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UaKnoTpOH c,npocTp&HCTBeBHOA aapaanaea HanpmKeHHOCTB MarHBTHoro.nona naoopa-
. /1/ 

TopBB BAepuwx npoi5neM OHHH S!Bl.laeTca yc~:opaTeneM co cnapam.uo- rpeoueawM Mar-

BBTHLIM. noneM B Jl.nll nenoro Pll.ll.8 &I:CD&pBMeHTOB MOllteT cnylKJIT& MOABIIbiO . penliTKBHCT-
. /2/ 

c~:oro npOToauoro DBJ:nOTposa sa aseprBJO 700 Maa , Ha HeM, a 'IACTHOCTB, c AOCTaTO'I-

uoA CTane.HbiO no.a.Oi5Kll. MOlKBO ocymeCTBBTb 3KCD9pBMWITAlDoJIY10 lipOB9pJ:Y · AOCTOBepHOCTK 

npeAnOCLinOK1 nonolKBBHLIX B OCHOBY pac'leTa TpaeJ:Topall KOHOB B neBTpalDoHOii oonacTK 

!8/ 
penBTBBHCTCKoro DRI:nOTpOHa t BEl OCHOB8IDIB KOTOpldX AonlKB8 OLITb ocymeCTBnBHA. reo-

MeTpBll DOBTp81IbHOA oi5n8CTB YCKOpBTenll, 

reoMeTpB'IaCXBii I:OS~BDHeHT nOAOOHa onpeAenlleTCa H3 BldpalKeHBa 

e/m 0 f 2 B 2 

fJ = -
u 

rAe e/m 
0 

- OTHOmeHBe 38pBA8 X M8CCe1 l paCCTOBHHe MelKAY BOHHLIM .BCTO'IHHKOM 

a nynepoM, B - HHAyxnaa MarHBTaoro nona a neHTpe, U - uanpalKeHBe eyauTa, Ilpa 

ycxoparomeM H8IIpalK9HHK H8 AySHTe MOAenH penaTBBBCTCKoro DBKnOTpOH8 (MPU) paBHOM 

40 XB B paCCTOBHBB MBJKAY BOHHLIM B~TO'IHBKOM B nynepOM f. -10 MM noAOi5Be no reo

MeTpBB CBCTBMLI OTOOpa COCTaBnBBT 1:2, 

+ 
PacqeT TpaeKTQpHii BOHOB ( . D K 

+ 
H 2 ) B MPU npoaeAeH no ToA JKe MeTOABKe, 

'ITO onTBM81IbHOrO nonOlK!!HBB KOHHOro BCTO'IBBU (puc, 1) o 3xcnepB
/8/ 

B B pai50Te Ana 

/4/ 
M9HT81IbHO B3MepeHHLIA Cn&.Q M8rHHTHOrO nona nOX838H H8 pxc, 2, Jlna p8C'IeT8 TpABK-

TOpBii BOHOB STOT cnaA anpoKCBMBpOB8nCB l:pBBOii 

·2 
B • = ·B 0 [ 1 - 3,33. lU e:rp ( - 5,232 

.y:r2+y2 
)J, 

(TO'IKB Ha rpa¢BKe puc. 2), 

3xcnepKMeHTanbH09 BCCne~OBSHBe BKniO'Iano B CBOB Bb!BCHeHBe COOTBBTCTBBa 3J:Cne

pBM9HT81IbHbiX A8HHLIX C p8C'IeTHb!M11 K Cp8BH9HB9 peayllbT8TOB1 nonyqeHHLIX IIpB HSnK'IBK 

neHTpan&uoA cacTeMbl OToopa B oea Bee. 

OcuoaHLIMB xpxTepB~ oDTBNan&HOCTK uacTpoliKB i5blnx: aenuquua cnaAa Toxa ua 

Hll'I81IbHLIX paAHYCAX yCKOpeHHR, COBn8A9HB9 D9UTpOB_ opi5BT C DBHTpOM ycKOpBTena, nono

lK9HH9 D9HTp8 crycTX8 ycxopHBMb!X HOHOB OTHOCKTen&HO M8KCBMfM8 BbiCOKO'I8CTHOro 

uanpHlKBHHH, Peaym.TaTLI axcnepuMeHTOB npHBOABTCa HHlKe, 
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1. llonolKeHlle ROHHOrO RCTO'IHRKa 

KoHCTp)'KlliiSI II CXOMa niiTaHll.ll ROHHOro IICT0'1Hll1A ycxOpiiTOn.ll nOK838Rbi Ba piiCo 8. 

KaTOAbi u auonua.11 Tpy6xa shlnonuenbl B3 TaHTan:a. PelKBM ncTO'IHBKa Taxon, 'ITO nounoll: 

OOMOapJtBpOBKll BOAOCTaTO'IHO An.ll pa3orpeB8 K8TOAOB .110 TeMnepaTypbl, COOTBOTCTB)'IDWOJI: 

TOpMOSMRCCIIIIo 
B CB!I3B c sTIIM nanpSilKeBBe na u=o'IHllKe seCbMa sen:nxo {-' 2 Its), TOK 

paOOTbi TPe6yeTCR no]la'la oOIIbWOrO Koml'la=sa 
_ pa3pSI.Ila Man ~10 M80 II An.ll CTaOIIIIbHOJ! 

pa6oqero ra3a (sonopon npn pa6oTe ua 

+ ' 
H 

2 
unn ]lel!Tepnll:). 

CnenyeT OTMeTIITbt 'ITO ManOMOWHOCTb IICTO'UIBK8 HBn.llllaCb OAHHU B3 H8Jl0=8TKOB 

np11 nposenennu axcnepuMenToB, Tax xax TOK ycxopeHHbiX '18CTBIX o'leBb cullbno 3asncen 

oT ero pelKnMa. Bollbmne nona'IB ra3a Bh13biBanR ysenB'IeBBe nasneHBn B xaMepe ycltopll-
-3 2 -4 2 Tenn 110 2, 7- 3,6•10 n/M (npoTBB 6,7•10 n/M 6e3 rasa), 'ITO, 6eaycnosno, yaen:n-

'lllsano nOTe!'m, cBlt38HHble c KynonosCKBM paccennneM, u nuccoiXIIanBJO Monexynnpnor~-

BOJJ.Opolla. 

Kon=pyKllRH CHCTeMblt necymel!. HH , Taxoaa, 'ITO JJ.onycxaeT nepeMemeBHe ero 

xpoMKH nyanTa H nepneHAHKynnpuo K nell 6e3 napymenuH saK)'YMa. 1llpu aTOM npo-
BllOIIb 
nenypa onpenenenHH onTaMallbnoro nonolKeHHH HH 3aKnro'lanaCb _B :u:aMepeBHB cnanos 

TOKa snollb pan:u:yca u onpeneneuau non:oJKenB!I neHTPOB JJ.nH pa3n:H'lllbiX nonolKeBHA HH 

B Ta6nune 1 npHIIOAElBbi SKCnepUMOHTallbHO nony'lOHRble OllTHMallbHble KOOpJJ.UnaTbi 

sMHTupyromea KpOMKH HH u pai:'leTHble ~toopllHHaTbi nn:n cu=euhl oT6opa. 

L·-

Ta6nuna 

Ycnos. 6e3 c nyn:epoM 

SKCllep, nynepa 
c nyn:epoM (paC'lOT) 

Xo -20 MM 0- -1,5'MM -2,5 MM 

Yo -15 MM -22 MM -22 MM 

Ha puc. 4 no~taaaua 38!1HCHMOCTb TaKa na MBmeHb, ycTanosnennyro 

oT nonoJKeHBll HH {paccTOHBIIe aT xpoMKB ll)'AnTa - onTnMallbnoe). 

2. Cnall TaKA B 3aBHCHMOCTB OT paJJ.uyca 

na paJJ.nyca 15 eM 

non 

YcxopiiTellb cua6lKeH · 'ieTblpbMH npo6BHxaMH, IIAymnMB B ropuaonTan&lloA nnOCKOCTR 

yrnaMB 15, 55, 90, 120° K KpOMKe JJ.yauTa. ToKOH3MepuTellbHbl8 uaCaAKB {MnmeHB) 

2-X llpOOHBKOB MOJKHO 3aMeHllTb 6e3 napymeBHll saKyyMao .Qng H3MepeHB51 TOKa Ha MUmeHb 

ncnom,:3yiOTCH rallbsauoMeTpbl M-95 c uapylKBbiM myuTOMo 
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Pe3yllbTaTbi H3Mepeunll: cnanos npRBoABTC.II ua pnc. 5 • .nn.11 Taro, 'IT06bl i«olKHO 6blno 

nposoAIITb cpasneHRe,, cnaAbi AaHbi B OTHOCliTOIIbHbiX OAHHRIXax. A6coniOTHble 3Ha'IOHH.II 

Taxon ua pan11yc 5 CM 60-120 MKa. 

TanTanosan TOKOB3Mep11Tellbnan MnmeBb BMen:a paaMepbi: BbiCOTa 20 MM, 1'1 R •15 MM. 

CpasneHIIO 3aBHCHMOCTH _cnall8 TOK8 OT pannyca npu ycxopeBHII IIOHOB 

B8eT, 'ITO npH 11CnDnb30B8HIIR CIICTOMbi OT00p8 cnan TOK8 HOBOB H+ 
• 2 

+ +' 
D B H 2 nOK83bi-

c paAHyCa R a15 CM 

AO R ~ 40 CM OO)'CllOBneH AHCCOllHallRell: MOlleltynnpnoro BOilOPOil8 Ha OCTaTO'lHOM ra3e, 

.Qng npnMepa na pac. 6 npasenenbl KpHBhle, xapaxTepu3yJOmue pa6oTy HCTO'lHnlta a cnan 

TOKa Bllonb paAayca npa pa3IXB'IHbiX pacxoJJ.ax raaa. To lKe caMoe cpasneBBe npa ycxopeuau 

6e3 nenTPallbuoll: cacTeMbi OToopa noxa3biBaeT, 'ITO 'neli:Tepaesoe nnaTo' na'lanaeTCH ue-

cxollbxo noalKe, a BMenno c panaycos R -=20-22 CM, Ecna C'IHTaTb 'laCTb Taxa,' 

some]lmero B nponecc H30Xponnoro ycxopeBH~ no neli:TepnesoMy nnaTo n oTuecTn era x To-

xy, na6monaeMoMy na paJJ.nyce R -=6 CM0 TO B 3aBUCHMOCTH OT n8CTPOJ!KB MarBHTBoro 

nann. TOK yMeBbmaeTC.II C CHCTeMOJI: OT00p8 1,5-2 pa3a H oe3 nee B 3-8 pa3, 

3. llonoJKenue neBTpos op6BT 

llonolKenue nenTpos onpenennnocb MaTOAOM Tpex npo6nuxos no 50% nepexpbiTBJO Taxa. 

Pe3yllbT8Tbi H3Mepenaa npnsenenbl na puc. 7. H3 puc. 7 sanno, 'ITO npu nanu'l:HH OIITHKB 

nepsoro ooopoTa nenTpbi op6HT npaxTn'leCKB cosnanaroT c nenTpoM ycxopaTen:~ 

4. Pa3neneHBe op6uT 

.QnH nccnenosanu11 npocTpancTseunoro pa3AeneHB!I op6uT cnan Taxa no panuycy CHHMan

cn c noMOWbJO a~tpanuposannoll: Mnwena, BbiCTynaromell: B3 axpaua ua 2 MM. PesyllbTaTbi 

H3Mepennl! npusenenhl na pac. 8, TaM lKe noxa3auo pac'leTnoe nonolKeBHe op6BT, "'eTxoe 

pa3nenenue_ op6nT na6nronaeTcn TOI!bxo npu xopoweM saxyyMe (u OTHOCIITellbno ManoM 

TOKe). OrcyTc~sue cnana Toxa c ysenll'leHHeM panayca Cslt3ano c TOM, ·'iTO mar op611T 

yMeBbmaeTC!I, B na KOpOTKYJO MIIWeBb na'lHBaeT nonanaTb nonHbiJ! TOK, 8 H8 era 'l:aCTb t KaK · . .... 
na snyTpennax panuycax. 

5, llepexpbiTIIe nepsoro o6opoTa 

Onpeneneuubrll: IIHTepec npencTaBnHeT accnenosauue mnpuubr ny'l:Ka ua nepsoM o6opOT8 

H )'OblnH HOHOB OT nepsoro OOOpOTa KO BTOPOMY1 T,e, 3a JlBa npoXO)KAeHHll YCKOpll!Omell: 

menu. 3ToMy sonpocy 6bln nocsnmeu cnennallbHblil s~tcnepnMeHT, Era pe3yllbTaTbi noxa3a-

Hbi ua pnc. B • .nn:nua snyTpeuuel! mTopxu, yKpennenuoa ua HH { CM. p~c. 1), non6u-
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panacL 3KCnepHM9HTanLBO, B TOM cnyqae, KOri(a a nynepe HOT ponoDHHTOnLHOA KODOBHhl1 

uoaw, npeTepneamue paccennue aa raae a pail:one nepaoro ycxopenun napy~ OT op6nTw, 

Hlf'lOM He aapep>KnaaJOTCH, 3TO UpHaOAHT K ymnpeHHIO op6HTW Ba nepaOM Otl?pOTe H y6una 

nyq:xa KO aTOpOM)'1 TaK KaK 6oDLWHBCTaO pacCeHHBbiX qacTHil UpH06peTaiOT Be TOJILKO ropK-

30HTanLnyi01 BO H aepTHKanLnyJO COCTaamrromyro CKOpOCTH, 

fipn YCTaBOaKe KODOHHW Op6HTa Cy>KaeTCn H y6hlnL nyqxa OT ~epaoro KO BTOpOMy 

o6opoTy npaKTnqecKH OTCYTCTayeT, 

6, HccnenoaaHHe aepTnKanLaoro pacnpeneneann qacTHil a ycxopenHoM nyqKe 

nnn nccnenoaannn aepTHKanLaoro pacnpenenennn HCUOnL30BanaCL paanaqUag MOTOAHKa 

H paannqnue MHWeHB a aaaHCHMOCTH OT papnyca1 Ha KOTOpOM npOHCXOnHT H3MepeHHQ, 

HnTeroanLHbiil MeTon aaxnroqanc.!l B nocTeneHHOM nepeKpWTHI! BWCOTW Ml!rueHH 3KpaHOM 

n naMepeann cnana ToKa, BepTnKanLaoe pacnpeneneane onpenennnocL npn aToM nncjlcjlepea-

ItHpoaanneM nonyqeHHOA KpHBOA, fipn nnpffiepeagnanbHOM MeTOAe cxaoaL nyqoK no aepTn-

Kana npoaonnnacL TOHKaH (nnaMOTpOM 1-3 MM) MHWOHL C 9KpannpoaaHHWM OCHOaaHHeM, 

HeAOCTaTKOM 'naMepennil: KaK TQM1 TaK H npyrnM MOTOAOM 6wno T01 qTO nepeMemenne 3K

paHa nm1 TOHKofi Mnmenn no BepTHKann ocymecTannnocb apamenxeM npo6anKa aAOnL ocn, 

qTO npnaonnno K HeKOTOpOMY H3M9H9HHIO paAI!yCa a npogeCce H3MepeHHH, nnn yMeHL,me

HH.!! CanaaHHbiX C 9THM OIIIH60K IIpliXOAHPOCL HCnOnL30aaTL I(ncpcpepeHitHanLHWe MHIII9Hll pas

HOi! nnunbi npn naMepeHHH na paanaqnbiX pannycax (Annaaee na MaDbiX pannycax, rAe 

6om.moe paaneneau~ op6nT), PeaynLTaTbi H3Mepeanfi npuaenenw na puc. 10, Ha pnc. 10 

CllenyeT0 qTO abiCOTa nyqxa, H3MepeBHaH na ypOBHO 0,5 COCTaa/IHQT IlpHME;jPHO 5-6 MM 

npn nannqnn nynepa n 10- 12 MM 6ea nero, Ha acex paAnycax nyqoK nneT awme. reoMe

Tpnqecxoil: cpenaeil: nnocxocTn ycxopnTenn. 

.1. HccnenoaaHHe cjlopMw cryCTxa ycxopsmMux nonoa 

$opMa cryCTKa yCKOpBOMhlX HOHOa Ha6PIOA81IaCb C nOMO!DLIO CitOpOCTHOro ocunnno-
0 

rpacjla, fipo6HHK1 nnymail: no yrnaM 90 It KpOMKe eyaHTa, 6hl/I BwnonneH B an~e 150-oMHOil: 

xoaKcnanLnoil: nnanu, aaKaaqnaaiOmeil:cn aaxyyMao-nnoTHbiM 150-oMHWM paa"&eMOM, Cnraan 

no cornacoaaHHOMY 150-oMHOM)' xa6en10 noAaaancn aa axon mnpoxononocaoro 

c ahlxona KOToporo nocTynan aa cornacoaaHahlil: axon ocunnnorpacjla, 

yCH/IHTB/1.!11 

nonoca nponycKaann TpaxTa cnraana cocTaannna 200 Mrn. 'CnaxpoaRaanun ocuunno

rpacjla ocymecTa/InnaCb C IIOMOlliblO CIIOUHaJILHOil: CX9Mhl1 KOTOpan IIOHHJKaDa '!aCTOTY C 

10 Mrn ('!acTOTa reaepaTopa unKnoTpoaa, paaaan '!aCTOTe cneAoaaaun crycTKoa) ·no 

qacTOTbi < 20 xru, nnnnromeilcn aepxneil qacTOToil aanycKa ocunnnorpacjla, 

6 

I 

Cnrnan Ba CXOM)' CHBXpOBH38IlHH llOCTYnan CO CneitHanLBOrO QMKOCTHOro AennTen£ 1 

canaaaaoro c AyaHTOM ycKopuTenn. $opMa nMnynLcoa na paanuqaux panuycax noxaaaaa 

aa pnc. 11. 

$aaa Hanpi!>KeBHH, HaaOAHMOrO Ha MBWOHL; 6naronapg HaDKqBIO OMKOCTBOA CaH3H C 

nyaHToM, npnMepao aa 90° onepe>KaeT cjlaay aanpn>Kenan aa nyaaTe, PaanocTb cjlaa Mo>KeT 

necKonLKo yMeHLmaTbcn TODLKO npn naMepeanu na oqeHL ManeHLKHX pannycax, Yron npo

neTa qacTHil oT nyaaTa no npo6anxa cocTaanneT 90°, TaxnM o6paaoM cjlaaa crycTKa na MH

menn Ha 180° OTDHqaeTCH OT cpaau crycTKa no OTHOWeHHIO K yCKOPHIOllieMy Hanpm«eHHIO 

a MOMenT BWDeTa H3 AyaaTa, 

Ha puc. 11 annao, qTo npn aanuqxn nyne~a crycTOK nnnneTcn xopomo -ccjlopMnpoaanHbiM, 

Oa aannMaeT npaannLaoe nono>Kenne no oTaomenxro K cjlaae ycKopnromero nanpn>KefiH.!!, 

Ero ADHTODbHOCTb npn OCHOaaHHH COCTaanneT npHMepao 0 11 OT nepnona BWCOKoqacTOTHOrO 

ycxopnromero aanpn>Keann. 

Bea nynepa HMnym.c anaqnTenLHO xy>Ke, on nMeeT cno>Kayro CTPYKTYPY• 

3 a K II 10 q e H H e 

B peaynhTaTe anannaa nonyqenahlx peaynLTaToa MO>KHO cnenaTL ahlaon, qTo sKcnepn

MBHTam.no nonoopaHH8H reOMBTpHH IteHTpanLHOA 061IBCTB C AOCTaToqHO·BhlCOKOil: CTeiiQHbiO 

ToqnocTn coanana c TeopeTnqeCKH paccqnTannoil:, fipn STOM no cpaaneHHIO c cacTeMoil: 6ea 

neHTpallbHOil: OIITHKli 

a) yMeHbmnncn cnan ToKa aa nepabiX ooopoTax, 

6) ynyqmnnacb rpynnnpoaKa neHTpoB opoHT aonuan reoMeTpnqecKoro nenTpa ycKopn-

T91ISI, 

a). yMeHbWRIIHCb aepTHitanLHbie paaMephl nyqxa aa MaDbiX panuycax, 

r) anaquTenLHO ynyqwnnacb cjlopMa · HMnynLca Toxa ycxop neMbiX qacTnn. 

/3/ 
TaKHM oopaaoM, peaynLTaThl, nonyqeHHhle B paooTe • MoryT Cny>KHTb AOCTaTO'!HbiM 

OCHOBaHHOM Il/IH IIpOBKTHpOBaHIIH UBHTpanLHOH OIITHKH pBIIHTHBHCTCKOro npOTOHHOrO DliK/Io

TpOHa aa anepruro 700 Mas, 

B 3aK/110'19HH9 aaTopbl onaronapHT E. Cxaaoe aa y'!aCTHe B oocy>KJleHHH nporpaMMbi H 

MeTOJlliKH HCCnenoaannii, M. CeMeHoaa aa paapaOOTKy annapaTypbi, M. AaaaLeaa H n. Pwoa

KOBa aa ooecne'!enne SRCnepnMeHTOB na YCKOpHTene H T.Ko'!KHHY aa pacqeT TpaeKTopn~ 

HOHOB na 3CM, 
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