TOK8 BKntolfan

Cll T B K Ol\ m e WJHTIIpJ IOWHil Tlfpi.ITpOH, II TOK B o 6MOTKe 3 KCIIOHe HUHI.In b H O C II& Jlan. KaK cne

D.yeT H3 H3 n O}K8HH0("0 B bi W 8 , MllKC tfM 8 nbH08 3 H4lfe HKC TOK8 ,ODn)I(HO C OCT8BnATb ~::~; 4()() 8. 

<fTo6bi 11 36e>K a Tb TPY Jl HOC T eil, C B>I3a i!H L J.< c nao nlluH e ii o 6MOTKM BHyTpll Bll KYYMHOll K&Mepbl, 

H an p snKe HH. e , .a.o KOT o poro a apst>Kanacb KOH.O.e HcaTo pH a st 6aTa pe R, 6 h1no orpaHHlfeHo a enH'In-
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HOI! 10 KB, BBIIJlY 3TOrO MIIHIIMBnbHOe BpeMR HapaeTBHKR TOKB MOrno eoeTBBni!Tb 300MKeeK 

/435 o6opoToa/, 'ITO, no JlBHHbiM npeanapiiTenbHoro paeqeTa Ha aneKTpOHHo-e'leTHOI! MB

WKHe, noanonRno nony'IHTb aoeTaTO'IHO Manoe apeM>I e6poea ny'IKB Ha MHweHb, EMKOeTb 

6aTapeH KOHaeneaTopoa paBHRnaeb np11 aToM 10 MK¢. 

PeaynhT8Thi sKcnepuMeHTOB H Hx o6cy>K.neuue 

OnbiThi, npose.neHHbte HB Mo.aenH , noaaonHnH nposecTH T O liHhiA 1.urcneHHhiA pac tteT 

TpBe KTOpHf! JlBH >KeHHil 'IBeTHU llpH napaMeTpH'IeeKOM pe30HBI!ee B peanbH b!X y e nOBIIHX e yqe

TOM 38KOHB paenpeaene HIIil MBrHIITHOrO nOnil llO pBJlHyey II HBpBeTBHIIH B03Myu.teHIIH ton ·BO 

npeMeHH. Pae<Je Tbi 6binll Bhm onHeHbi Ha aneKTpOHHo-e'leTHOI! MBWHHe. 3anHeiiMOCTb MBrHHT-

HOrO llOilH OT pa,aHyca B H8B03 MyUleHHbJX KB8.llp8HT8X . 38,il.8B8118Cb B COOT BBTCTBHH C KpHBOA 

n , noKaaaHHol! Ha p11e. 3 ennowHol! niiHHel!. P oeT aoaMyu.te HHR ton B anyx KBaapaH-

Taxax, no-npe>KHeMy, aaaaaaneR KBK ton ~ !'>. n max Sin ( 4~ --;.- , HO Y'IIITbiBa-

naeb 3BBHeiiMOeTb tJ.n max OT p8Jlllyea /nyHKTIIpHBH Kpi!BBil 2 pHe , 3/ • .[ln>I 'IBeTIIUbl e aa-

Ll8HHbiMH H8lf811b. lbiMH f C ilOBHHMH Bbi'"IHCI1SII18Cb Tp88KTOpHH 1 n O,n,06 HBS1 H306pa>K B HHO.A H8 

pHc. 1, HB'UfHBR c MOMBHTB BKiliO'IBHHSI BOaMyLUeHHH . Hatta no OTC\feTa no (} eoanaaano e 

KOHUOM /no HanpanneHKIO JlBH>KeHIIR ny'!Ka/ aoaMyweHKR. TaKoli pae<JeT 6bin npoaea eH anR 

p8311H'IHbiX 3 H8"18HHA: H8':1.811bHbiX 8MilllHTf.Ll p8llH811bHbiX 6eT8TpOHHbiX KOn e6aHHi:t., KpOMB Ta

r o, .OilH K8>K.ll0A 8MllllHTy.a bl Bbi6Hp8110Cb HBCKOilbKO 3H8\{8HHi\ H8t.t811bHbiX ¢aa .. 

AHMK3 STHX .ll8HHb1X ll03BOI1SI8T Onpe.aenHTb 83HMYT 1 H8 KOTO pOM '-18CTHUbl HCilbiTbiB8-

JOT M8KCHM8nbHOe OTK110HeHHe OT Mf"H OBe HHOA op6HTbl, yCTBHOBHTb xapaKTep 00118JJ.BHlHI 

tt8CTHU H8 MHWeHb BO speMeHH' 1 OnpeJJ.enHTb rny6HHy 386pOC8 '-18CTHU H8 MHW eHb H T.n. 

Ha p11e. 4 11 p11e, 5 noKaaaHbl pea yn bTBTbl paeqeTa, xapaKTepH3YIOu.tHe nonaaa1111e 

'-18CTH"U C p8311H'-IHbiMH H8'-1811bH biMH yC110BitSIMH H8 MHWeHb, llOM eWe HHYK> H8 83HMyTe M8KCH

M811bHOJ""O OTK110HeHJHI, pacnono>KeHHOf"O a6nH3H KOHU8 803MyWeHHSI. Pa3Mep MHWei-IH 110 pa

Jl.HyCy C'-IKT8eTCSI npH 3TOM ueorpaHH'-Ie HH biM. PHC. 4 COOTBeT CTByeT fl0110>KeHKIO MHWeHH H8 

paeeTOSIHHH 10 eM OT ueHTpanbHOll Op611Tbl , <I eny'IBIO , KOrJl8 HBK60nbwee 3HB'teHIIe f'>. n max 

paaH>Inoeb 0,22, a apeMR uapaeTaHHR aoaMyu.teHHH eoeTaanSino 435 o6opoTon . Ha p11e, 5 no-

K838H npoueCC 00118ll8HHSI 3 THX >t<e '-18C THU H8 MHWeHb, pac nono>KeHHYIO H8 paCCTOSIHHK 

20 e M OT u eHTpanbHOA op611Tbl, np11 IIJleHTII'IHOM aoaMyu.teHIIH . Ha OCRX a6euKee o6o11x pu

eyHKOB HBHeeeHbl UH¢pb!,. 0603HB'IBIOWHe HOMep 06opOTB, H8 KOTOpOM 'IBeTIIUB IIOOBJlBeT HB 
I 

MHWeHb; OpJli!HBTB eOOTBeTe ToyeT rny6HHe aa6 poea, OTe'I<!TbiBBeMOi\ OT KpBR MHWeHH, Vfa 

eonoeTaaneHKSI pHeyHK OB 4 11 5 eneayeT , 'ITO xapaKTep aa6poea aaa11e11T OT nono>KeHHH MK-

weHH OTHOCHTenbHO op6KThiw EcnK paccTostuKe no op6HTht ueaen11KO /pHc. 4/ , ,qacTHUbi 

c 6onbUIHMH uattanbHbiMH aMnnHTYJJ.BMH K c ne6auHA ue ycneaaJOT •aoitTH a peaouauc•. T a KH e 

'i8CTHUbi uepBblMH 1101l8!l8JOT H8 MHWeHb, HO, flOCKOnbKY TeMn H8p8CT8HIHl HX 8M 1111HTYLl He-

BenHK, OHK aa6paeb!B810Teil HB He60nbWyiO rny6KHy, L{ aeTHU bl e MBJ!biMII KOne6aHH<IMII npe6bl-
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B8JOT B ycnOBIHIX p 930H 8 HC 8 6onee .llnH T enbHOe BpeMSI 1 fi09TOMy npH J10118.0.8HHH H8 MHW9Hb 

war aoa p acT aHn<l aMnnuTy.O. y HHX .a.oaonbHO aenuK, H OHH aa6pacbiB8JOTC<l rny6>Ke. Ecnu 

MHWeHb y,a.aneHa OT ny 'IK8 / puc. 5/, TO p83 HHU8 B noae,QeHHH '18CTHU C 60nbWHMH H M8-

fl hiMH aMnnHTy.naMH uc tteaaeT. Pac npe.aeneHHe HHTeHCHBHOCTH no rny6HHe MHWeHH cTaHo:-

BH T C Sl 6on ee p anH oMe pH bi M • B T O >Ke apeMH .nJUtTenhHOCTb coy.napeHHH nyqKa c MHW e HbJO 

yMeHbwaeTcst, T.K. qacTHUbl c OonbWHMH HattanbHbiMH BMnnHTy.naMH Kone6aHHA ycue aaK>T 

'aoATH B pe30 H8HC~ . 

AHanorH'IHB<l KapTHHa c ne.a.yeT T8K>Ke ua a KcnepuMeHTanbHbiX .a.aHHbiX. Ha puc. 6 

npHBe,QeHbl K piiBLie 38BHC HMOCTH .O.nHTenbHOC T H COy,a.apeHHQ ny'IK8 C MKWeHbiO OT p 8.0.K8nb-

H OrO riOflO>KeiUHI MH1ll9HH 1 n o nyqe HH bi€ OllbiTHb lM nyTSM npH p 83flH1-1HbiX 3H81.1 9HHSIX !'>.n max 

Vf aMep0H HQ Bp0MeHH coy ,a.apeHHQ llY'IK 8 C MHWeHbiO npOH3BO,QHnHCb cne.O.y iCWHM o6p830M. 

3a 100 MC e K .0.0 OKOH'-!·BHIIQ UHKnB yCKOpei!H Q B pa6o'-!yJO o6naC Tb YCKOpHTeng C llOMOIUbiO 

liH90MOripHBO.ll8 DDO.llHnac b MHW9Hb, lf3rOTOBn9HH8R H3 nnBCTM8CCOBOf"O C UHHTHflnRTOpa. 

Cnyc T9 50 MCeK, a noa6y>K.0.8JOIUHe o6MOTKH o6oux Kna.a. p aHTOB BKnJO '-! Bn cg TOK, u ny'-!OK 

c6pBCbJB8J1C5t H a MHWSH b . CaeTOBOA. CHrHBn OT MHWSH H C fiOMOW blO O ITTH1.f9CKOA: CHC T 8Mbl 1 

noMeweHflOH: npo THB Hee , nepe.oaaancst Ha KaTo.n ¢oTOYMHO}f{HTenH. VIMnynbc c noc:ne.n.He-

r o cj:>oTorpacjmpoaancH Ha 3 Kpane cKopocTnoro ocuunnorpacj:>a Jl0-1, pa3ae pTKa KOToporo 

3 D. nyCK0118C b B MOM8HT B Kn to lf8 1Hist T O K8 B 06MOTKH B036y>KD8HHH. B en iPHIH8 803MYLU.9 HHSI 

no,a6Hp8n OCb pery 11H p O BKOt\ TOK8 B 06MOTK8X llyTeM H3 M 8He HU5l 38p51.UHOrO H8ripS1>K9HIHI. 

H a pn c . 6 yKaaaHo noJIHOe apeM<J coy!la peHH<I uy '-!K B c MHweHbJO . K a K cne.a. yeT ua conoc -

T8Bn8HIH1 3 KC118pHM e iiTBnbHbi X .08HHbiX C pe3yllbT8TfiMH: p 8C 1.18T8 , p 830H8HC B peanbHbiX yc 

nOBHSIX .neAcTnyer c unbHee. 3To o6'bHCHH e Tcn, no - aHLJ.IiMOMY , anHHHHeM cj:Ja KTopoa , KOTOpbte 

He 6brnH y1.1T8Hbi a pacq e Te , HO Ha npaKTHKe acer.a.a HMSIOT MSCTd. B nepay10 oqepe.ab K 

9TKM cj:>aKTOpBM HY>KHO OT HeC TH 83HMyTanbHYIO 8CKMMeTpH IO M8rHHTHOrO nong K pa36poc 

MrHOBeHHbiX Op6HT flO pa,a.HyCy , o6ycnoan eHHblll 9 Hepr e TH'-!eCKOil lliHpKHOil ny'-!KB B KOHU e 

ycK o peHH<l. OnTHMYM Ha KpHBbiX pHc. 6, nony'-!eHHbiX npu fionbWHX 3Ha'-!eHustx ~n max 

06bHClHieTCH , KBK llOK83biB89T p acqeT , X8p8KT8p0M .0BH:>K8HHH pa6oqeA: TO'IKH B rtpeaen a x 

p e30HBHCHOli nonOCbl , KOTOpoe o6ycnoan eHO 38KOHOM pacnpe,a.ene HKSI /'i n 

B03MylUeHIIbiX KB8,llp8HTBX / pn c . 3/ • 

no p a.a.Hycy a 

.Qnst 1Tp8KTH'19CKHX ueneA, OC06eHHO B Cnyqae 11pHM8H8HHSI MHW8HeA: C MMbiMH pa

.l:Ut8nbHbiMH p83M8p8MH, 1.J.8C T O 6biB88 T H 806XO.UH MO nony"'HTb H8 TOflbKO Manoe B p 9MSI coy

,a.apeHHSI C MHWeHbiO, HO H o6ec n e 'IHTb 110118,ll8HI!e ny'-!KB HB Hee 6e3 llOTepb. C 9 TOI! T0'-1-

Klf apeHHH 6btno 11pOB9ll8H O HCCfl8.llOB8HH9 rny6 HHbi a ·a6p.aca t.I8CTHU H8 MHW8Hb B 38BHCH 

M OC TH OT senH'I11Hbl 803MYW9HUSI H p8.llH8llbHOrO nonOM8HIHI MHi.u8HH OTHOCHTSnbHO OpfiHTbl. 

KpHBbi 8 pacnpe .nen e HUSI HHT9HCHBHOCTH rto r·ny6H.H 8 MUWeHH B HBnpasneHHH pa.auyca 

C HHMBnHCb nyTeM H3M9p 8HHH H CKyCCTD€H H OA f3 - a KTHBIIOCTH, Haae.D.9HHOA B MHW8HHX 1 

H3r'O T OBn e HHBIX Ji3 nonH:CTHpona. llnfl 8 THX uene A HCrlOll b30B8fl C SI ~ - c'-!eT'-!HK l e Arepa-
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M10nnepa, 0H 6bln noMe!UeH B KOHTeJ!Hep H3 CBHHUa, B sepxHeJ! CTeHKe KOTOpOrO HMenaCb 

wenb WHpHHOJ! 1 MM, AKTKBHpOBaHHaSI MHWeHb nepeMewanaCb. B HanpasneHHH , nepneHJJ.HKy

nRpHOM wenu, c HHTepsanoM 2 MM. B Ka>KJJ.OM nono>KeHHK H3MepRnacb cKopoCTb C'leTa H 

'IHCnO cpOHOBblX HMnynbCOB, .Qng TOrO 'IT06bt HCKn JO 'IHTb npH 06tly'leHHH BnHRHHe MHOrOKpaT

HOf'O npOXO>K.09HHSI 'l8CTHU ttepea MHW9Hb 1 38 HeA 6hin yCT8HOBn 9H nornOTHTenb, H3f'OTOB

neHHblJ! H3 naTyHH TOnlUHHOJ! 5 CM, nocne npOXO>KJ].eHHSI nornOTHTeng qaCTHUbl TepRnHCb 

H8 C T 9 HK8X K8Mepbi. 

Ha pH c . 7 noKaaaHbt KpHBbte pacnpeaene HHR KHTeHCHBHOCTH no r ny6KHe MHllleHH npK 

p83nH"'HOA a e niPIKH9 B03MYW9HHSI, CHSITbl9 npH pacnonO>K9HHH MHlli9HH H nornOTHTenst CO 

CTOpOHbl BHeWHeJ! CTeHKH KaMepbl Ha paCCM TOSIHHH 10 CM OT ueHTpanbHOJ! Op6HTbt, no Me-

pe T Of'O, K8K p 930H8HCHbi9 ycnOBHSI BbtnOnHstiOTCSI H8H6onee TOtJ:HO, rny6HH8 386pOC8 B03pac

TaeT, M aKCHManbHOJ! senH'IKHbt oHa aocTuraeT Ha pacCTORHKK 20 CM OT ueHTpanbHOJ! op-

6KTbt /pHc . 8, KpHsaR 2/. B aToM >Ke nono>KeHHK speMR coyaapeHKR ny'IKa c MKWeHbJO 

nonyqaeTCR HaHMeHblllHM I pHc, 6/. 

npH OrpaHH'!eHHOM no paJJ.nycy pa3Mepe MHWeHH '!aCTb '!aCTHU B peaynbTaTe 6onbwo

I'O aa6 poca MO>KeT npoMaXHYTbCSI MHMO MH!lleHH , 0JJ.HaKO >!a- aa MHOI'OKpaTHOI'O n pOXO>K 

.0.9H HSI a¢Q:leKTHBH09 ttHCnO "i8C THU, coynapHBW HXCSI C MHW9HbJ0 1 3H8qHT9nbHO B03p8CT89T 1 

E bmH npoae.a.eHbl KOHTponhHbie HaMepeHHSI a OTC yTCTBHH nornoTHTenst c MHW9Hbl0 paaMepa

MH 2 CM flO pa.n,Hycy H 2 CM - B H80p8Bn9HHH .llBH>K9HHSI nyqKa. 4Hcno "18CTHU 1 0008Bl1IHX 

Ha M>!WeHb, K3MepSinocb no peaKUKK C
12

( P, pn) C 
11 

• VlaMepeHKSI noKaaanK, 'ITO npu 

non0)1(9HHH MHW9HH H8 paCC T OSI HHH 20 CM OT U9HTp8nbHOA Op6HTbi t.IHCnO '1 8CTHU 1 COy,na-

pHBWH XCSI C H e R, B },5 p838 npeBOCXO,O.HT o6wee 'IHCnO '18CTHU, CO.Uep>K8WHXC51 B ycKo-

peHHOM ny'!Ke, 

ABTOpbl seCbM8 npK3HaTenbHbl H. roso pyHy H n. CMHpHOBOll 3<' nposeaeHHe pac'!eTOB 

H8 aneKT p OHHo-cqeTHOA M8WHHe. 
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TpaeJtTOpHH JlBB>Keuaa 'IBCTHUhl npa nap aMe TpH'IecKOM pe3 ouaac e, pacc.'IHTau 

aaa .tUIA B03MyllleHHA, uap aCTBIOlllero 8 0 Bp e Me HH no 38KOHy 

~(kJ - -An max lin ( .It " ) Orc 'leT HOMe p a o6op ora K a eaerca 
or NOMeHra BJUIJO'Ie-m- ~yllleHHA. T paeKro puso p acc'laTaHa anso 'ISCTHUhl 

C H8'18n bHOA BMUllHTyaoA 1 CM, 3Ha'leHHe n B HeB03 MyllleHHbiX KB8Jlpau-

T8X cocraansoeT 0,67 An max • 0 ,21. 
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3 aauc HM OCTb c p e auer o n OT p aa ay c a npu no ne B 383ope c a uxp ocpa3oTpOH 6 
12600 apcr. CunowaoA nHHI!ei! o6o3Ha'le H.a Kpua a R, CHSITBSI a Mar u aTe M - 6 
MeTOJlOM HHJlYKUHOHHhiX KBTy W eK, 
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3. 3aBHC HM OCT b u o K83dTen~ nan n :1 OT pa.a.uyca n MBrl·tHTe M - 6, H3Me 

H8SI npH TOK e B JlOUOllH UTellbHbiX BHTK8X !70 a / nyHKTHpHa SI KpHB8 SI J/ 
npH 01'CY T C TBH H T O K8 B Hlt X /cn 11 0 WH851 JlHHHH/ . n y HKTHpH Ofi KpH BOA 2 I 

K838H8 LJ.06BB01.{H8 fl B81111t..(llH8 ~n , nony '-I ~ HH851 rt pH B KJliOI.feHlHf .Q.OrtO 
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4 . P a.a H anbH biA 3a6poc t.tacTwu c pa3n ~t1.{H bi MH H El 4 811bH bi MH ycnosnHMH Ha M 

w e H b, pac nono>Ke H HYIO Ha p aCC T OSlH HH 10 C M O T o p6HTbi . Y acTHUhl c pa.: 

H b iMH H81.{ 8 nbH biM H 8 MIInHTY.0.8M H p8.0H8nbHbiX 6eTaTpOHHbiX KDne6aHHl\ O( 

3 Hll '! e HbJ: + •J CM ; 0- 4 ,2 CM ; f -5,6 CM; . 7 CM , 
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npu OTCyTCTIHHf TOK8 0 HU X /c nnOilJH851 fliiHHSI/ . nyHKTHpHOJi KpH BOl\ 2 no

K838H8 ao6aB04H B R aen JI YltHa ~ n , nonyY~ HH an npH B Kn~YeHHH nonon
HHTe!!bHLIX BUTK OB . 

't, Cl'f 
3 

BP•"'" 
50~-~111~ _____ _;1Til::_l _____ ......:r-------'ns"i""'etK 

• 

• • • • 

• 

• 

• • 

• 

0 
00 
0 0 

+ 

+ 

+ + 

0 

+ 

0 + 

+ 
OL---~--------~LL----------~----~----~K 

1D 100 150 200 250 

oaopomb, 

4 . Pa.nHanbHbi A aa6poc q ac THn c paanH'-IHbiMH H B "'. BJibH bi Mlf ycnOBHHMH Ha MH 

weHb, p aCllOflO>Ke HHyK> HB p <lCCT0511-IHH 10 CM OT O p 6HTbl . 4 aCT HUbl C p8311H1..J 

Hb!MH H8'-18flbH biMH 8Mil J1UTYll8MH p 8LlH811bHLIX 6C T8TpOHHbiX KOne68HHH o6o-
3Hil ~ eHbl: + •} CM ; Q- 4 ,2 CM; f -5,6 CM ; ·-7 CM . 
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P aaHanbHhll! aa6p oc aTHX >K e 'IBCTHU na MHWeHb, pacnono>KeHHYIO na pac
CTO!IHHH 20 CM OT Op6H T h l . 
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6. 3 aBHCIIMOC T b llnHTen bHOCTH coyaa p eHH!! ny'IKB C MHW9Hb10 OT pBllHMbHOrO 

nonO>K9H H!I MHW9HH OTHOCHT9nbHO U 9HTpMbHOll Op611Tbl ripH p 83nH 'IHO l! ae-

nH'IHHe aoa MyW e HH!I ~n :nax : 0,2 IKpRBB!l I I ; 0,22 IKpHBB!I 2/ 11 0,24 
IKp HBB!I 31. 
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p ... c . 8. 

3BBI<CiiMOCTb l"'nyOHHbl 380p0C8 HB MKWeHb, paCnOnO>K e HHYIO HB paCCTO!IHI<Ii 

10 CM OT opoKTbl, OT aenH'IHHLI B03MyweHKSI: KpHBBSI I - !l.n max= 0,2; 
KpKBB!I 2 - !\. n max a 0,24. 
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Pacnpe.a eneHn:e HHT9HCHBHOCTH qacTHU no rny6HHe MHWeHH npn: nono>KeHHH 
ee OT opoHTbl: 10 CM IKpHBBSI I / u 20 CM KpHBBSI 2/; t!.n max = 0,22. 


