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I.BseaeuHe 

B uawnx npen&rnywnx pa6oTax 
1 

l-
3

/ 6&rnH onHCBHbi sxcnepHMeRTbi no TpoAHoMy pac-

141 
CeSIHHlO npOTOHOB , B binOflHeHHbie C HCIIOflb30B8HHeM nonepeqHQ OOnS1pH30B8HHOI'O ny'IK8 

Pea ynbTB T bi :3TKX on&IToa, a TBK.>Ke onwTos no Ka MepeuuJO nucfJCPepeuunanbHbix ceqeuuA pp 

p8CCeSIHHS1 /S/ 1 nonS1pH38UHH /a/ H KOppellRUHH nonepe'IHbiX KOMIIOHeHT II011RpH38UHA 
11•81 

HCIIOllb-

30B8flHC b pauee KBK nng: npRMoro soccTauosneunR MaTpHUbi pp -paccestHHR M 13•8,9,/ , TBK 

n nnst nposeneunst cpaaoaoro auannaa / l0- 131• B o6onx cny'IBRx, onuaKo , nocTasneHH&Ie aa.na

'IH He 6binH peWeHbl .LlO KOHU8 1 T8K K8K IIO HMeBWHMCR T OI'.08 Ll8HHbiM Henb3R 6&In0 IIOnHOCTblO 

onpeaenHTb 8MfimfTYLl bi M8TpHUbJ M B 06We M cnyqae ( B p860Te /S/ M8TpHU8 M 5btn8 BOCCTa 

HOBlleHa llHWb D.llR yrna 8 • 90°), a T8K)Ke Hellb3SI 6&1110 CLlel18Tb OKOH'IBTellbHbiA Bb160p Me.>K~ 

n.y ua6opaMn cpaaos&IX cnsnros, uaAneHHbiMH a pa6oTax 
1 lO-l 2/. 

KaK y Kaabtsanocb paHee 
131

, nnR o n.uoaua'tuoro s occTauos/,euns:r MBTpHUbt M LlB*e non. 

yrnOM 0 •00° ( TO eC Tb B cnyqae , K Of'Ll8 OTlli.P.IHbi OT HYllR TOllbKO TpH 8Mnl1HTY.Obl p8CCeSIHHH) 

6binH ueo5xonHM bi n an bueA w ne on&ITbi, oco6euuo onbiT no onpeneneuHJO napaMeTpa TpoA'uor o 

pacCeRHHR A, KOTOpbi R X8p8KTepuayeT none peqHylO KOMIIOHeHTY II011SlpH38UH H 1 B03HHK8101UYlv 

n pu pacc esmnn npo.nonbHO nons:~pnaosauuoro ny'IKB 
1 14 1

• C n.pyro A CTOpOHbi, yrnOBbie aaaHcu-

MOCTH napaMeTpa A, Bbi\IHClleHHbJe 11 0 p83 11HtfHbiM ua6opaM ¢aaoawx C.O.BHI'OB 

aaMeTuo OT!IHtJAnHCb .apyr OT .apyra; noaToMy axcnepnMe HTanbuoe onpe.aeneune a uaqeuna na

paMeTpa A a wHpoKOM .auanaaoue yrnoa 5bJn o KpaAue »<enaTenbHbiM . 

3 asepweun e on&ITOB, a KOTO p bi X 6btn nonyqeu npoaonbHO nonRpH30B8HHbiA" ny1.1oK ua wecTH

Me TpOBOM CHHXpOUHKflOTpOHe 06oeD.HHeHUOI'0 HHCTHTyTa stne pH biX HCCne.D,OB8HH A / 
151

1 caenano aoa

M O>KH biM npoae.aeuHe 6onee cnO)K HbiX 3KcnepHMe HTOB no Tpo AHoMy paccestHHlO n poTOHOs. B nep

By!O oqepe.o.b 6bi11 8 H3Mepeua yrJJOB851 aaoHCHM OC Tb napl!!MeTpa A . 

noCT8HOBK8 Orlbi T 8 H p eayllbT8Tbl 

r eoMeTpHst Ofib!T8 ITOK838H8 H8 pnc . 1. 3.aecb il1 - oeKTOpbl HOpMBlleA 1t rlliOCKOCT SIM 111 

- ro pac ceSJHHR 1 t 1 H k; - e.O.HHH"'Hbre ueKTU!Jbi, H aupaone!llthre aaon b HMnynbCos npoTo

uoa .ao H nocne i - oro paccesrHHR , ; 1 = [;, k; 1. Aa HMYTBllbHbiA yron ¢ BToporo pacc e s:ruest 

Ortpe.nenReTCR COOTHOWCHHRMH 

cos ¢ n 1 n ~ ; sin <h = [ ~ 
1 

;;
1 

1· k
1 

• 

nepaoe p8CC9RHH 9 npOTOHOB" n p OHCX OLlH11 0 B aepTHK81IbHOft rlliOCKOCTH 

aexT o p nonstpnaaunu paccesmuoro nytJKa ?(OJ , uanpaBneHHDIA no uopMann 
1 

I l l 

11
1 

, fi0.3TOMY 

; ~OJ , ne>Kan s 

ropHao uTanbHOA nnocKOC TH 11, • nanee nonepequo nons:~pnaoaauublA pacceRHH hrA ny 'loK nona.aan 

B sepTHK811bHOe M8I'HHTHOe none, 8 KOTOpOM OTKllOHstllCSI H8 yf'Oll 8 • npu :3 TOM BeKT Op Hop-

M811H n J 1 B.OOllb KOTOpOI"' O HBnpast!eHB nonepe'IH8st KOMn OHeH T8. ri01!RpH38UHH OTKliOHeHHOf'O 

n y ttK8 1 no-npe>KHeMy OCT8B81ICSI B IIllOCKOCTH rr, • Vfa-aa HB.liH'IHSI y npOTOH8 8HOM81IbHOrO MB.f'-

HHTHOI'O MOMeJIT8 CriHH npOTOHB npeueCCHpDBB.ll B MBI'HHTHOM none T8K , tfTO BeKTOp 

3 



non9pK38UHH ~ OTKJlOH9HHOT'O nyqxa COCT881191l C 89KTOpOM n
1 

yr on 

)( =~-~li 
..;~ 

121 

r.a.e llp -M8T'HBTHbd1 MOM9HT npoTOH8 B SI.OepHbiX M8rHeT OH8X 1 {:3 - cxOpOCTb npOTOHB B e,an -

HHUBX cxopOCTH caeTa. B peaynbTaTe Tax.oa npeueccnn s nyttxe aoaunxana npo.a.onbHBH KOMno-

HeRTa n011BpH38UHK P sinx 
1 

1 HanpaaneHH8SI npOTHB HMnynbC8 npOTOHOB, H OCTasanaC b none -

pe'CJHB.SI .kOMnOHeHT8 p cos 
1 

X • HanpaaneuaaSJ s nonh aexTopa 
~ 
n 

1 

B ycnoBHRX STHX on~oa BTopoe pacceSJuue npoacxo.a.uno s r opuao uTanbH OA nnocxocTH 

I na pac. 1 nos.aaaa cnyq:aA, Korna q, = 90° I . npa H3Mepeuuu napaMeTpa A onpe.aenHnacb 

KOMfiOH8HT8 fl0119pH38UHB p .. , aaapasneauaR s.aonb aexTopa 

nnaapyJOwee pacceRuae nponasonanocb TaK, liTO nH6o 
·• ~ n = s 
J • 

CTByeT Tp9Tb8 pacceRHRe BBepx 8 B9pTH~81lbHOA DflOCKOCTH "J 

S, . D.n H gToro TpeTb e ana-

I Ra pHC. 1 3TOMy COOTBeT-

I , nn6o 
~ ~ 

n = - .s 
J • . no 

coOTBeTCT BYJOWHM CKOpOCTHM C'ieTa T p B >K.llbl pacceHHHbl'X npoToHoB N (+) H N (-) BblliHCnH-

nacb aCHMM9TpBS1 

' ~ ,. J!E.l.--=..!!._H_ , 
N(+) + N ( - ) 

KOTOpaR ceRaaaa c napaMeTpaMH A R ("0t)';UOUJPHli€M 

' ,. 
p p :_Asin x + !!~~:i_~c1S 

1 3 1 + ~ cosx ~ 0J w!> tf;, 

/3/ 

/ 14 / 

141 

npoH3B9D.€HHQ ~ p 
3 

Onp9JJ.911H11 0 Cb B = ~l e UR 8 .'t bll JM Kr!.'il'l pOBO '-IH OM Ollb1T9 00 .OBOAHOMy 

p8CC99HHJO, B KOTOpoM nonepe'CJHO 0011SipH30 88.HHbi H ny'-IOK C C1011Hp~38UHeA p 
1 TOpM03HJlC~ .00 

a neprBH, p8 8HOA SHeprHH .OByKpBTHO p8CC9SJHH bi X npOT OHO B, 8 38T e M B YC110BHstX , H JJ.9 HTH11RbiX 

ycnOBHSlM H3MepeHHA aCHMMeTpHH £ 
3

• , pac ceHB&nCR H8 MHW eHn-aHanH38TOpe . npn 3TOM 

lf3MepsmaCb aCHMMeTpHSI 

' ~ p 
J 1 

p ' 
J 

xapax T epH3Y tOW8H 8H8nH3HpYIOWY K> COOC06H OC Tb TpeTb e ii M HW9HB. 

BTopoe paccestuHe npoacxo.aano npu ¢ = ~ 90°, noaToMy napaM e Tp A 

83 COOTHOW9RHSI 

A sin X = - .!J..!__ + R cos )( sin ¢ . ., 

/5/ 

onpen.enSJncSJ 

161 

noc&OnhKY npH 9TOM HCOOnb30B8nCA ap8KTH"'eC KH nonHOCTb~ npO.Q OJl bHO nOnstpH30B8HH.blA nyliOK 

0 )/ 15 / ( x = 89::!:2~5 , TO BTopoe cnaraeMo e a 161 n.aaano aecbMa ManylO nonpaaKy. CooT-

aeTcTayxuuae aaaqeHHsr napaMeTpa. R 6blnB B3RTbl na npe ahl.aytueA pa 6o Thl / S/ .. 

Y cTanosxa .a.nR H3Mepena R napaMeTpa A H npoue.aypa onbiTa 6blnH no.a.po6no onacaHbl 

a pa.6oTe
1161

• CxeMa pacnono>KeHHR pacc e naaTeneA n a eTeKTBPYK>IUel! aunapaTypbl noxaaaaa 

n a pac. 2. Bo.oopo.auasr MHWeHb T 
1 

npeLI.CTaBnRna co6oA C TCK n SJRHblA COCYLl nblOapa, Ha-

nonHeRRhlA >KH.aKHM oo.aoponoM. B uenTpe ma.axo aon.opo.asoA MHweax cpenaRSl 3HeprBH npo 

TOHOB p8BHSin8Cb 608 M3B, BenBliHHB OOTOK.a B DY"'Ke O.HSMeTpCM 4 CN. COC'T8Bn!otn8 2.107 

DpOTOHOB/cei. llnsr BbiD,eneHHH apouec ca ynpyr o ro p p - p8CC9R'iHSI p8CCesrHHb10 CipOTOH H 

4 

}j 

il 

npOTOH OT .a,aqM perRCTpHp 0B81l HC b COOp R A<ei- H biMH T 9Jl9CK 0 0 8 M H, BKniOtt9HHbiMH H8 C OBfl8,09 ti 

V1 aMepe HHR napaM e Tpa A npOH3BO D. H1lH C b O .O H OBpe MeHH O 0 0.0 0 60U MH COOpSI >K 9HHbiM H y r · 

naMH 8, H a; . T peTbH 8H81lH3Hp y K>WH 9 pac c e SIHH SI 8 y r n e p OLl H blX MHW9HSIX T 3 Ha6JJI 

D.81lHCb 0.!l.H 0 Bp9M9HH O fi OD. y rnBMH 8 3 = !_ 12°. llnR yM9 Hb W 9HHR cPoH8 cn yqaft:HbiX CO 

na,aeuu A npOT OHbl, He pacc e stHH bJe B MH W 9HSIX T 
1 pe rHCT p Hp • aanHCb CUHHTHJlJlRUHO HHbiMl 

Cli9TliHK8MH nJA H nJA, BK11 10 '19H H biMH H a 8 HTHC0Bfl8 .0.9 HHst C OCT 811b HbiM H CtteTliHKaMH. 

E no x- c xeMa sxn JO tteuHR C U HH T HnnRUHOHHbiX cq e T'IHKOB H Tenecxonoa npn se n eua a pa6oT e/ l.l 

npn KB)f{.O.OM yrne Ha6 m o n e HHSI napaM eTp a A 6btn0 np o n a ae .o eu o OT 5 no 10 H938BI 

CHMbiX H3M ep e HHA 8CHMMeTp UK c I peaynbTBTbl xoTOpbi X c o sna n a nn apyr c .apyroM E ,. 
npenenaX CTBTHCTHq ecKHX OW H 60K. nepe.o H8 ll8 n OM K B>Kll.Or O OT Ll8 flbHOr O H3MepeHH ~ T U18TI 

HO Onpe .oenRn C SJ •npoQJHnb' ny tt K B .O ByKpBT HO pa CC 9 SIHH bl X npOT O HO B , 'ttT 0 6bi HCKJl iOliHTb 8 03-

M O>KH OCTb flOSIBfl8HRSI nO>KHOA 8CHMM e TpHH . 8 3 a p erHCT p H p OBa HHble C KOpOCT H C '49 T 8 TpH >KD. b ' 

paCC9 SIHH bi X n p OTOHOB BHOCHflHCb no rtpaB K H , YliHTbiBB. I01UH9: 

a / Q:loH, H86niOll8 9M biA B OT CY TC TBH e Tpe Tbn X p8 CC9HBa T e n e fi H B bi3 B 8 HH biH flOttT H non

HOCTb iO p8C C9Q HH.8 M npOTOH 0 6 6 CUHHTH1111SITOpa x C't9T ~HKO B fl33 H n3 3 ~ 

6 1 3q4l e xT, ua6moaa e M biH e OT CyT c Tsn e m u .a x o r o so u o pon a s co c y nei 

s / aQJcP e xT cn )"'f aAH bi X c o sna .o eu u H. 

no.a BC9MH yrnaMH Ha 6 m 0.09 HHSI CKOpOCTH C'-l e : a 6bt11R npe u e 6pe >K H MO M8 Jl bl B OTC y TCTBHe 

BToporo H TpeTbero paccensaT e neAI a TBK:>Ke s T OM c nyqae, x o r.a.a npn HanH'IHH sTopo ro 1 

TpeTbero paccen.aaT e n e A yron 8
1 

+ e; H e OT B9ll 811 KHR9M8THK 9 ynpyrHX p P -coy nap e -

HHA. 

B Ta6nRue 1- npHson.srrcsr naAneHHble anaqentur acnMMeT pH R r 
3

• H (! C HX CT8TK < 

TH"<~ecxnMH O l.ll H6KaMH H Bblli:HCneHH.ble no cPopM·yne 16 1 aHal:feHHR napaMeTpa A. 

3Hali 9 HHR 8CHMM8TpH A 

o ,rpa.a .. c,. ,:t.A l ,. , .,, 

54 -1,6!0,9 

72 -6,0! 1,2 

90 -3,2! 1,0 

108 1 ,2_+ 1,4 

126 1,9! 1,4 

' 3• 

Ta6nHua I. 

' 3 

f3 ;tAlJ • 

H 

.. 
9,8!0,3 

13, 1 !0,4 

16 ,1 !0,4 

16 ,2!0,4 

9,7!0,5 

napaMeTpa A 

A + t. A 

0,48! 0,09 

0,46 !0,10 

0,20 +_ 0,06 

-o,08=0,09 

-0,20!0,14 

3, •BoccTano aneHu e MaTpHubl PP -pacceSJHHH 

KoKe.'IHOA aa.oatt eA n o nao ro onbiTa no p p -pacceRHHJO RMSieTCSI onpeaenenHe MaTpHU 

paccesHKR M. B ~30BOM all8mt3e a T a aa.oaqa CBOLl.HTCR K OTbiCKSHHKJ Hl16opa ¢>aaOBbiX 

CD.BKT'OB, nonHOCTbJO O RH CblBai9~HX· BC KJ COBOJCYR,HOC Tb 3KCR~pHM e HTaiJbHbJ.x· D. aHHblX . nanb-

5 



llpOT OH OTD.B~H perHCTpH p 0B8 11HC b C0 ll pst >KB I 1 H bJMH T eneCK0ll8M H 1 8KJiiQ I.{ 8 HHbtM H H S. COBllB.D.eHHSl, 

V1a M e p e H HH n apa Me-rpa A llpO H3B O.Q H11HC b O IJ.H0 Bp8M8HHO ri O.O. O f50HM H C Ollp SI >KSHH btM H y r -

118MH 8
2 

H a; . T peTbH 8H8.11H3Hpy toUlH 8 p8 CC8SIHHSI B y r n e p O.UHbJX M H W S HHX T 
3 

H 8611 10-

/J.811H C b 0.£J. H 0 Bp8 M8 H H 0 !lOll y r118M H llnSI yMe HbW8HH H cpoHa cnyt~aA: H bJ'X c o e-

n a,aS HH I\ ll p OT OHbl, H8 p aCC 8SIHHbi8 B M H W8 H HX • p e rHC T pH p e B a llH C b C UJIHTH11 11SIUHO HH bl M H 

C I.{ 8T I.{HK8MH llJA R n J A , BK11 10 "t8HHblM H HB 8 HT H C OBll8 .0 8 H H Sl C O C T 8 1Ib H blM H C l.l8T I.lHK8MH . 

E no K - cX8M8 BK JJIOlJS HH st CU HHT H111lSIU H O HH bi X Ct.{8T 'IHKOB H T811 8 CK OllOB npH B 8.U8HS B p 8 60T e/
161 

n p H KB>KD.OM y rne Ha6mo.o.e HH SI napaMeTp a A 6 b i 110 n pou a e e.ae H O O T 5 JJ.O 10 H 8 3 8 BH -

C HM biX H3M8p 8 HHA B C HMMeT p H H c 
3

• 1 p e aynb T8T hi KOT O phi X C 0Bll8 LJ. 8 11H LJ. pyr C .a py r OM B 

npe.aenaX C TSTH C TH'I SC KH X OW H 60K. nep en H8l.f8110 M K 8>K.QOr~o OT .0.8 11b HOrO H3M8p 8HiHI TLUBT enb 

H O 0IIp 8ll811H JJCH "'np0c}J H11b "' llY '-IK8 a syKp B T H O paCC8 HHH bJ X llpOTO H O B , ~T 06 bi H C KJJ lOl.f HTb 8 03 -

MO >K HOCT b llOSI B11 8 HRSI JJ O>K HOI\ 8CHMM8TpHH. 8 38p8rH CT p HpOB8HHbl8 CKOpOCT H C1.f 8 T 8 T pH>KLJ. b l 

p8C C9 SIHHbiX rrp OTOH08 8 HOCH liRC b rrorrp a BKH, Y 1.f HTbJ88 IOlUH8 : 

a / cf:>oH, Ha6mo na eM biA 8 OTC Y T C T Biie Tp e TbnX p accenaaT e neft n B b i 3 B B HHbrfi no t.tT H n o .n

H OC T biO p a c ceSIH US M Dp OT OH08 8 C UH HTH liJJSITOpax Ctt8T "lHKOB Jl33 ll n 3 3; 

6 1 acpcp e zo:: T, H a 6moaa e MwA a o T c yTcT a u e >K u.o. x.oro aonopoa a s c o c y.ae; 

a / s ctxP e K T C11)1'18RH biX COBll8 .0. 8 HHfi. 

n o.a BC8M H y rn8M H H8611 10.09 HHSI C K OpOCTH Clle : a 6 biliH npe a e6pe JK H MO M8libi B OTC)'TC T B H e 

B To p o r o H T peTb e r o paccenaaT e n en, a T 8 K)i( e a TOM c n yttae, K Or .a a npu HanH "lHH BTop o r o H 

TpeT~ero p acc eu8 aTen eA y r o n 

HH A . 

s, + s; H e O T B e tt an KH H e M a TRK e y npyru x P p -co y a ape-

B Ta6nnue 1- npuao.a srr c sr u aA.neHHble 3H a lf e HnH a c n M M e T pH A t
3

• ll 

' ' 
Tn"feCKHM H O t.li H6K a MH H Bbi'IHC neHHbl e n o ¢op M ·y n e 16 1 a Hatt e HHst napaMeTpa A. 

3H81.f 8 HHSI 8 C HM M GTptd\ 

&, rpa n . (J• .:,A£ 3• • .,. 

54 -4 ,6:!:0,9 

72 - 6 ,0! 1.2 

90 -3,2 ! 1.0 

108 1,2_+ 1 ,4 

126 1 ,9!1 ,4 

( 
3• 

Ta 6 n11u a I. 

( 
3 

(3 ±. A ( 3 

H 

.. 
9,8 :!: 0,3 

13 ,1 :o ,4 

16 ,1!0 ,4 

16 ,2 !0,4 

9 ,7:!:0 ,5 

A 

A + !J. A 

0,48! 0 ,09 

0,46 !0 ,10 

0, 20 +_ 0 ,06 

-o,o8.! o ,o9 

.-0,20!0,1 4 

3 , • B o c c TaHo a neH u e ·M aTpHubi PP -pa c ceHHH H 

C H X CT8THc-

KoHe.ctHo A aa na'leA n o nHe r o o nbtT a n o p p -pacceSIHH IO stansreTCR o npeae n e HH e M aTpHU bt 

p a c ce saHHR M . B cj:>a. a o soM a ~:~anuae 3 T a a a .a a tta CBOD.H TCH K O T biC K.BHH IO Ha6op a cjla aoebix 

CLJ.BXro s, fl OliHOC Tb iO O flH CbiBB. J9~K X· B CIO C O&OJcyflifOC Tb 9 KC.ll~pK MeaTa itbHbiX. Jl. 8HH biX . LJ.an&-

5 
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HeA:wee K3y"'9HHe SHepreTHlieCKO A 38.BHCHMOCTR cpa30BbiX CJlBHrO:B, H8DpHM9p C DOMOWb!O 

/17/ 
ll HCDepCHOHHbiX COOTHOW9 HRA D03:B0115leT, no-BH.O.RMOMy, ODHC8Tb see Jl8HHb19 0 p p 

ea aHMOJJ.9ACT8 HH D0Cp8ll.CTBOM M HHH M 811bHOro 'IRC118 4>e HOMeHOllOrH'IeCKHX napaMeT pOB. 0JJ.R8.XO 

c pOCTOM 3HeprHU: D8. .08101UHX npoTOHOB DpOB9.09HHe cpaaosoro 8H811H38 CT8nJtHB89TCSI CO see 

6onbWHMH TpynnocTHMn. Bblwe nopora o6paaosa aasr -M930HO B cjl830Bble C.O.BHrH C T BHO-

sHTCR xoMnnexCHbiMH. BoaaaxaJOwee scn e.ocT BHe aToro y.osoe au e ~:~Rena onpe.nenaeMbiX nap8-

MeTpos , a T8K >Ke y&e11HlfeHH9 C pOCTOM a H e p rRH 'IHC/18 napUH811b HbiX B O liH , a cP¢eltTRBHO y'IBCT

By iOlllH X B p8CC 9H HHB, OpHBOJlSIT K TOMy, 'ITO cjl830B b1A 888118 3 CT8HOBHTCSI Tpy.OH O OCylUeCTBH

MbJM. noaTOM Y npa 5 onblllHX aHeprH R X 6onee nerx.o peanH a yeT C R MeTo.n npa Mor o socc T a 

Hosneaua MaTpHubJ paccestHHSII lB , lSI B aTOM MeTo.ae . aMnnaT y.nbl M8T pH Ubl onpe.aensuoTcst . .a. n SI 

H9JtOT0pbiX Bb15p8HHbiX 3H8 '19HH A yrna p8CC9 SI HHR DO pe3y11bT8T 8M p 8 3 11B'tRbJX H938BHCHMbiX 

OD btTOB , Bbi D 011H9 HHbiX IIpH .0.8HHOA S HeprHH . 3TOT M9T0Jl npBM9HBM apR nJ06biX 9Hep r H SIX 1 no

CXOl!bltY 8 H9M He H C D01Ib3Y9TCSI COOT HOW9RH9 yH HT 8pHOCTH, O.OHS KO D O S T O A n p H'IHR9 C 6lll8R 

cpaaa MaTpHUbl M ocT a e T C R a e onpeneneaaoA/
20 1 no Tex nop, n o x a ae p a c cM aTpBaaeTcst, 

HanpHM e p, naTepcJ>epeaun sr wa epao r o n xynoaoacxoro paccesrunA. 

VI MeBwHeca paaee a x c nepi!Me HTan b Hble n a a able n p a a aep rH H ,....660 M&B nooao nRitH npo-

a ecTH nonaoe B0CCT4HOBn9 HHe M8T)tRUbl M TOObXO 0 0.0 y rn OM 8 = 90° /S/, O.OH8KO 

H a aToM cny q a q o onyq e u noe pew e une 6bl n o 4-aaa~:~H biM . 

B aacTo srmee ape MH , nocn e a ase,. w e a HH aaM e peaaA yrno a o A aaencBMOCTH napaw e Tpa A, 

'IHCOO a Jt c nepHM9HT 8 11bHbiX .08HHbiX OX 8 3 blaaeT CH .OOCTSTO'IRblM .a nSI DpSIMOrO BOCCT8H OBn9HH SI 

MO.Oyneil H OTHOCHT 9 nbH biX c;paa 8 M D 11HTY Jl M•TJtHU bl p8CC9 8 HHSI a 06118CTH 54°:! 0 ~ 9()
0 

• 

O .a Ka.K O Ha- aa ae iiRHeil a ocT B Bblpa >Ke u aA , c B SI3biB8Klll.lHX naMepae Mble eenH~HHbl c aMnn XT y.aa

MH p8CC9 SIHH SI, COOTB9TCTBYI01UH9 p eweHBSI 89 RB1U1lOT CSI 9.0B HCT&9HHbiM JI • .LJ.n g nony'leHHSI O.O H0-

3 H B.qHbiX peweH B A H906XO.QHMbl HO Bble H938BH CHMbl9 9X.CnepB M9HT8nhHbl9 .0 8HH bl9 . 

A. Y ron pa c c eRRBll 0 = 90° 

no.o y r n o M 00 ° npH 9H e p r HH - 880 Ma s B H8CTORLU9 9 BpeMSI 113M e penbl: .n n ct>cPepeHUH8 Jlb

H09 ce~.J e na e pacceH HHSI u enonspnao a a nHoro n y'lx a u 
15 1

, xoa¢Kl>auaeHTbl x.o ppenauna c.;1 1 

a c.. 181 , napaMeTpbl D 111 , R 131 
H A /nacTO Rll.l8R pa6oTa / C 9THMR L18 HHbiMH 

H 8Ht5o nee OpOCTO MO>KHO C B SI38T b sneMeHTbl M 8T p B Ubl M, 3 8DIIC8 HliOA B CHH r n e T-Tp B nlleTHOM 

/ 21 / 
npe.nCTaanennR 

u (90°) = y, I M I'+ y. I M 0 1
1 

+ ~I .II 1

1 

0 I I • • 

u (9C1' J c •• (9CPJ = I "• , 1' + y, I .v,. l' - ~ 1": / . 

a (9U'J c " p(90° J = •. 1'- y. I r,. l'+ 11 I• f _ __! __ 
I •• E + 4 JK2 

u (90° )D(90")• -1 •.,11 •,. 1 coa </>
01

,
10 

a(fOO}R(9U') ·I • II • I """ "' . [ % E + 218C~ )~ 
•• •• •"·•• E + 4ac 2 ' 

6 

17a / 

/76 / 

!7BI 

!7rl 

17n.l 

' " 

a(90°J A(90 ° )- - I M
1
JIM .J cos ¢, 0 , .. [ ---'!!E-'-- t 

E + 4 me 2 
/ 7e/ 

3 .nec b m - M acc a npoToua , c -cxo pocTh cseT a, E -xun eT&'Iec~aR aueprHH naa.aiD-

w ero npoToua s na6opaTopuoA c acTeMe. B cpopMynax 17a,.n ,el y-qTeHbl pensrrasacTc&ee no-

/ 22 / 
npaBKH 

ct>opMyn&I 17 I o6paayiDT .anH nHTH a e aasecTHbiX napaM e Tpoa I Tpex Mo.n yneA MaTpe'tHbiX 

aneMeHTOB H .nayx oTaocaTenbHbiX cpaal nepeonpe.nenenayJO cacTeMy, .nonycJtaK>myto, o.anax.o, 

.o syxaaa'luoe peweuHe. Haany"'wRe aua"teHHH napaMeTpoe o npe.oensrnacb MeTo.o oM aaaMeHb

wHx KBanp aTo s. M aaHMYM ¢lYHKUHOHana 

x' = (u9KC~.L + ( C • .aKCILcnn6j>lq, )
7
+ .. • + ( A 3KCO, -A Bblq, )

2 

/ 8/ 

(ll.a) 1 (ll.Cnn J' ( ll. A) 
2 

/ 23 / 
H8XOJlH11CSI MeTO.llOM nBH98pH38UHB J neCb O'SKCD:-9JtCD9pRM9HT811 b H09 3H8'19HR 9 .OHQ:l¢e-

p9HUH811bHOrO ce'leHHSJ, c. -aaa 'ie aHe, Bbi'IIII[HCnSieMoe no cpo pMyne 11al , (llo)
2 

- .ancnepcHA 
Bbl"t. 

3KCDepHM9HT811bHOrO 3H8'19HHR H T • .O. 

PeaynbT8T bl BbitJ Kc n eHHA .aaJOT .ana (} ""' 90° cne.nytowHe aua'leHHA Mo.nyneA MaTpHttHbiX 

-1 3 
3119M9HTOB I a } Q CM /: 

I MOl I = 0,48 !. 0,04 

I ~. I = o,39 ~ o,os / 9/ 

IM I = 0,21 • 0 , 12 .. -
H OTHOCHT9robHbiX cpaa 3THX 3119M 9 HT OB: 

<~> .,.,. = +(171f't_34'), 
</> = _ (6" ± 60 ° ) - pewesne a 

Ol , •• 

</> = - ( 176° + 34°)' </> =+(60•6(1') peweuae 6 
or, zo - ot, •• -

Owu6KB napaMeTpos Bbi'IHcnsrnHcb cornacao auatteHHIO ypo a nH ¥2 = )(2 
m i n 

+ 1 /24 /. 

/10/ 

Vfa-aa nenHneAuocTH ypaeaeunA 11 1 aTn owu6xa nnwb opneuTHpOBO'IHO yx.a3btBaiOT o6naCTb 

eoaMo>KHbiX auatteuuA napaMeTpos. 

Ha pH C. 3 OOK838Hbl H8 K OM D119KCHOA D110CKOCT H .OB8 B03MO>KHbJX pa CDOllO>KeHHSI BC11H 

'IHH M
0
(}r M

10
/.fi' H M •• / 2 , onpe.oensreMbre MHHHMYMOM ¥

2 
.nnH cacTeMbl 11 I. 

0Kpy>KHOCTb pana:yca ..[(? COOTBeTCTByeT M8KCHM811bHbiM B03MO>KHblM 3 H8'19HHSIM MO.LJ.yneA 

a Tux senH"tHH, a6como THaR c:Paaa aneMeHTa M
01 

npHHstTa paanoA 180° . lleyaua'IHOCTb p ewenust 

o6ycnosneua T eM , 'ITO B Q:>opMyllbl 11 I BXO.O SIT T011bKO KOCHH yCbl OT HOCHT91n:J HbiX cpaa. Kax 

BHllHO, npa aHeprHJA" 660 Mas o6a peweHHsr npaxTntteCKH coena.naJOT npyr c .npyroM, 

O.OH8Jt0 8 o6weM cnyttae .O llA O.O. H0 3H 8tJHOrO BOCCT8HOB119HHSI M8TpHUbi M / 00° I neo6xoaHM bi 

.naiibueAwae ueaaeucHMbte onbiTbi, uanpHMep aaMep e aHe crmu o a oA: K o ppemruHH, xorna Hcn0 11b

aylOTCSJ nonepe'IHO H npo.0011bHO 0011SipB308BHHble nyGKH npOTOHOB. 

E .. BocCT 8!iOB119HHe MST pHUbl pacceSIHHSI n p H () r 00° 

npH Q< (}<90° B o6meM cnyqae OTllR'IHbi OT aynSI see ORTb XOM0119KCHbiX 8Mfl11H'l'Y.ll 

M8TpHUbl p p -pacceSIHHSI M . C TO 'I HOCTblO .00 o6weA cpaabl H HeOnpe.oe neHHOCT H , B03HHKB-

K> WeA H3- 38 H911 BH9A HCCTH COOTB9TCT BYIOWHX Bblpaa<eHRA , 3TH 8MDnHTy.Llbl MO>KHO onpe.ne-
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:IIHTb n o 3K.C09pHM9RT81IbHblM .08HH&IM .aeBSITH H938BHCHMblX OObiTOB. 

npa aHeprHH - 660 Mae .anSI yrnoa 54 ° II 72° lc.u. M. I B H8CTORlUee BpeMSI H3MepeHbt: 

.a•4xt>e peauaa1Jhsoe ce"'eaae pacce SIHHSI u ((J} 
151

, nonSipHaauHR P {O} 
181

, KosqxpauaeaT xop-

pe1UlaHH C (O) 
181

. napaMeTpb! TpoAaoro pacceaHHH D (O) H D (.-0) 
121 R (O) a 

i3t ) 
R ( 11 - 0) A (O) H A(11 -0) IH acToawaa pa6oTa l. B Ta6nHue 2 npHBeLle H&J 3HaqeHHH 

/ 125 1 
IISITH MO.ayneA H 'leTblpex OTHOCHT91IbRbiX ¢aa aMnnHTy ll M8Tp11Ubi M 1 380RC8HHOA: B BB.ae · 

M =~ i( a+b)+(<~ - b)u "+e(u +u ) + 
ln l n ln 1n 

/ 11/ 

+ ( C + d) 0 liC 0 lK + ( C - d) ~ p u
1

p t . 

3TH aaa1.1eaesr HaAaea&l no yJtaaaaHblM 9KCIBpHM9HTanbHhlM .naHHbiM MeTo.aoM HaHMeHbWH.X 

caa.apaToa . B Ta5naue 2 npHaen.eabi Tax>Ke aaaqeaa s cooTaeTcTsyrown:x napaM eTpos non. 

rrnoM 90° 1 Bbi"'Hcneaable no aaa'leBBSIM / 9 / H / 10 /. 

B Ta6naue 2 .anst yrnoa 54° a 72° npaaen.eabl TOIIbKO owa 6xn Mo.nyn eA aMnnHTy.a, ahi

tacneHable corn acao aaaqeaaJO ypoaaSI x 1 = x 1 + 1 • OT aocaTenbHhie Q:>aahl aMnmiTy.a apa 
min 

8 = 54° R 72 ° CHnbHO CltOppe1IHpOB8Hhl CO 388lJ9HHSJMH Mon,yneA• aMnnHTy.al OOSTOMy 00 

IM910UlBMCSI SltC rEJEM 9 HT81IbHhiM .08HHbiM 8911h3SI onpe.nenu·r b HX OWH6 X.H . LJ.nst YTOlJH9HHSI pe

liSHHSI aeo6XO.O.HMbl .aan.bHeAwe:e OJibiTbl, B lJ8CT HOCTH l!3M9 p eHHe I'C.09 ct>c:P HUH8 HT8 KOppenSIQH H 

CKP 

VJa .08HHbiX Ta6nHUhl 2 BHD. HO, "'TO JJ. llSI yrnoa 54° ~ (j < 00° OTnH"'Hhl OT Hy nsz. Be e DHTb 

9.MDnHTYD. a b c d e • O cno enoA axnan. B . c c qeH a c p-p -pacce srHH R 

' p8CCMBTpBB89M OM HHTepaane y r noB BHOCHT CnHH- op6HT8ll bH 8 H 8MJinHT Y .08 e (O) 1 npH"19M 

.anst yrn a 90° Bltna.n sToro qneaa oco6eaao aeiiBK /nopst!lKa 90%, xaK 9To yme OTMe"' anoCb 

pa6oTax1 1 ~ 8 ~ 91 I . 3 Haqeuus M o.a yneB n oTaocHT e1fbHhiX ~a aMnnaTy.a MaTpHU.bl M / 00° I , 

18A.0.9HBbl9 B pa60T9 /S/ a T 8K>Ke 3H8lJ9 HHSl K.B8D.p8TOB Mo.ayneA 8M DnBTY D. 1 Bbi'IHCneHH b19 8 pa

)OT9/S/, cornac y K>TCR a npeaenax owa6ox c n. aaHbiMH Ta6na:u bl 2. 

I a 6 n R u a 2. 

-13 
$H8 'i9HHSI Mo.ayneA / a 10 eM/ H OTHOCHT e11bHbiX cpaa B.MDnHTy.a M8TpHUbl p p p8CC9 SJ HHSJ DpH 

660 Mas 

0 I 540 I 72° I 900 

I 
p eweHHe a 

I 
peweHue 6 

0,25 0,07 0,07 

0, 10!(> ,05 

0,28!0 ,06 I O,ll:!:(l,06 I 0, 11! 0,06 

0 . 10~ .07 

0,30!<J ,07 I 0 ,07:!:() ,05 

I 
O,Q7!(1,0 5 

0,58,!0.04 0 ,62:!:(),04 0 ,62!(),04 

b I -40 -30 

79° 940 I 85°!30° I 95+30° .. I -
-560 - 860 

- 90° -490 I _72o!4bo 

I - 108° !4o" 

8 

4. CpasaeHe:e 9Kcnepe:Me9Ta/I:,HblX n.aHHbiX c peay1IhTaTaMa <Paaoaoro ananKaa 

p ., - pacceHHHR 

Ha pac . 4 noKaaa Hhl yrnosble aaBRCHMOCTH napMeTpoa TpoAHoro pacce HHHH D R 

a: A npn aueprua:- 630 Mss. TaM >Ke noKaaaabl yrnoabre aaa nca:MOCTH 9TRX napaMeT-

poe1 Bbl"lHcneaabl.e no peayllbTBTaM paaltHqHblX sapHaHToa cPaaoaor o aRanuaa. 

B nepable Q:>aaoBbiA aHanHa ynpyroro PP -pacc e srnHSI npa sHeprus- 660 M sa 6bln 

Bblnonaea Xowa:aaxH a M a"'H.Ila
1101

. Oaa a:c aollbaoBanH nony'leHHhie a ..Qy6He n.aanbfe no 

.n a Q:xPepe anHan& HbiM ceqeaa SIM , nonsrpuaanHH a .aeno nstpaaausa. MHHMble qacTH cPaaoB hiX cn.aa

r OB OU9HHB81IRCb BMH 88 OCHO&e pe30H8HCHOA: MOLtenH o6pa30B8HH SI 

coy.aapeuaHx
1261

• Y rnosble aaBHCHMOCTH napaMeTpoB D R H A 

- Meao Hoa a NN 

• paCC'fHT8HHbie no 

clJ830BbiM C.QBIH"8M, Hait LJ.e RH&.tM 8 STOR pa60Te, fi01t83 8Hb! H8 pHC. 4 nyHJtTHpHOA K.pHBOA. 

3y1IbKapaeea B CeliH a
11 11 

a c aoeA pa5oT e ncnonbaoaa:m no no nHHTellbHO caeneHHSI o 

t:.oacpcpnuaeaTax .Koppensruan c •• H CKP , n apaMeTpe R a nonaoM ce lJe HHH " 

OaH npe.anonara1IH, 'ITO Meaoaoo6pa aoaanae npoacxo.aHT TOllbKO a 
3 

p 
lot 

n 1 D -coCTOSIHHSI X 

pp - cucTeMbl. Yrnoable aaBHCHMOCTH napaMeTpos D R H A , paccttHTaHHble no cPaao-

BbiM C.OBRr8M HX H8B6o1Ie9 B9pOS1THOI"O ( )( 
1

/ ;;:; 1,48} pe w e HHS1 1 Ha pHC. 4 OOK838.Hbl 

WTpRXO BOR EpHBoA.. 

A>Krn:peeM a .ap.' 
121 

6hm Bbtnonaea cpaaoBhiA aaanna PP - pac ceSIHHR s6n H3H 660 Msa 

a npeanon o>KeHHH 1 ttTO npa &Toft saeprua aenb3B npeae6peraTb Meaoaoo6paaoaaHueM a 3 F -

' ·' COCTO SIH HSJX, KOT0pb19 1COr118CHO p930HB.HCROA M0.0.9nH o6pa30 B8HHSI -MS30HOB ~ MOryT. .aa-

8 8Th 81:118.0. 8 Re ynpyrHe UpOUSCCbi . npu 9TOM BC9 MHRMbl9 "' B.CTH cPa 30BbiX C.llBHrOB XapaK

TepB30B81IHCb Tp8Mst R93B.BHCHMblMH na.paMeTpB.MB , K8X. H B pa60Te / lO / • B 8881183 6blnH BKmo 

"18Hbl sx.cnepaMeHTaiihHble .o.aRHble o napaMeTpe A / 90° I H .aaHHble o nonHbiX ce~eHHHX neyn-

pyrax npoueccoa. Bhlno naA.aeno pew e a•e, a aaqeTeJlhao 6onee aepoSITHoe 

'19M peweHHSI a pa.6oTa.x
110 •11 1 • Yrnoa ble aaaecHMOCTH n ap aMeTpoa D 

()(' / X'= 1.11 J. 

R H A , pac-

C'IHTSHHble no cpaaoBbiM c.aaaraM sToro peweHHH, Ha pHc. 4 no x.aaaHbi cnnowaoA: x.puaoA. 

He.aaaHO BbiCTpBUKHA H 3ynhxap aees
1131 

npoaenu cpaaoabiA aHanaa p p - pacce HRHSI 

np~ 660 Me a , sapbHPYSI paaaonbao MHHMhle 'IBCTH acex cpaaoabiX caaHroa 3 P 1D n "F 

COCTO SIHHA. Y'JMH 6b1JIO nony'leHO 't9Tblpe peweHH SI , 113 XOTOpbiX .088 H8H6o n ee llOCTOBepHbiX 

R81ISIJOT CSI 8H81IOI"8MK peweHHA H3 p860T/Jl, l 2 ~ 

I a 6 n H u a 3 . 

Bxna.llbl a cyMMhl x 1 paanH'IHblX aapHaHToa cpaaoaoro a.aan:a:aa, oTae'laJOwne 9KcnepaMea

TanbHblM 3H8"18HHHM napaMeTpOB TpOA'HOrO p8CC9HHBR 

pa6oTa 110 1 111 1 / 12/ 

D 9 ,7 9,5 6 ,1 

R 28 ,4 11 ,6 2 ,2 

A 8 2 ,2 33.9 4, 8 ' 
I 

Bcero 65.8 55,0 13,1 l 

9 



B T a6nKue 3 npuseaeHbJ sxna.a bl B cyMMbl )( 2 paanHl.IH biX pewe aHA, OT Be1.1 8 10utHe aKc-

nepHMeHTSnbHOA HH cPopM BUHH O'!' HOCHT enbHO napa Me TpOB TpOfi HOf' O pacceSI HHSI . Vi a 3 TOA Ta 6 -

nH Ubl H pHC. 4 BH.OHO , "'TO CO BC e MH 3 KCDe pHMe HT80bH biMH 3H81.1 e HHSIM H napaMeT pOB Tp OAHOf'O 

pacceSI HHR y.aoane TBOpBTenbHO CO I"'08CY9 T CSI TODbKO H860p cpa aO BbiX CD.BH r OB, nony lf e HHbiA 

A >K rupeeM n .ap . 112 / x: / Y'To 1.1H e au e aT oro aa6 opa no c pe.acT eo M BKD I0 1.1 e HHst a aa an ua a aal.fe 

HHA nap aMe Tp8 A .O n R yr nOB 54° , 72° , 108° , 126° 6y.aeT OIT BC8HO B OT n enbHOA CT8Tb9. 

T eM He M e aee n nR 6on ee T Olf Hor o cp aa oaoro a a anaaa p p - pacceSIH HR a o6nacTH 660 Mas 

a eo6 x on HM bl aanba e Aw He H3M e peHHSI n a paMeTpos TpoH ao r o p accestHH SI D R H A. 

KpoMe Toro , aeo6x o n HM bl T AK* e HOBbie a KcnepHMe HT BnbHbie n aHHbie o aey npyrHx npoueccax 

a aTo A o 6nacTn aa ep r~ A H 6onee no cneaosaTenbHoe BKD IO l.fe HH e aTux .a aa a~x s cpaao BbJA aaa-

ne a. 

A sTOpbl Bblp8>K 810T 6 nar o.a. a. pHOCTb n.c . A m rnpeiO H C .H. C oxo noay 38 no ne3HbJe n ne -

KyCCI! H. 
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- BTopoA pacceKaaT enb lcocya C 
a<n n KHM eo .nopo .aoM / , T 

3 
--rpeTbH pacceuaaTenH / Ono KH ua rpacPHTa ceqeneeM 

70 X 60 MM
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H TOnLUHHOA 50 MM I ; nll, n12, nl3, n 21, n22, n 2S, n31, n32, 
n33, fl3A H n11-n~A- CUHHTHJillRTOpbJ Cll9TqHK. O B , paaMepOM I BbiCOTB. HB WHpHHy l 
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50x50, 100x80 MM2 H T On tunnoa 6 MM, npn H3MepeHHH napaMeTpa A /126 I ac-

001lb30BB.JICH Tp eTH H paCC9HB8:T91lb cetteHH9M 7Qx6() MM2 H TOJllUHHOI 20 M M. 
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Yrno sbre aasucHMOCTH napaMeTpos TpoAHoro paccesrHHH D ' R H A 
IHBCTOSIWBSI pa6oTa/. noJC.838Hbl T8X>Ke KpJIBble, BbPIKCneHHble no cpaaOBbiM 

cneeraM <faanH"'HbiX eapHaHTOB cpaaoeoro ?aanuaa: nyHKTKpH&re KpHBble -
1121 pa6oTa / 1 1 , wTpHXOBbie KpHBble - pa60Ta 11 I, cnnowHbte xpHeble - pa6oTa . 


