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BeeoeHue 

B cl>H3HKe qacTHU BLIC0KHX :rnepruii y)Ke np0,l{OJDKHTeJJLH0e 

BpeMJI ,l{JJJI cl>oKycupOBKH 3apJI)KeHHLIX qac~un HCil0JJL3YIOTCJI 

MarHHTHLie KBa.l{pyn0JJLHLie JJHH3LI pa3H006pa3HLIX THil0B 

H ra6apHTOB. IIpoCTOTa K0HCTPYKUHB 3TBX JJBH3 B B03M0)K

H0CTL npoBe,l{eHBJI ,l{0CTaToqHo TQqHLIX pac11eT0B TpaeKTOpBii 

,l{BH>KeHHJI 3apJI)KeHHLIX qacTBU o6ecneqBJJB 11X WBP0K0e 

npBMeHeHHe Ha Bcex C0BpeMeHHLIX yCK0PHTeJJJIX, 

O.l(HaKo B TaKBX JJBH3aX cl>()KYCBPOBKa. ocymecTBJJJleTCJI 

T0JJLK0 ,l{JJJI napaKCHaJJLHLIX nyqKoB· 3apJ1>KeHHLIX qacTHU, 

K0r,l(a HanpaBJJeHHJI TpaeKTOpBii qacTBU C0CTaBJJJIIOT yrJJLI 

C 0CLIO nyqKa, He npeB0CX0,l{JIJUHe HeCK0JJLKBX rpa.l{yC0B. 

3To npBHUHilHaJJLH0e orpaHBqeHBe He Il03B0JJJleT nonyqBTL 

TeJJeCHLie yrnLI 3aXBaTa IlH0HHLIX KaHaJJ0B B3 KBa.l{pynoJJLHLIX 

JJHH3 6oJJLWe, qeM 10-2 cmepao. HHTeHCBBHOCTB Me30HHLIX 

nyqK0B, nonyqaeMLie C Il0M0IULIO TaKBX JJBH3 BJJB BX CBCTeM, 

,l(0CTBrJJB B HaCT0JILQee BpeMJI npe,l{eJJLHLIX 3HaqeHBH, onpe

,l(eJJJieMLIX T0KaMB nepBBqHLJX nyqKoB CaMBX ycKopBTeJJeii. 

Me>KAY TeM BeCL XO,!( pa3BBTBJI cl>B3BKB qacTBU BLIC0KBX 

3Hepruii H Il0CT0JIHHO B03HBKaIOIUHe H0BLie HanpaBJJeHBJI 

npBKJJaAHLIX 3a.l{aq Tpe6y10T .l{JJJI CBoero peweHBJI Bee B03 -

pacTalOLQHX BHTeHCBBHOCTeii Me30HHLIX nyqKQB B ace 60JJL-

weii IlJJ0TH0C~B BX 0CTaH0B0K. 3To, B nepByIO oqepe,l(L, 

0TH0CHTCJI K TaKBM npBHUBilBaJJLH0 Ba)KHLIM qBCT0 cl>B3Bqe

CKHM 3KCnepBMeHTaM, J<i:aK Il0BCKB pe,l{K_HX CHCTeM pacna,l{0B 

nu- H MIO-Me30H0B, B K TaKBM npBKJJa,l{HLIM BonpocaM cl>B3BKB 

KaK, HanpBMep, Me30XBMBJI H, B oco6eHHOCTB, nyqeBaH 

TepanHJI 3JJ0KaqecTBeHHLIX o6pa30BaHBH nyqKaMB 0TpBna

TeJJLHLIX nu-Me30H0B. UeJJLIO HaCTOJIJUeii pa60TLI JIBBJJaCL 

pa3pa6oTKa TaKoro cnoco6a cl>oKycBpOBKB, c noMomi.roKoTo-
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poro B ycnoBH.RX HMeIOID;HXC.R BHyTpeHHHX T0K0B npoTOHHbIX 

ycKOPHTeneii M0:>KH0 ocyID;eCTBHTL nonyqeHHe 3HaqaTenLH0 

6onee BbIC0KHX /npHMepHO Ha 0,WIH-ABa nop.RAKa/ HHTeH

CHBHOCTeii Me30HHbIX nyqK0B H nnoTHOCTeii HX 0CTaHOBOK. 

Bo3MOJICHOC111U no11y'leHUJl u ucnoAb30eaHUJl a 11y'leeoii 
mepanuu KOHBepzeHlflHblX ny'IKOB 0111puija1t1e/lbHblX nu- Me30H06 

B nocneAHHe rOAbl np0BOA.RTC.R Bee 6onee WHp0KHe OnbITbl 

no HCnOJIL30BaHHIO B nyqeeoii TepanHH T.R:>KenbIX 3ap.R:>KeHHbIX 

qacTun: npoToHoB, AeiiTpOHOB, a -qacTHU H MHoro3aP.RAHblX 

H0H0B H nnaHHpyIOTC.R 3KCnepHMeHTbl C TT- -Me30HaMH /l/ . 
Etne B 1961-1.965 zz. cl>aynepoM H IlepKHHC0M 12 ,

31 6blnO 

noKa3airn, qT0 HaH6onee 3cW,eKTHBHbIMH Ail.R nyqeBOH Tepa

nHH 3Il0KaqecTBeHHbIX o6pa3oBaHHH MOryT 0Ka3aTLCJI OTpH- • 

u;aTenLHble nH'"~e30Hbl C 3HeprH.RMH ·oT 25 AO 100 M3B. 
TepaneBTHqecKHe npeHMyID;eCTBa OTpHD;aTenLHbIX nu-Me3o

HOB o6ycnoBneHbl yHHKanLH0CTLIO BX B38.HMOAeiiCTBH.R C .RA

pa.MH. aTOMOB.Hau6onee Ba:>KHOH oco6eHHOCTLIO nH-MHHyc

Me30HOB yKa3aHHbIX 3Hepruii .RBil.ReTC.R cnoco6HOCTL npoxo

AHTL BeCL IlYTL B TKaHH AO nonHoro T0pMo:>KeHH.R noqTH 6e3 

.RAepHbIX B3aHMOAeiicTBHH. B KOHD;e cBoero npo6era OHH 

co lOOo/o eepo.RTH0CTLIO 3axBaTbIBaIOTC.R .RApaMH aTOMOB, 

COCTaBil.RIOID;HX TKaHL. TaK KaK npH 3TOM B .RAPO BHOCHTC.R 

oqeHL 6on&l1Ia.R 3HeprHH, paBiia.R Macce Il0K0.R nu-Me30Ha 

/140 M3B/, T~, KaK npaBuno, Ka:>KAblii aKT nornotneHH.R 

nH-~HHYC Me30Ha conpOBO)KAaeTC.R pa3pyweHHeM .RApa H 

BblneT0M H3 Hero HeiiTpoHoB, npoT0HOB · H TaKHX cunLHO 

HOHH3HPYIOlllHX. qacTHD;, KaK a -qa.CTHD;bl, H0Hbl 1Li ,Be , B .H 

AP-, KOTOpble CO3AaIOT 6oni.woe noKanLHOe 3HeprOBbIAeneHHe 

B HenocpeACTBeHHoii·•6nu3ocTH OT· MecTa· :Jax:eaTa, 3Haqu

TenLHO · yBenuquBa.R · TeM caMbIM nopa:>KeHHe B onyxonu. 

K co:>KaneHHIO, B HaCT0.Rtnee BpeM.R ucnonL30BaTL OTpH

naTe.JILHble nu-~e30Hbl B Tepanuu paK0BbIX 3a6oneeaHHii 

·lie. npeACTaBn.ReTC.R B03M0:>KHbIM, TaK KaK'.Ail.R nonyqeHH.R 

B onyxonH A03bl B 150 63pHeo6XOAHMO ocTaH0BHTL npaMepHO 

10 8 TT -~e30H0B B . Ka)KAOM Ky6HqecKOM caHTHMeTpe ony:

xonH /3/. ,n;ocTaToqHoii Ail.R nyqeBOH , TepanHH ," HHTeHCHB

HOCTLIO nyqKOB TT- -Me30H0B He o6naAaeT HH. OAHH H3 
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cyID;eCTBYIOID;HX B MHpe y·cKOPHTeneii. Hau6onLlIIa.R HHTeHCHB
HOCTL Ily:qKa nH-~HHyc-Me30HOB C 3HeprHeii 65 M3B A0-

CTHrHyTa B HaCT0.RID;ee BpeM.R Ha CHHXP0D;HKil0Tp0He 730M3B 
B IiepKnH 141 , -10 6 ceK - 1 , CHCTeMa clJoKycHpOBKH 

o6ecneqHBaeT M0ID;HOCTL A03bl B nHKe I,p3rra 0K0il0 

0,5 pao/MUH HannotnaAH3 x 5 CM 2• IlHOHHbIHnyqoKHeCKOnL

KO MeHLlIIeii M0ID;HOCTH A03bl - 0,3 pao/MUH nonyqeH Ha 

npoT0HH0M CHHXP0T.Ji>0He 7 I'3B B HHMPOAe 151. B Jla6opaTo

PHH .RAePHLIX npo6neM OH.HM Ha CHHXp0D;HKil0TpoHe 680 M 3B 
nonyqeH nyqoK 90 M3BnH-MHHYC Me30H0B C HHTeHCHBH0CTLIO 

7 .10 5 ce1< -l H cp~Heii Ilil0TH0CTLIO OCTaHOBOK B yrnepoAe 

Ha nnoID;aAH 75 cM oKono 10 3 z-1ce1<-I/6/TaKoii :>Ke npa

MepHo nyqoK nonyqeH Ha CHHXpOD;HKil0TP0He 600 M3B 
B BHPA:>KHHHH 171 .nnoTHOCTL OCTaH0B0K 10

3 z-'ce1<-1 o6ec

neqHBaeT M0ID;HOCTL A03LI OKOil0 0,05 paO/MUH. fiyqoK 

nH-~HHyc-Me 30H0B Ha CHHxpou;HKnoTpoHe BUE PHe o6na,L{aeT 

3aMeTH0 MeHLlIIeii HHTeHCBBH0CTLIO H M0ID;H0CTLIO ,l:{03bl 

/ecero 0K0il0 0,2 pao/'lac/ 181~ HeKOTOpble-H3 3THX nyqKoB 

HcnonL30BanHCL HilH HCn0ilL3YIOTC.R AilH npoBeAeHH.R pa,L{Ho-

6aonoraqecKHX H A03HMeTpHqecKHX HCCileAOBaHHH C nenLJO 

nonyqeHHH HHclJOpMaD;HH 06 OTHOCHTenLHOH 6aonoraqecKoii· 

3cW,eKTHBHOCTH na-Me30H0B,BenHqHHe KHCil0P0AH0ro 3neK;. 

Ta,o A03HbIX pacnpeAeneHHHX, BilHHHHH npHMeceii H .L{p. 4 ,e/ • 

fiyqKH ne-MHH}tC-Me30H0B, A0CTaToqHble no HHTeHCHBH0CTH 
A ~ 

.L{Il.R KilHHHqecKoro HCil0ilL30BaHHH B ·nyqeB0H TepanHH OHKo-· 

noruqecKHX 6onLHLIX, imMeqaeTcil nonyqHTL Ha CTP0HID;HXCH 

Me30HHbIX '1a6peKax B Jloc-AnaMoce /CIIIA/ 191 , BaHKyeepe 

/KaHa.L{a/ 1 O/ a Uwpuxe · /llleeiinapHH/ I 11 /_ Cne.L{yeT on.te -

THTL, qTo Ha ecex 3THX Me30HHLIX clJa6pHKax AilH nonyqemrn 

Te paneeTuqe CKHX nu_. Me 3 OHHLIX nyqK0B · HaMeqaeTCH HcnonL -

30BaHHe "o6LJqHoii" 0ilTHKH napaKCHanLHLIX nyqKQB Ha 0CH0Be 

KBa.L{pynonLHLIX nHH3 H 0TKnoHHIOID;HX MarHHT0B c aKd·enTaH-

coM no Te.necHoMy yrny oKono 10-2 cmepao. • 
Me:>K.L{y TeM B nyqeeoii TepanHH .L{Il.R yMeHLlIIeHHH o6nyqe

HH.R 3.L{0P0BLIX TKaHeii qaCT0 HCil0ilL3yeTCH MHOrononLH0e 

o6nyqeHHe oqara nopa:>KeHHH, a TaK:>Ke ceKTopHaH ana Kpy

roeaH poTaD;HH nanaeHTa; IlOJTOMY npHMeHeHHe CXO.L{HID;HXCH 

/KoHeepreHTHLIX/ nyqKoB 3apH)KeHHLI.X: qacTHU H, B qacT

H0CTH, nH-MHHyc-Me30HOB, npHBeno 6LI K 3HaqHTenLH0MY 

ynyqweHHIO C0OTH0lIIeHH.R nopa:>KeHHH B onyxonH K nopa:>KeHHIO 
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OKpy:>1Cal011lHX 3,IJ;OPOBLIX TKaHeii, r,IJ;e, OHO. He:>ICeJiaTeJibHO, 

H HaH6011ee IlOJIHO .6LI COOTBeTCTBOB8.JIO OC:aoimoii iieJIH 11yqe

BOH TepanHH. 3TO o6cTOJITeJibCTBO HaTaJIKHBaeT· Ha B03-

MO:>ICHOCTb HcnoJib30BaHHJI, BMecTo Tpa,D;HnuoHHLIX ,IJ;Jis 4>u:i:eKH 

qacTHn BLICOKHX ·:mepruii KaHaJioB qacTun H3 KBa,IJ;pynoJibHLIX 

JIHH3, IIIHpOKO}'rOJibHLIX 4>oxycupy10UU1X CHCTeM C CYllleCTBe1f

HO HenapaKCHaJibHLIMH TpaeKTOpHHMH, BllJIOTb ,IJ;O 40-80 , 

. 'ITO npHBe,IJ;eT K yBeJIHqeHHIO aKcenTaHca no TeJieCHOMY yrny 

npHMepHO na ,IJ;Ba nopJI,IJ;Ka / ,IJ;O 1 cmepao/. . 

Memoob1 UIUPOKOYZOAbHOU ¢o~ycupoeKU 

B pa6oTe 1121 6LIJIH, paCCMOTpeHLI ,IJ;Ba B03MO:>ICHLIX 

MeTO,IJ;a umpoKoyroJibHOH 4>oKyCHPOBKH ripliMeHHTeJibHO K no

JiyqeHHIO KOHBepreHTHLIX nyqKOB nu-Me30HOB. O,IJ;HOH H3 

TaKHX 4>oKycupyIOntHX CHCTeM HBJIHeTCH TOpOH,IJ;aJibHaH Mar

HHTHaH JIHH3a THna "Anenbco/t;·, npe,IJ;JIO:>ICeHHaH B 1950 ro,IJ;y 

O.Ko4>03,IJ;- XaHceHOM . H ,D;p. , a TaK:>1Ce .B 6e3:>ICeJie3HOM 

BapHaHTe - .. B~B.BJia,IJ;HMHPCKHM H ,IJ;p. B 1956 ro,IJ;y 1141 .K. 

Ha0TOHllleMy· BpeMeHH Ha OCHOBe TaKHX T.OPOH,IJ;aJibHLIX JIHH3 

no:cTpoeHO . HeCKOJlbKO cneKTpOMeTpOB KaK C :>ICeJie~HLIMH 

cep,IJ;eqHHKaMH /lS/, TaK H 6e3:>ICeJie3Horo Tuna 
116- 101 , no-

11yquBmHx WHpOKOe npHMeHeHHe B 6eTa- cneKTpOCKOllHH H 

OTJIHqalOlllHXCJI 6oJibWOH CBeTOCHJIOH ;1O~2O1o OT 411 , T.e. 

1-2. cmepao/ H. npueMJieMLIM pa3pemeHHeM /0,5 - 1<1/o/. 

,ll;pyroii THll umpoKoyroJibHLIX 4>0Kycupy10UU1X CHCTeM - 3TO 
. ' . . -', - ~ 

COJieHOH,IJ;aJibHLie JIHH3LI C O,IJ;HOPO,IJ;HLIM .. HJIH HeO,IJ;HOPO,IJ;HLIM 

aKcHaJibHO- C_HMMeTpHqHLIM MarHHTHLIM .llOJieM. Hau6011ee 

COBepmeHHLie cneICTpOMeTpLI TaKoro THna C ueo,IJ;HOpO,IJ;HLIM 

noneM 6LIJUI llOCTpoeHLI ,IJ;JIH 6eTa-cneKTPOCKOllHH Cmnu

COM . H 3Hr6aHOM _/19/. 'B 3THX cneJCTPOMeTpax ,IJ;OCTHrHyTa 

pa3pewa10ntaa cnoco6uocTb B 4<1/o npH cBeTocune 8°/o OT ::f11 

HJIH OKOJIO 0,IJ;HOrO CTepa,IJ;HaHa •. CpaBHHTeJibHOe 4>H3HKO-Tex

HHqecKOe conocTaBJieHHe 3THX MeTO,IJ;OB, npOH3Be,IJ;eHHOe B 

pafioTe /l 2/, llOKa3aJIO, qTo XOTH COJieHOH,IJ;aJibHLie JIHH3LI 

C HeO,IJ;HOpO,IJ;HLIM JIOJieM H~JIHI01:CH 6011ee . Tpy,IJ;OeMKHMH B 

OTHOWeHHH pacqeTa, OHH cynteCTBeHHO nponte B. OCYllleCTBJie

HHH. H:iroToBn:eHHe 6011Lmux KaTymeK B036y:>1C,IJ;eu11a 06L11iuoii 

Kpyrnoii 4>opMLI HBJIReTCH .\ 3a,IJ;aqe:ii 3HaquTeJibHO . MeHee 
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CJIO:>ICHOH, qeM H3rOTOBJieHHe ·:KaTymeK B036y~eHHH CJIO)K

uoro. npoli>HJIH ,IJ;JIH TOpOH,IJ;aJibHLIX JIHH3. -KpoMe Toro, HaJIHque. 

60JibWHX pacceHHHLIX MarHHJ'HLIX noneii BHe 3a3opoB TOpo-. 

H,IJ;aJILHLIX JIHH3 OKa3LIBaeT CHJILHOe BJIHHHHe Ha TpaeKTOPHH 

,IJ;BH:>ICeHHH qacT,en H npHBO,IJ;HT ·K llOHBJieHHIO. 3HaqHTeµLHLIX 

a6eppanuii H3o6pa:>1CeHHH HCTOqHHKa. Il03TOMY B HaCTOJ!:nteii. 

pa6oTe C,IJ;eJiaH BLI6op . B llOJIL3Y COJieHOH,IJ;aJILHLIX JIHH3 

C HeO,IJ;HOPO,IJ;HblM aKcHaJILHO-CHMMeTpHqHblM MarHHTHLIM no
JieM. 

B 1973 ro,IJ;y llOHBHJIOCL npe,IJ;JIO:>ICeHHe HCllOJIL30Ba TL ,IJ;JIJI 

4>oKycupoBKH DH-Me30HOB MarHHTHYIO TOpOH,IJ;aJILHYIO· JIHH3y 

cBepxnpoBo,IJ;Jintero Tuna ~201. O,IJ;HaKo cBe,IJ;euuii o pea11u3a

l{HH 3TOro npoeKTa llOKa He.HMeeTCJI. 

Oco6e11Hocmu wupoKoyzoAbHoii ¢oKycupoeKu 
e HeooHopooHb1X aKcuaAbHO- CUMMempu'IHb1X 

MaZHUmHb1X noAJIX 

.· 19 : . . 
CJI3THC H 3ur6aH 

1 1 
uccne,IJ;OBaJIH 4>oKycupoBKY CHJILHo, 

BOrHyTblM aKCHaJILHo- CHMMeTpH'lHLIM MarHHTHLIM noneM 

H 06Hapy:>1CHJIH, 'ITO .. npu HeKOTOpOM 6oJILWOM rpa,IJ;HeHTe 

DOJIH Ha6JIIO,IJ;aeTCJI pe 3KO BLipa:>ICeHHOe yBeJIH'leHHe npo -

_nycKaHHJI 6eTa-cn~KTpoMeTpa. Hccne,IJ;yJI xo,IJ; nyqKa 4>0-

Torpa4>HqecKHM MeTO,l:\OM, aBTOpLI HaWJIH, 'ITO TpaeKTOPHH 

3JieKTPOHOB nepeceKalOTCJI .B cepe,D;HHe cneKTPOMeTpa, o6pa-

3YJI 3,l:\eCL npoMe:>ICyTO'IHOe H306pa:>1CeHHe. ,3aTeM Beci.,ny'IOK 

KOHl{eHTpHpyeTCJI H co6upaeTCJI .B He60JILWOH 06JiaCTH Ha 

OCH. npH6opa. Heo6xo,IJ;HMaJI 4>opMa llOJIH ,IJ;JIJI $oKyCHpOBKH 

C npoMe:>ICyTO'IHLIM H306pa:>1CeHHeM noJiy'leHa B 3TOM cneKT· 

poMeTpe C llPHMeHeHHeM .:>ICeJie3HOro naHl{HpH •. IlOJIJI aHano

rH•rnoii diopMLI MO:>ICHO nony'IHTL TaK:>1Ce 6e3:npHMeHeHHJ1 :>1Ce

ne3a 1217. Ilepeoe cHcTeMaTuqeeKoe TeopeTuqeeKoe ueene~ 

,l:\OBaHHe iboKyeupyIOntHX eBoiieTB aKeHaJILHO- CHMMe.TpH'IHLIX 

!}OJieii BeeB03MO)KHLIX .THIIOB /eeero 34/: KOJIOKOJI006pa3Ho

ro, TpeyroJILHoro· H . BorHyToro 6Lino e,IJ;enaHo· B pa6oTe • 

JIHH,D;rpeHa H IIIHeii,D;epa 1221 . 3TH paeqeTLI llOKa3aJIH; · qTo 

KaK. eibepuqeeKaJI a6eppal{HJI , TaK. H. WHPHHa H306pa:>1CeHHH 

HeTOt{HHKa B KOJILl{eBOM' iboKyee · llOJIHOeTLIO 3aBHCJIT OT 

ibopMLI llOJIJI. B- cornaeHH e 3KenepHMeHTOM llOJIJI BOrHyTOB. 
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,IiopMLI AaIOT MeHLWYIO c4'epH11ecKylO a6eppal.{HIO, 'ICM IlOilJI 

APYrHX THllOB. HHKaKHX pac11eTOB H HCCilCAOBaHHH TpaeK

TOPHH 11acTHI.{ B o6nacTH IlOilJI 3a KOilLl.{CBLIM ,IioKyCOM 

B 3TOH pa6oTe CAenaHo He 6Lino. B HaCTOJillleH pa6oTe 6LinH 

npoBeAeHi.i Ha 3BM AeTanLHLie pac11eTi.1 TpaeKTOPHH 3apg

:>KeHHLIX 11acTHU, KOTOpLie IlOKa3ailH, 11TO AilJI WHPOKOro 

Kilacca HeOAHOPOAHLIX, aKcHailLHO-CHMMeTpH11HLIX ~arHHT

_HLIX noneu, YCHileHHLIX Ha KOHl.{aX HilH HM,CIOlllHX pacnpeAe

IlCHHe llOJIJI Ha OCH C npoaanoM nocpeAHHe, BCerAa MO)KHO 

HaHTH TaKoe CCMCHCTBO TpaeKTOpHH 11acTHI.{ C 3aAaHHLIM 

3Ha11eHHCM HMllYilLCa Po , KOTOpLie, BLIIleTaJI B HCKOTOPOM 

KOHe'IHOM HHTepaane yrnoB H3 OAHOH TO'IKH Ha OCH ,IioKy

CHPYIOlllCH CHCTCMLI, BHOBL nepeceKalOT 3TY OCL, o6pa3yJI 

llO'ITH To11e11Hoe H306pa:>KeHHe HCTO'IHHKa. KpoMe Toro, 

TpaeKTOpHH 11aCTHI.{ C HeCKOilLKO OTilH'IHLIM 3Ha11eHHCM 

HMnyni.ca Po ± ~ p, BLIIleTalOll.lHX B TOM >Ke caMOM yrnoBOM 

HHTepaane, .TaK:>Ke nepeceKalOTCJI Ha OCH CHCTeMLI B TOH 

:>Ke caMOH o6naCTH, 'ITO H 11acTHl.{LI C HMilYilLCOM Po . 3TH 

oco6eHHOCTH ,IioKyCHPOBKH AilJI PJIAa THilH'IHLIX noneu / puc.1/ 
npOHilillOCTPHPOBaHLI Ha puc. 2. Ifa npoBeAeHHLIX pac11eTOB 

cneAyeT TaK:>Ke, 'ITO TpaeKTOPHH 11aCTHI.{, BLineTalOll.lHX B BLI-

6paHHOM yrnOBOM HHTepBane, BcerAa 06pa3yroT npoMe)Ky

TO'IHLIH KOilLl.{CBOH ,IioKyc B cpeAHCH 11acTH ,IioKyCHPYIOlllCH 

CHCTCMLI / puc. 2/. IIyTeM perynHpOBaHHJI KOilLl.{CBOH AHa

,IiparMLI, pacnOJIO)KCHHOH B MCCTe 3TOro npoMe)KyTO'IHOro 

H306pa:>KeHHJI, MO)KHO H3MCHJITL HMilYilLCHLIH pa36poc 11acTHI.{, 

co6HpaIO(UHXCJI B ,IioKyce. Ha puc. 3 IlOKa3aHLI BCilH'IHHLI 

paccTOJIHHH BAOJIL OCH ,IioKycHpyroiueH CHCTeMLI OT HCTO'IHH

Ka AO MCCTa nepece11eHHJI OCH B 3aBHCHMOCTH OT HMilYJILCa 

11aCTHI.{ MJI pa3IlH11HLIX yrnoB BLIJieTa. O6nacTL nepece11eHHJI 

CeMeHCTBa KPHBLIX, OTHOCJl(UHXCJI K pa3HLIM yrnaM, KaK 

BH,AHO H3 3Toro pHCYHKa, o6naAaeT npOH3BOAH0H dZ/dp= o • 
. 3To O3Ha11aeT BLIIlOilHCHHe YCilOBHH WHPOKoyronLHOH Mar

HHTHOH ,IioKycHpOBKH npH MHHHMaJILHLIX c,IiepH'ICCKHX H 

xpoMaTH'ICCKHX a6eppal.{HJIX. B TaKOHWHpOKOyrOilLHOH, axpo

MaTH'ICCKOH, ,IioKyCHPYIOlllCH CHCTeMe TeJieCHLie yrJILI 3axaa- . 

Ta, KaK CilCAYCT H3 npOBCACHHLIX pac11eTOB, 6YAYT COCTaB

IlJITL BCilH'IHHLI IlOPJIAKa OAHOro CTepaAHaHa, a nonepe'IHLie 

pa3MepLJ Me30HHOrO ny11Ka B ,IioKyce IlHH3LI, onpeACJIJIIOll.lHe 

llilOTHOCTL OCTaHOBOK, He fiYAYT npeBOCXOAHTL nonepe'IHLIX 
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Puc. 1. OceeaR 1<0Mno11e11ma 11e1<omopblx munoe Ma211um11b1x 
noAeii, 06pa3oea1111b1X pa3AU'IHblMU lia6opaMU 1fpy2oeb1X eum-
1<oe c mo1<0M. 

pa3MepoB Me30HHOB MHIUCHH. AuanorH'IHble oco6eHHOCTH 

,IioKycHpOBKH Me 30HOB HC0JJ.H0p0JJ.HhlM aKcHani.uo- CHMMeT

PH'IHhlM MarHHTHhlM. noneM, ycHneHHhlM Ha KOHl.{ax, HMCIOT 

MeCT0 H B TOM cnyqae, KOrJ].a Me30IIHaJI MHWCHL H MCCTO 

qJOKYCHpOBKH IlOilH0CTLIO 3KpaHHpoaaHhl OT BilHHHHH MarHHT· 

Horo no·ng C IlOMO(UblO Il0JJ.X0JJ.Jlll.lero :>Kene3H0r0 naHI.{HpH. 

IloJJ.p06HOCTH pac'leTOB TpaeKTOPHB H OCTaT0'IHblX a6eppal.{HB 

B ueo.zi'HopOJJ.HbIX, aKcHailbHO'-CHMMeTpH11HblX MarHHTHbIX rio

IlHX pa3IlH11HOr0 BHJJ.a 6YJJ.YT H3Il0:>KeHbl B OTAeilhH0H. CTaTbe. 
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Puc. 2. TpaeKmopuu 3apJ1J1CeHHblX 'lacmu11 e MazuumHblX no
.llJIX, u306paJ1CeHHblX Ha puc. 1, e 0611acmu yz11oe, coomeem
cmey1014ux UlUPOKOYZO/lbHOU ¢oKycupoeKe. 

KoucmpyKmueuble oco6euuocmu co11euouoa11buou 
nu- Me30HHOU .IIUH3bl 

IIony11HTL ueo6xo,zi;HMyro (},opMyueo.zi;uopo.zi;uoro, axcHani.
uo • C_HMMeTpH'IHOro MarHHTHoro nom1 MO)KHO C IlOMOIQLIO 
ua6opa xpyrJILJ:X xaTymex c :>KeJie3HLIM naH~HpeM HJIH 6e3 
Hero HJIH CBepxnpoBO.D;HIQHX KaTymeK C KpyroBLIMH BHTKa-
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MB. B nocneAHeM cnyqae, Y'IBTLIBa.11 nporpecc a 3Toii 
o6nacTB, MO)KHO O>KHAaTL pe3KOro yMeHLWeHB.11 ra6apBTOB 
cl>oKycupyro~eii CBCTeMLI B IlO.llBHeHB.11 B03M0)1(110CTBWBPOKO-
yronLHOH cl>oKycBpOBKB IlY'fKOB BLICOK03HepreTB'leCKBX qac- , 
THU 6onee T.11:>KenLix, 'leM nu-t4e30HLI. j 

B HacTo.11meii pa6oTe 6Lin OCYl.lleCTBneH aapuaHT coneHo- . ( 
BAaHLHOH HBH3LI,COCTO.ll~eii u3·ua.6opa BMeBWBXC.11.B pacno- ,. 
p.11:>KeHB_H roTOBLIX KaTyWeK B036y)K'AeHB.ll .:o.:i- MarHBTa-co- . \ 
neiIOBA8. TBila MC-::4 .. CxeMaTB'leCKBH ·11ej:>Te:>K 3TOH HBH3_LI .. 
noKa~ail :u:a puc. 4. JIBH3a co6upaeTc.11 :e:ijuecTB 'KaTymeK ! 
BO:l6Y:>KAeHB.ll C. BCilOHL30BaHBeM roTOBOro, pacwupeHH0ro ' 
no: Kpa.B:M, Bepxm~ro a HB)Kllero:>Kene3HOrO-.llpM8.0TMaJ::'ilBT8.- , 
cone!{OHAa MC-4_, B oKpy:>KaeTc.JI 6_<>KOBLIM .11pMOM AH.II '.- 1 

3aM~·KaHB.ll MarHBTHOro IlOT0Ka. IIpoMe:>Ky'TO'IHOe .llpMo, pac
no:jio:>KeHHOe Me)l(Ay TpeTLeii B 'leTBepToii KaTylIIICaMB, C03-
AaeT; npoaan non.11 a cepeABHe niiii3LI u pe·:iKo yaenuquaaeT 
MahiuTHoe none a o6nacTB ¥BWeHB .B «110Kyca:. · 

. PafnpemmeHBe aKCBaHLHOH . lCOM,IlO~eHTLI .MarHBTHOrO 
non.11 BAOHL OCH illlH3LI npu TOKe B036y:)l(AeHB.ll 900 A IlOKa-

·1 3a1rn Ha puc. 5. TaKoe pacnpeAeneHBe npBBOABT K yaenuqe
HHJO npuMepHo B ABa pa3a TenecHoro yrna 3axaaTa no 
cpaBHeHHIO C OAHOPOAHLIM noneM C TOH :>Ke caMoii anepTy
poii _u HHTerpanoM non.11 JH :,:dz , a ·TaK:>Ke_ K cymecTBeH
HOMY /1,5-2_ pa3a/ yMeHLWeHHIO ccl>epuqecxux B xpoMaTu
qecKBX a6eppauuii. ,D;n.11 npoaeAeHB.11 qucneHHLIX pac'leTOB 
TpaeKTOpBii 'laCTBU 3KcnepBMeHTaHLHLie .}'O'IKB pacnpeAene
HH.11 MarHHTHoro nomi annpOKCBMHPOBaHBCL IlOHBHOMOM 18 
CTeneHB. Ha OCHOBaHHH 3THX pac'leTOB 6L1.11a BLI6paHa cl>opMa 
ueHTpanLHoro 3al.llHTHOro cepAe'IHBKa H3 naTyHB, npeAOTBpa
~aro~ero np.11Moe nonaAaHue·;a o6nacTL cl>oKyca· :iap.11:>KeHHLix 
B HeiiTpanLHLIX 'laCTBU, 06pa3yromuxc.11 ~ MBWeHB, B yrnoaa.11 
3aaHCHMOCTL IlOBOpoTa BBHTOBLIX AHacl>parM HnHnonacTeii, 
pa3MemeHHLIX Ha 3TOM cepAe'IHHKe B npeAHa3Ha'leHHLIX 
AH.II pa3AeneHH.ll non_O>KHTenLHO B OTpHUaTeHLHO 3ap.11:>KeH-

. HLIX 'laCTHU. BaKYYMHa.11 KaMepa, 38.KpLITa.ll caepxy B CHH3y ' 
anroMHHHeBLIMH ABacl>parMaMH, no3aon.11e-r n36e:>KaTL pac
ce.11Hn.11 nH-t4e30HOB B B03AyXe. TaKa.11 coneHOHAaHLHa.11 
HHH3a cl>oKyCHpyeT nyqoK nu-Me30HOB BepTHKanLHO BHH3 
B 3a3op Me)l(Ay 5 H 6 KaTyWKaMH B nauueHT B 3TOM cnyqae 
6yAeT HaXOAHTLC.11 a Han6onee 6naronpH.llTHOM AH.II o6ny-
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Puc. 4. CxeMa111u'1ecKuiI '1ep111eJ1C co11eHouoa11b·HoiI MaZHU111HoiI 
IIUH3bl. 1 . - J1Ce11eanoe JlpMo; 2 - MUWeHb; 3 - eaKyyMHaR 
KaMepa; 4 - Ka111ywKa 6036yJICOeHUJI 0111 MQZHU111a- COlleHou
oa 111una MC-4; s. - 11eH111pallbHbrU 3QU#UlllHbrU cepoe'IHUK; 
6 - npoMeJKymo'IHOe J1Ce11eaHoe J1PM0; 7 - mpaeKmopuu aapJ1-
J1CeHHbrX 'IQClllUfl. 

'leHH.11 ropB30HTanLHOM nono>KeHBH Ha cneuaanLHOM MaHB
nyn.llTOPHOM CTone. Pac'leTHLie MaKCBMaHLHLie yrnLI pac-

0 0 
XOABMOCTB u CXOABMOCTB ny'IKa COCTaBH.lllOT 50 u 40 
COOTBeTCTBeHHO, TenecHLIH yron 3aXBaTa OKOHO 0,44 CTe-
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Puc. 5. PacnpeoeAeHue aKcuaAbHoii cocmaeAJ110U1eii MazHum
Hozo ·noAJI Ha ocu COAeHOUOaAbHOU MaZHUmHOU AUH3bl. 
KpueaJ1, npoeeoeHHaJI no 3KcnepuMeHmaAbHblM mo'11<aM;co
omeemcmeye111 anpo1<cuMat1uu · noAUHOMOM 18 cmeneHu. 

paA; .H K034>4>HnHeHT nponycKaHHJI pa3AenHTeJII,HblX BHHT0BblX 
nonacTeii npHMepH0 7O"/o. HeKOTOpble 0CH0BHble napaMeTpbl 
corieHOHAanbHoii nHH3bl. npHBeAeHbl B ma6A. J. 
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Ta6mma 1 
OcHOBllbie rrapaMeTphI coneHOHi:tanbH0ii nHH3hI 

BhrcoTa 

llnnaa 

lllnpnaa 

Bee nHH3hI 

tfncno BHTK0B 

MaKCHManhHhIH TOK B036y)KJl0HH.H 

AnepTypa 

llnnaa ueHTpanbHoro aaIUHTHoro 

cepJle~HRKa C BHHT0BhlMR 

nonacT.HMH 

YI HTerpan OC8B011 COCTaBnmoIUeii 

MarHRTHoro non.H f Hz d z, 

TTorpe6nHeMa.H M0IUH0CTb 

# 

4,2 M 

2,7 M 

1,8 M 

86 T 

2500 

900 A 

450 MM 

1,3 M 

' 6 
2,35•10 3•CM 

820 KBT 

06111aJ1 cxeMa noAy'leHUJI nu- Me30HHOZO ny'IKa 

Pacnono)KeHHe coneHOHAanbHOH nHH3bl B KOprryce CHH
XPOUHKnOTpOHa Jla6opa TopHH J1Aepublx •.npo6neM OIUIH H 
CHCTeM TpaucnopTHpOBKH BLIBeAeHHoro npOTOHHOrO ny'IKa 
noKaJaHLI ua puc. 6. noBopoTno-4>0Kycepy10IUHii npoTOHHblii 

Kanan COCTOHT HJ Tpex OTKnOHJIIOU\HX MarHHTOB /OM -1, 
en - 37 H en - 10-2/ H IlJITH KBaApynonbHbIX. nHH3 · / AYfineTUB 
THna MJI-3/ c anepTypoii 80, 120, 120, 120 _H 100'MM 
COOTBeTCTBeHHO. OcHOBHOe OTKnoHeHHe npoTOHH0ro IlY'IKa 

. .. 0 

ocyinecTan,i:eTcJI MarHHTaMH en-37 Ha yron 30 H en-1O- 2 
0 .• . 

Ha yron 10 • KpoMe Toro, caMo MarHHTHoe none coneHoH-
AaJibHOii nHH3hl no HanpanneHHIO Bb16paHO TaK, 'ITO OTKno-

• ,' . ' 0 

HJleT npoTOHHhlH ny'IOK Ha yron 20, o6ecne'IHBaJI HOpManb-

15 
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Puc. 6. O6111aJ1 cxeMapacnoAoJ1CeHUJ1 noeopo11mo-¢01<ycupy10-
111ezo mpaKma BbteeoeHHblX npom0H0B u wupoKOYZOAbHOU co
AeHOU0aAbHOU AUH3bl 6 Kopnyce CUHXP0lJUKAompoHa J1.HII 
OHJIH. IIo ocu A -A oaemcJ1 eepmuKaAbHblii pa3pe3 AUH3bl 
U npoijeoypHOZO noMe111eHUJ1; IIJI - nu- Me30HHaJI AUH3a; 
OM-1, ·CJI- 37, CII-1O-2 - omKA0HJ110111ue MazHumbl Ha ebi
eeoeHHOM npomoHH0M ny'lKe; MJIII - MaZHUmHble. l(eaopy
noAbHble AUH3bl /oy6Aembl/ Ha BbieeoeHHOM npomoHH0M ny'l
Ke. 
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Hoe rra:i:teHHe rryqKa Ha ABYXMeTpOByro 6eT0HHYIO CTeuy 3Aa
HH.H CHHXPOUHKnOTpoua. ,D;m.1 raweHH.H IIpOTOHHOro rry11Ka 

rrocne rrpoxo)K.lleHH.H Me3oiiuoii MHWeHH coopy,KeHa 3amHTa 

H3 :>Kene3a H 6eTOHHbIX 6noKOB o6meii TOnmHHOii 7 ,5 M. 

Xene3Ha.H 3a~HTa TonmHHOii 1,5 M KpeIIHTC.H Ha KPOHWTeii-
HaX, 3aKpemreHHbIX B ABYXMeTpOBOH 6eTOHHOii CTeHe, 
H. 06ecrre11HBaeT ocna6neHHe rroToKa 6blcTpbix HeiiTPOHOB. 
lieTOHHble 6nOKH, BblnO:>KeHHble B rrpoeMe BOPOT, yMeHLWaIOT. 
BMeCTe C 6eTOHHbIMH CTeHaMH 3AaHH.H CHHXPOUHKnOTpoua 
Hapy:>KHLiii HeiiTpOHHLiii clioH AO AOIIYCTHMoro ypoBH.H. Ha 
nepBOM 3Ta:>Ke 3AaHH.H .CHHXPOUHKnOTpoHa BIInOTHyro K nHH3e 
coopy:>KeHo npoueAypHoe rroMemeHue o6meii rrnomaALIO 10 M~ 

JloKanLHa.H 6eToHHa.H 3amuTa, pa3MemeHHa.H HaBepxy rrpo
ueAypHoro rroMemeHH.H rrpeAoxpaH.HeT ero OT pacce.HHHoro 
clioHa IIPOTOHHoro' rryqKa. Me30HHa.H MHWeHL AHaMeTpOM 
10 CM pacrronaraeTC.H Ha BepTHKanLHOii OCH nHH3bI B Y3KOM 
3a3ope Me:>KAY rrepBoii H BTopoii KaTymKaMH. IlornomeHHe 
HeiiTpoHHoro clioHa, B03HHKaromero B MumeHH, 06ecrre11u
BaeTc.H MaCCHBHbIMH 3neMeHTaMH caMoii nHH3bI. IlpoTeKaIO
~a.H B MeAHbIX Tpy6Kax . BO BpeM.H pa60TbI nHH3bI BOAa 
C03AaeT HaB6onee BblrOAHYIO An.H ocna6neHH.H IIOT0Ka HeiiT
J)OHOB MeAHO-B_OAHYIO KOMII03HUHIO. 

" Xapa1<mepucmu1<u noAy'leH11020 nu- Me30HHozo ny'lKa 

B HaCTO.Hmee BpeM.H BLIBeAeHHbIH IIY'IOK H3 CHHXPOUHK
noTpOHa JIJIII OHJIH HMeeT HHTeHCHBHOCTL Ha BXOAe Maruu
Ta OM-1_ oKono 1,5.10

12 npomo11oe/ce1<. IIocneAoBaTenLHblii 
Bb16op 0IITHManLHbIX 3Ha'leHHii TOKOB BO BCex 3neMeHTax 
noBopoTHo-cli.0Kycupy10~ero TpaKTa rrpu Hanu11uu B HeM 
BaKyyMa II03BOn.HeT A0BeCTH AO Me30HHOH MHWeHH IIOTOK 
rrpoT0H0B :10 12 ceK-1.OcHOBHble IIOTepH B03HHKaIOT BMar
HHTe OM -1. H rrepBoii nHH3e 'MJI -3. BcneACTBHe 6onLwux 
pa3MepOB rryqKa Ha BLIXOAe _H3 ycKOpHTen.H. B ycnOBH.HX 
BaKyyMa B TpaKTe HHTeHCHBHOCTL rrpoT0H0B B Kouue 
TpaKTa yBenH11HBaeTc.H Ha 1O-15<fo, a rrorrepe11Hoe ce11eHHe 
npoT0HHOro IIyqKa Ha MHWeHH IIpHo6peTaeT pe3KO 011ep11eH
HYIO cliopMy C pa3MepaMH 6 CM B ropH30HTanLHOiirrnocKo
CTH H 3 CM B BepTHKanLH0M HarrpaBneHHH. ,D;n.H reHepaUHH 
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nu-~e30HOB 6LinH ucnom,3oBaHLI MHWeHH H3 amoMHHHJI, 
Me.n;H · H BOnL«lipaMa ,n;HaMeTpOM 10 CM H BLICOTOH 5 CM. 

Ilpu nony'leHHH nu-nmoc .Me3oHoa HanpaaneHHe Mar11HTHoro 
non.II B IlHH3e .H3MeHJIIlOCL 11a o6paTHOe, a TOK B ,MarHHTe 
CII-1.O-2, no,n;6Hpanc.H TaKHM o6pa~OM, 'IT06LI BHOBL o6ec
ne'IHTL nona,n;aHHe npoTOHHoro nyqKa Ha neHTP MHWeHH. 
lfaMepe1rne rny6HHHLIX H pa,n;HanLHLIX A03HLIX pacnpe.n;ene
HHB ocyJ.UeCTBilJIIlOCL C nOMOJ.ULIO Kanu6poaaHHoro ,ll;03HMeT
pa 'VA_:_ J ~ 18 c ,n;HaMeTpOM wapoaoii KaMepLI 18 MM, 
HanonHeHHOH B03,D;YXOM H HMeIOIUeii B03AYX03KBBBaneHTHLie 
CTeHKH. A6conIOTHaJI TO'IHOCTL B3MepeHHJl A03LI OKOno 60/o. 
McriLITaHHJI 3TOro A03HMeTpa Ha npoTOHHOM nyqKe noKa3anH, 
'ITO_ ero xapaKTepucTHKa nHHeiiHa annoTL .n;o M0J.UHOCTH 
,ll;03LI 200 pao/MUH. 

rny6HHHLie ,n;o3HLie pacnpe.n;eneHHH nH-nmoc H nH-MHHyc 
Me30HOB, nonyqeHHLie B nneKCHrnaCOBOM «tiaHTOMe .n;n.si: 
pa3IlH'IHLIX MHWeHeii, noKa3aHLI Ha puc. 7. Han6onLWaJI A03a 
B nHKe 1ip3rra KaK ,n;nH nH-nnIOc, TaK. H .n;mi: nH-MHHYC 
Me30HOB nonyqaeTC.11 npH HcnonL30BaHHH Me,D;HOB MHWeHH. 
IlonorHH cna.n; 3a nHKOM lipJrra o6ycnoaneH 3neKTpoHaMH 
H HeiiTpoHaMB. BKna.n; MIO-Me30HOB B ,no3HOe pacnpe.n;eneHHe 
Ha H3MepeHHLIX KPBBLIX 'leTKO He npocMaTpuaaeTcH. CyM
MapHoe ,n;o3Hoe pacnpe.n;eneHue pa3,n;eneHHLix ny'IKOB nu
nn10c B nH-MBHYC Me30HOB no caoeii «tiopMe O'leHL 6nBJKO 
K rny6BHHOMY AOJHOMY pacnpe.n;eneHBIO Hepa3.n;eneHHOro 
ny'IKa Me30HOB, noKaJaHHOMY Ha TOM >Ke pBCYHKe. 3To 
yKaJLIBaeT Ha xopowy10 cTeneHL paJ,n;eneHBJI ny'IKOB nu
Me30HOB no JHaKy 3ap.si:.n;a. OTHOCHTenLHLIH BKna.n; 3neKTpo11-
HOB _KOMnoHeHTLiny'IKa HeCKOilLKO yMeHLWaeTCJl npu nepex9-
..zte OT Me,D;HOB MBWeHB_ K anIOMBHBeaoii B cornaCBH C npe.n;
nonO)KeHHeM ~ BTOPB'IHOM BOJHBKHOBCHBB 3IlCKTPOHOl3 B ca
MOB MBWeHn_ a pe3yn1,TaTe nponeccoa KoMnToHoBcKoro 
pacceHHBJI BLICOK03HepreTB'ICCKBX $OTOHOB H o6pa3oBaHHJI 
nap. Pa.n;aanLHLie pacnpe.n;eneHHH nornoIUeHHoii A03LI na
MHHyc MC30HOB OT anIOMHHHCBOB. MHWCHH Ha pa3HLIX rny-
6BHaX __ nneKcurnacoaoro «tiaHTOMa noKa3aHLI ua puc. 8. 
Ha puc. 9 ,n;aHLJpa.n;uanLHLie pacnpe.n;eneHH.H a nuKe 1ip3rra 
,n;nH nH-MHHYC MC30HOB OT MC,ll;HOH MHWCHH. Pacnpe.n;eneHHJI 
HMelOT tayccoay $opMy co cpe.n;HeKBa.n;paTH'IHLIM .- pa.n;uy
COM R = 5 CM. ~n.si: onpe.n;eneHBJI TO'IHOCTH HJMepeHHJI 
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Puc. 7. I'Ay6unm,,e oo3oeble pacnpeoeAe11w1 pa3_oeAem~b1x 
u CMelUaHHblX ny'IK08 nu- nAIOC u nu- MUHYC Me3QH08 OAJI 
pa3AU'IHb1X MU1Ue11eii. 

,ll;03LI B MaKCHMyMe KpHBOH :Sp3rra B oneHKB TaKBX 3$<lieK
TOB, KaK KOilOHKOBaJI peKOM6HHaUHJI BOHOB B B03AYWHOB 
KaMepe H ee HeTKaHe3KBHBaneHTHOCTH, rny6HHHLie pacnpe~ 
.n;eneHHJI 6LinH H3MepeHLI TaK:JKe nonynpoBO,ll;HHKOBLIM KpeM
HHeBLIM A03HMCTPOM, B <KOTOPOM' coxpamieTCJl CTpora.11 
nHHeiiHaJI 3aBHCHMOCTL Me)KJJ;y 3Hepraeii ·'laCTHULI n_ BCJIH
'IHHOH CHrHana 'He3aBHCHMO OT HOHH3HPYIDJ.Ueii cnoco6HOCTH 
qacTHULI, H -B03AYXOHanonHeHHOH KaMepo:ii C TKaHe3KBHBa
neHTHLIMH CTeHKaMH. Pe3yJILTaTLI 3THX B3MepeHBii, B306pa-
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Puc •. 8. Pac)ua/11,Hble pacnpec)eAeHUJI nu- MUHYC Me30HHOZO 
ny'-IKO Ha pa3HblX Z/IY6!,IHOX MeKCUZAacoeozo fP(JHIIOMa, 
coo111ee111c111ey10111ux exoc)y ny'-IKa, MaKCUMYMY Kpueoii J;p3z
za u o6Aacmu noAozozo cnac)a aa nuKOM J;p3zza c)AJI aA10Mu
HUeeoii MUIUeHu. 

)Kemi:1a1e Ha puc. 10, o6Hapy)KHBaJOT xopowee c<rnna.neHee 

rny6BHHLIX pacnpe,neneHBii a npe.nenax 5~ e yKa31a1Ba10T 

TeM caMldM Ha OTHOCBTenLHO Manoe BnB.SIHBe npoueccoB 

KOilOHKOBOH peKOM6BHaUBB OT CBnLHOBOHB3BPYIOUUIX 11aCTBU, 
BO3HBKalO[UBX npB 3aXBaTe nB-MBHYC Me3OHOB .11.npaMB KB

cnopo.na B a3oTa, a TaK)Ke Ha ManyJO npeMeci. HeiiTpOHOB, 

npoca'IHBalOIUBXc.11 · 11epe 3 anepTypy nBH31d. Ilp.11M1a1e H3 -
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CaHmu Mempb1 

Puc. 9. Pac)uaAbHble pacnpec)eAeHUJI nu- MUHYC Me30HHozo 
ny'-IKO 6 MOKCUMyMe Kpueoii J;p3zza c)AJI pa3AU'-IHblX MU
IUeHeii. 

MepeHH.11 .IJ.O31d HeiiTpOHOB B ny11Ke nu-Me3OHOB, BldilOJIHeH

Hlde HH.D.HeBLIMH .IJ.O3HMeTpaMH, OKpy)KeHHldMH no~H3THJie

HOBOH ccl>epoii, onpe.nenHnH .IJ.030BldH BKna.n 1_1eiiTpQHOB ~a 
YPOBHe He BldWe 10~ OT nonHoii .IJ.O31d ny11Ka' ne-Me3OHOB 
B IlHKe Bp3rra. IlpH 3TOM Ha.no HMeTL B BH.D.Y, 'ITO _3aMeT

Ha.ll ,qacTL .3Toro ,no3oaoro .BKna.na MO)KeT 61a1TL o6ycnoa

neHa HeiiTpoHaMH, BO3HHKalO[UHMH npH 3aXB~Te -nH-Me3o

HOB aTOMHldMH .11.npaMH. TaK, HanpHMep, npH 3aXBaTe nu-
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3 HeiiTpoHOB, H 3TO 'IHCJIO yBeJIH'IHBaeTCJI C poCTOM aToM

Horo HOMepa a,D;pa 1251 . 
' ~IlJI O~eHICH OCHOBHLIX napaMeTpOB IlY'II<a IlH·Me30HOB, 

TaI<HX ICaIC IlOJIHaJI HHTeHCHBHOCTL, IlJIOTHOCTL IlOTOI<a H 

IlJIOTHOCTL· OCTaHOBOI<, rny6HHHOe ));03Hoe pacnpe,D;eJieHHe 3a 

nHI<OM Jip3rra JIHHeiiHo 3I<cTpanonupoeanocL B o6nacTL 
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◄ Puc. 1 o. CpaeHeHUe z.;iy6UHHblX 00306b1X KPU6blX, noAy'leH
HblX C noMOl/lb10 pa3AU'IHblX oemeKmopoe: a/ 6030YXOHa
noAHeHHaJl c,fiepu'lecKaJl KaMepa ouaMempoM 18 MM u noAy
npoeooHuKoebiii KpeMHueebiii oo3uMemp ouaMempoM 25 MM u 
lflOAI/IUHOii 3 MM. 6/ 6030YXOHanoAHeHHaJl c,fiepu'leCKaJl Ka
Mepa ouaMempoM 18 MM u eo3oyxoHanoAHeHHaJ1 KaMepa c 
1!1KaHe3KeueaAeH1!1HblMU cmeHKaMU ouaMempoM 60 MM. 
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MellbWHX 3naqeHHH T0ilIUHHbl nneKCHrnacoBoro qJaHTOMa, 
H 0TCeKaeMa.ff npH 3T0M BepXH.ffJI qaCTb 6p3rrOBCKOH KpH- . 
BOH uenHK0M npHilHChlBanacb qHCT0MY nyqKy nH-Me30H0B. 

HaKnon TaKoii 3KCTpanonHpoBaHHoii KpnBoii BapbHp_oBanc.H 
B neKoTophlx ne6onbWHX npe,D;enax, qTo6bl o6ecneqHTb nan
nyqwee cornacne HHTerpana no,IJ; KPHBOH lip3rra .I\Il.ff qncTo
ro nyqKa nn-MeioHOB co 3naqe11neM (T 77 + T. aaeaA ) .I\Il.ff 

· Irn-Menyc H (T
77 

+ T · + Te ) B cnyqae nn-nruoc Me_30HOB. B 
3THX Bblpa)KeHH.RX TTTµ - KHHeTnqecKa.R 3HeprH.ff nn-Me30Ha, 
T 3B. - cpe,IJ;HH.11 KHHeTHqecKaJI 3Heprll.ff npo,D;yKTOB .H,D;epHhIX 

pacmenneHHH npH 3a~BaTe nH-MHHYC Me30HOB. /IIo H3-
MepeHHJIM <l>aynepa 12 T3a. = 30 M3B/. T µ - I<nHeTaqecKas 
3HeprHJI µ-Me3ona OT pacna,IJ;a rr:..µ +v /T11 =4,13 M3B/ 
H Te = 1 M3B - 3HeprH.H OT 3neKTP0HOB pacna,IJ;a µ ➔e+v+ v. 
Benaqnna ,IJ;03bl "D" Ha BXO,IJ;e TaKoii "oqHII\eHHOH" KPHBoii 
lip3rra npoCTO CBH3aHa C nnoTHOCTblO IlOTOKa"J,, cooT
noweHHeM 

dE 
D= J-, 

dx 
r,IJ;e dE/ dx - HOHH3aUHOHHLie noTepH nu-Me30HOB Ha uxo,IJ;e 
KpHuoii lip3rra. I-13 3Toro cooTHowenHH onpe,IJ;em1eTcH nnoT
H0CTb noTOKa B MaKCHMyMe pa,D;nanbHOro pacnpe,D;eneHHH, 
a 3Ha.11 napaMeTpbl pa,D;aanb11oro pacnpe,IJ;eneHHH, M0)KH0 
nonyqaTb nonHblii noToK nn- Me 30HOB no cl>opMyne Irr= rr R 2 • J, 
r,IJ;e R - cpe,IJ;HeKBa,D;paTHqHhlii pa,IJ;ayc pa,D;HanbHoro pacnpe
,IJ;eneHBH. IInoTHOCTb OCTaHOBOK onpe,D;enHeTCH H3 COOTHO
weHHJl n=0,94J/ ~R, r,IJ;e ~R=-2,36aR - nonywHpHHa Kpn
noii npo6era ne-Me3oHoB, a a R - ,IJ;Bcnepcen npo6era. 
IIony<1eHnble TaKHM o6pa30M napaMeTphl nyqKoB nu- nruoc 
H nn-Mnnyc ·Me3onou co6paHhl B r.ra6A. 2. Toq11ocTb npeue
,IJ;eHHhIX B 111a6.11. 2 nenaqe11 oue11naaeTCH B 15-20~. 

HeKOTOpble napaMeTpbl nyqKa OTPHUaTeilbHblX nn-Me3o
H0B 6blnH onpe,D;eneHbl TaK)Ke ne3aBHCHMblM cnoco6oM c no
MOl!lbIO qJOT03MYilbCHOHHOH MeTO,I\HI<H H npHBe,IJ;eHbl B r.ra6A. 3. 
IlnoTHOCTb noT0I<a H IlilOTHOCTb OCTaHOBOK na-Me30HOB 
cornacy10Tc.11 B npe)tenax · own6oK c HX 3uaqe11HHMB B 
ma6.11. 2. Pa;:tnanb11oe pacnpe,D;enetrne n.n-Me30HOB TaK)Ke 
6nH3I<O. K noKaJaHHOMY na puc. 8 H 9. Ilo Ilil0THOC_TB µ- ➔ 
➔ e-+v+;:; pacna,IJ;OB 6hlna onpe,D;eneua npHMecb ~uo-MeJOHOB 
u nyqKe, KOTOpa.H COCTaBBna 12~. KpoMe Toro, 6blnH C,IJ;e -
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Ta6nnua 2 
TTapaMeTpbI IlH0HHoro Hy'1Ka, nonytJeHHbie 

H0HH38UH0HH0H MeT0AHK0H 

Mmneah 

TToTOK np0T0H0B (p/ceK) 

CpeAHsrn 3HeprHSI nnoHoa (M3B) 

nncnepCHSI npo6era IlH0H0B a ~O(cM) 

3¢~eKTHBHaSI nnomaAh nytJKa 
IlH0H0B ( C~) 

TToToK ( rr /ceK) 
77-

7 (0,9±.0,3)•10 

MaKCHM8nbH8SI nnoTH0CTb 
Il0TOKa ( rr /c~ceK) (1,05±.0,15)•105 

MaKCHManhHaSI nnoTH0CTb 
ocTaH0B0K B H 20 

5 ( rr /cM3ceK) (0,54±.0,08) •10 

iloaa Ha BX0Ae KpHB0H 
Ep3rra (paAIMHH) 1,4±.~0, 1 

iloGa a IlHKe (paAl<MHH) 3,0±.0,2 

Cu 
12 ( 1, 1±.0,1) .10 

28,5±.1,0 

=0,8±.0,1 

82+20 
- 77+ 7 

(3,6±.0,9)•10 

( 4,2±.0,6) 0105 

(2,3±.0,4) •105 

2,8+ 0,2 

4,9±.0,4 

na~bl oueHKH npnMeceii 3IleKTP0HOB H nH-nruoc Me30HOB, 
TaK)Ke npHBe,IJ;eHHble B 111a6.11. 3. 

3KcnepHMeHTailbHble napaMeTpbl nH-MeJOHHblX nyqxou 
B cnyqae anIOMHHHeBOH MHWeHH, ,I\Il.ff KOTopoii norn0II\eHHe 
na;zi;aIOlllHX npoTOHOB H o6pa3yIOII\HXC.ff na-MeJOHOB Mano 
H nerxo oneHHBaeTc.H, cornacyroTc.H B npe,IJ;enax 20'fo c nx 
pacqeTHbIMH 3HaqeHH.HMH. CeqeHne o6paJoBaHH.H MeJoHoB 
6panocb npn 3T0M HJ_ pa60Tbl 123( npH 3HeprHH np0TOH0B 
730 M3B H npe,IJ;nonaranocb, qTo <>Ho He H3MeH.HeTc.H npn 
TOPMO)KeHHH _ npoTOHOB B aruoMHHHeBOH MHWeHH OT. 670 
.I\O 610 M3B. ~ns .. Me,IJ;Hoii MHWeHH cornacne ropa3,IJ;O 
xy>Ke, Tax xax B 3TOM cnyqae. Henb3.H npeHe6peqb HJMe
HeHHeM ceqeHH.ff o6pa30BaHH.ff Me30HOB npn TOPMO)KeHHH 
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Ta6mma 3 

TiapaMeTpbl IIHOHHOI'O IIY'lKa, rrony'leHHbie !pOT08MynbCHOHHhIM 

MeTOJlOM 

MmueHb· 

TioTOK IIpOTOHOB (p/ceK) 

CpeJlHsrn aHeprHsr IIHOHOB { MaB J • 

llHcrrepcHsr rrpo6eroa IIHOHOB 

a H2 0 (cM) 

3cpcpeKTllBHasr IlllOIUBJlb rry•IKa 

IIHOHOB ( C~) 

TioTOK ( 1T-: /ceK) 

M·aKCllManhHaSI rrnOTHOCTb 

IIOTOKa (11-/c~ceK) 

MaKCHMallbHasr rrnOTHOCTb 

OCT8HOB_OK B H20 (77- /cM3ceK)' 

TipHMecb µ- -Me3OHOB no 

OTHOllleHmo K 17- -Me3oHaM 

+ 
TipHM0Cb 1T -Me3OHOB 

B IIY'lKe 17- -Me3OHOB 

TioToK e - s ny'lKe 11- .;..Meaoa6a 

·Cu 

(1,l:!:.0,1)•10
12 

29,0:!:.0,5 

0,9:!:.0,1 

. 89±_4 

(1 ,0±.0,2) • 10 7 

5 ( 1, 10±_0,23) 010 

(0,50±_0,09) 0105 

12% 

2% 

(3 ➔ lO)•l04e-/cM2ceK 

npoTOHOB B Me,nHoii MBWCHB OT 670 .no 500 M3B. H3Me

peHHJI C pa3Hb1MH TOJIIUHHaMH MC,JJ;HblX MBWeHeii noKa3aJIH, 

'ITO POCT BblXO,JJ;a nH-MC3OHOB H3 MC,JJ;HOH MBWCHB pe3KO 

3aMe,JJ;JIJICTCJI ·nocne YBCJIH'ICHBJI TOJIIUBHbl no ny'IKY npoTo

HOB CBbIWe 5 CM; ~JI.a: MHWeHH . H3 BOJibliipaMa npoueccbl 

nornmueHBJI npoTOHOB H MC3OHOB B CB.MOH MHWCHH CTaHo

BJITCJI ,JJ;OMHHHpyIOIUHMH B npBBO,JJ;JIT K HCKOTopoMy YMCHb· 

WCHHIO. BblXO.JJ;a nu·Me3OHOB ·no cpaBHCHHIO C MC,JJ;HOH MB;. 

WCHbIO,. XOTJI B CJiyqae: CHJibHO C)KaToro .no BCPTBKaJIB 

npOTOHHoro ny,'IKa,. na,naroutero · Ha MBWCHb, MO)KHO 6blJIO 

26 

6bl O)KH,JJ;aTb YBCJIH'ICHHJI BblXO,JJ;a nH·Me3OHOB npu nepexo,ne 

OT MC,JJ;HOH MHWCHH K BOJibliipaMOBOH. 

Ilony'leHHble a Jia6opaTOPHH JI,nepHbIX npo6JieM OHJIH 
C noMOIUblO npe,nJIO)KCHHoro MeTo,na WHPOKoyroJibHOH 4>oKy

CHPOBKB HHTCHCBBHOCTH H IIJIOTHOCTH OCTaHOBOK IIH·Me3OH· 

HhlX ny'IKOB 3Ha'IHTeJibHO /Ha· o,nHH • ,nBa nopJI,nKa/ npeBblwa

IOT aHaJIOrB'IHble napaMeTpbl cyuteCTBYIOutHX IIY'IKOB KaK Ha 

CHHXPOUHKJioTpoHe JIJIII, Taic u Ha ,npyrux ycKopuTeJIJIX. B 

CCCP a 3a py6e)KOM. 3To OTKpLiaaeT HOBLie BO3MO)KHOCTH 

,JJ;JIJI npoae,neHBJI Me,JJ;BK0-6HOJIOrH11eCKBX H 4iH3H'-leCKHX uc

CJie,noBaHBH. Ilpa O)KH,JJ;aeMoii: B IIHKe Bp3rra ,JJ;JIJI nll·MHHyC 

Me3.OHOB OTHOCBTCJibHOH 6HOJIOrH'ICCKOH 34>1iieKTHBHOCTH :2~3 / 

MO(UHOCTb ,JJ;O3bl B IIOJIY'ICHHOM IIY'IKe COCTaBHT OKOJIO 

360 63p/11ac. 3i-oro y)Ke ,nocTaTO'IHO .IJ;JIJI npoae,neHHJI 

UCJIOI_'O pJI,na pa,nuo6HOJIOrH'leCKHX u HCKOTOpLIX KJIHHH'ICCKHX 

HCCJie,noaaHHii:, OTHOCJIIUHXCJI K ny11eaoii: TepaIIHH OHKOJIO•· 

rH'leCKBX 60JibHLIX. KpoMe Toro, IIOJIY'ICHH~e IIY-l!KH OTpH-

' uaTeJibHblX H IIOJIO)KHTCJILHLIX IIH-MC3OHOB npe,ncTaBJIJIIOT 

HCCOMHCHHblii: HHTepec ,JJ;JIJI IIPOBe,neHHJI 4>H3H'ICCKHX uc

CJie,noaaHHH - . TaKBX KaK IIOBCKB pe.JJ;KBX cxeM pacna.noa, 

MC3OXBMHJI B ,np., r.ne Ba)KHLI BblCOKa.a: BHTCHCHBHOCTL 

H 6oJILWaJI IIJIOTHOCTL OCTaHOBOK IIH·Me3OHOB. 

,, 
llepcneKmuea ucnoAb306QHUJi Me111oc)a UlUpOKOYZO.llbHOU 

¢oKycupoeKU HO CU.llbH01110'1110M fP(J301llpOHe JI.Hil OH.HH 

MeTO,JJ; wupoxoyrOJibHOH 4ioxycupoBKB IIB·MC3OHOB, ocy
IUCCTBJICHHLIH a HaCTOJiuteii pa6oTe, npe,nnonan1.eTCJI uc-

-nOJIL3OBaTL H B ,naJILHeii:weM nocne 3aBepweHHJI peKOHCTpyx

UBH ~¥.f,f POUHKJIOTpoHa UJIJIII OHJIH B cunLHOTO'IHLiii 4ia30-

TPOH • paCC'IHTaHHLIB Ha yaeJIH'ICHHe BHYTPCHHero TOKa 

npoTOHOB ,no 50 MKA · BMecTo CYIUCCTBYIDutHX 2,3 MKA 

H Ha yaeJIH'ICHHe HHTCHCHBHOCTH BblBC,JJ;CHHOro IIY'IKa npu-
MepHO a 100 pa3. . 

Ha puc. 11 IIOKa3aHbl pa3JIH'IHble IIY'IKH qacTBU /BKJI10'1aJ1 

TepaneBTH'ICCKHe/, KOTOpble 6y,nyT C03,JJ;aHbl nocne peKoH

CTPYKUHB YCKOPHTCJIJI. 
0

3Ha'IHTCJILHO pacwit:pJITCJI IIJIOIUa,JJ;H 

noMeuteHuii:, BLI,nenJieMLIX ·. ,nnJI Me,nuxo-6uonoru11ecmx uc-
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BapuaHm C.ZE'Mt:1 nyw<o6 t,emaHo61<u .t:/J • 
u n11aH 3KCnPpuMeHmant>Hto:: .,G/10/J 

Puc. 11. IlAaH pa3800KU ny'lKOe nocAe peKOHCl!IPYKlJUU 
CUHXPOlJUKAOl!lpo11a 8 CUAbHOl!IO'lHblU fPa30l!IPOH /yc111a11oe
Ka "'1>"/. Y'lac1w1< A- E e nAa11e u eep111u1<aAbHOM pa3pe3e 
coo111ee111c111eye111 cxeMe noAy'leHuR KAUHU'lec1<020 ny'lKa nu
MUHyc _Me30H08 U. pa3MeU/eHU10 COAeHOUOQAbHOU M<iZHUTTlHOU 
AUH3bl. 

cneAoBaHuii. Konn11ecTBo nponeAYPHLix noMeLQeHHii AnH npo

TOHHoii TepanHH yBenH'IHTCJI BABOe. CxeMa nony11eHHJI 1<nn

HH'lec1<oro nH-MHHyc ·Me30HHoro ny111<a no1<a3aHa ua puc. 11 
/y11acT01< Ali/ B ABYX npoe1<nuxx. BLIBeAeHHLIH ny1101< npo

TOHOB onyc1<aeTCJI C IlOMOI.QblO IlOBOpOTHLIX MarHHTOB Ha 

ypoBeHb nepBoro 3Ta)Ka H no )KeCT1<oclio1<ycupyro1.QeMy Mar

HHTHOMY KaHany, pacnono)KeHHOMY e 6eToHHOM TYHHene~ 

TpaHcnopTHpyeTCJI K UIHpo1<oyronbHOH Me30HHOH IlHH3e co-
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neHOHAailbHOro THna C HeOAHOPOAHLIM aKCHanbHO-CHMMeT-

pH'IHLIM noneM H TeneCHLIM yrJIOM 3aXBaTa OKOJIO 

0,5 cmepao. B BLI6paHHOM BapHaHTe MarHHTHaJI JIHH3a 

clioKyCHpyeT Me30HLI BepTHKaJibHO BBepx .Ha .. ypoBeHb IlOJia 

BTOporo 3Ta)Ka. EcJIH YAaCTC.H AOBeCTH AO Me30HHOH MH

UieHH npoTOHHLIH nyqoK HHTeHCHBHOCTblO- 20 MKA, TO B 

clio1<yce TaKOH Me30HHOH. JIHH3bl /B MeCTe pacnoJIO:>KeHH.H 

011ara nopa)KeHHH/ MO:>KHO O:>KHAaTb n~TOK oTpunaTeJibHLIX 

nu-~e30HOB HHTeHCHBHOCTblO AO 10 ceK - 1• IlpH AHa

_MeTpe clioxyca 10. CM 3TO o6ecne'IHT CKOpOCTb HaKOilJieHHJI 

A03LI B HeCKOilbKO COT pa 0. B MHHYTY, 'ITO .HBJI.HeTC.H 

AOCTaTO'IHLIM AJI.H npoBeAeHH.H KJIHHH'leCKHX o6Jiy'leHHH 3Ha

'IHTeJibHLIX KOHTHHreHTOB OHKOJIOrH'leCKHX 60JibHLIX. 

Ilpu IlOKa3aHHOH Ha puc. ' 11 IlJiaHHPOBKe ny'IKOB . OT 

CHilbHOTO'IHOro clia30TpoHa C03AaeTC.H B03MO:>KHOCTb OAHO.

BpeMeHHOH pa60TLI Ha ycxopHTeJie KaK ciiH3HKaM-3KCnepu

MeHTaTopaM, Tax u MeAHKaM. Taxa.H B03MO:>KHOCTb B03HH:

xaeT TOrAa, KOrAa Ha Ha'laJihHOM y11aCTKe BLIXOAa npoToH

HOro_ nyqxa IlOMeLQaeTCJI AOCTaTO'IHO TOHKaJI MHUieHb, BTO

PH'IHLie 11aciunLI H3 KoTopoii: ucnoJih3YIOTC.H B cliu3u11ecxux 

3KCn_epHMeHTax,. a npoUieAUIHH 11epe3 _ MHWeHb npoTOHHbIH 

IIY'IOK . MO)KeT HCilOilb30Ba TbC.H B MeAHK0-6HOJIOrH11eCKHX 

uccneAOBaHHHX JIH6o B npoTOHHOM, .riu6o ·B nu-Me30HHOM 

BapuaHTe. • 

_B xa11ecTBe 60.Jiee AaJiexoii: nepcneKTHBLI wupoxoyroJIL

HYIO COJieHOHAaJibHYIO JIHH3Y C. "TennLIMH" KaTymKaMH B03-

6y)KAeHHJI npeAnonaraeTc.H :faMeHHTb ABYM.H coJieu:ouAanL

HLIMH IlHH3aMH co caep:x:npoBOAJILQHMH o6MOTKaMH, pa3Me -

LQeHHLIMH no aepTHKaJIH TaKHM o6pa30M, 11TO cpoKyc nepBOH 

IlHH3LI JIBJI.HeTC.H HCT011HHKOM Me30HOB AilJI BTopoii: JIHH3LI. 

Ecnu B 3TOM cpoxyce pa3MeCTHTb IlOAXOAJILQHH TOPM03HTeJib, 

TO IlOJIBJIJleTCJI B03MO)KHOCTL pa3AeJieHHJI Il_O MaccaM 11ac

THU, COCTaBJIJIIOLQHX nyqoK, H IlOJiy11eHHJI. TeM caMLill,f 11HCTO

ro ny11Ka _ nK-~e30HOB, CB060AHOro OT npHMeceii: MIO-Me3o

HOB u· '3ne1frp0Hoa. IloTepu nu-Me30HOB npu TaKoM pa3Ae

neHHH u3-3~ MHOrOKpa-i;Horo KYJIOHOBc'irnro pacceJIHHJI 6YAYT 

He O'lellb :eenHKH BCJie~CTBHe 60.JiblIIOI'O cpa3o~or<> o6'beMa 

naAaIOLQero_ Ha npoMe:>KyT011HLIH TOPM03HTeJih nyqxa. 

TaKaJI O'IHCTKa Il03BOJIHT eLQe 6oJiee yaeJIH11HTb Tepa

neBTH11eCKHe· npeHMyLQeCTBa nH-MHHYC Me30HHOro ny11Ka npu 
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HCll0ilb30BaHHH ero B nyqeeoii TepanHH 0HK0il0rHlleCKHX 
6onbHblX. 

B 3aKnro11eHHe aBT0pbl Bblpa:>KaIOT 6naroAapHOCTb npo
it,eccopy A.H.PyAepMaHy H M.H.BaiiH6epry 3a Ilil0A0TB0p
Hble o6cy:>KAeHH.H npoeKTHoro 3aAaHH.H, IO.A.EaTycoey 
3a npoBeAeHHe H3MepeHHH napaMeTp0B Me30HH0ro ny11Ka 
it,oT03MYilbCHOHHblM MeT0A0M, B.11.1iaM6neecKOMY 3a oueH
Ky HeiiTpOHHOrO it,oHa B ny11Ke nH-MHHYC Me30H0B, K0nneK
THBaM C0TPYAHHK0B JUIII OH.HH H l.(3M OH.HH, eo3rnaen.&e
Mb1X K.A.Eaii11epoM, A.H.CMHPHOBblM H M.A. Jla6epMaHoM, 
K0HCTPYKTopaM KE JIJ.111 E.E.KopueeBy H B.A. YTKHHY 
3a npoeKTHpoBaHHe, H3r0T0BileHHe, M0HTa:>K H uanaAKY 
B C:>KaTble cpoKH Bcero K0MnneKca Cil0:>KH0ro o60PYAOBaHH.H, 
Heo6XOAHMoro Ail.H C03AaHH.H nH·Me30HH0ro ny11Ka BblCOKOH 
HHTeHCHBH0CTH. 
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