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88eL!eHHe 

TeMa pa6oTbl 803HBKna 8 C8H3R c nocTBH08KOA 8 !Ia6opaTopRR 8b!COKKX aHeprKA 

3KCnepRMeHT8 no pacceHKH!O HB M8nbie yrnbl nHOH08 K8 npOTOH8X. 8 3 TOM OnbiTe L!nH 

perHCTpBURK 8KT08 pacceHHKH no npOTOH8M OTL!B'IK npKMeHHnBCb K8Mep8 8KnbCOH8 8 Mar-

HHTHOM ll0119 1 H8llOnHeHH8.R BO.O.OpO.UOM. 

B TO'<Ke 83BKMOL!eAcT8RH onpeL!enHnHCb HMnynbC npoToHa OTL!8'<K H ero yron c 

HBnpBBneHHeM HBn6T810Wero nHOH8 0 no KHHeM8TR'IeCKOMy KpKTepK!O KMnynbC-yron npOTOH8 

ynpyrKe cnyqaH OTL!enHnRCb OT cPOH08biX • .llnH ynpyrHx cnyqae8 H3Me peHK e KMnynbC a npr

TOHB OTL!8'<H onpeLtenHeT TBK)I(e yron ero pacceHHKH 8 c .u.M. CywecT8eHHbiM MoMeHTOM 

npH onpeL!eneHRH HMnynbCB K yrna H8nHe TCH yqeT TOpMO)I(QHKH npOTOH8 8 C p eL!e, T8K 

K8K 60nbWHHC T80 npOTOH08 OTL!8'1K, L!n!l HHTepecyiOLUerO H8C HHTep88n8 yrn08 pacce!IHKH, 

OCT8H88nH88eTCH 8 f'83e K8Mepblo <l>H3H'IeC KHe peaynbT8Tbl 3KCn epHMeHT8, 8 T 8 K>K 9 npo

rp8MM8 cqeTa 6binH L!OnO)I(SHbl HB XII Me >KayHapOL!HO A KOHcPepeHUHH 1964 r. no cPH3H J 

/1,2/ / 3/ 
8blCOKHX aHeprHA II Jly6He K npH1!16L!eHbl 8 pa6oTe • 

C'ieT no onacBKKOA HH)I(e nporpBMMe 8eL!eTC!I c ceKT!16p!l 1963 roLl a • .llo aToro 

L!nH o6p860TKH HCnOnb308Bn8Cb nporp8MM8, nOL!p06KO OnHC8HH8!1 8 p a6oT e
141

• 0L!K8KO 

BCn6L!CT8He TOf'O, 'ITO 8/
4

/ npHMeK!In8Cb MKHHMH38UHH cPYHKUHOH8n8, nOCTpOeHHOf'O H3 

OTKnOHeHKA TO'IQK OT TpeKa 8 npOCTpBHC T8e , He YL!888nocb nonyqHTb xopowy10 TO'IHOCTb 

L!n!l HCKOMbiX napaMeTp08 H OC069HHO L!n!l TpeK08 C M8nOA npOeKUHeA H8 nnOCKOCTb KBL!

p08o 3TO npOHCXOL!HnO nOTOMY, 'ITO npH MHHHMH38UHH cPYHKUHOH8n8 8 npOCTp8HCT8e K8Me

pb1 L!enanOCb npeL!nOnO)I(eHHe 0 TOM, 'ITO OWH6KH KOOpL!HH8T TpeKa , nonyqeHHblX H3 H3Me

peHHA, OL!HH8K08bl L!n!l 8CeX TO'IeK H H e CKOppenHp088Hbl L!pyr C L!pyroM. Ha C8MOM L!e

ne, OWH6KH 6blnH p83Hble H 8CneL!CT8He nOHCK8 COOT8eTCT8eHHhlX TO'IeK KOOpL!HHBT'>I L!n!l 

coceL!HHX TO'IeK OK83b18BnHCb <.:KOppenHpOBBHHblMH Me)I(L!y co6otl. TO'IHbitl yqeT a THX 

KOppen!luHl! Tpe6o8an TBKoro yaenHqeHHH naM!ITH H ycno>KHeHH!I nporpa .• Mbi, 'ITO npKwnocb 

nol!TH H8 npHHHTHe HeKOppeKTHOl! f'HnOTe3bl 0 p88Hb!X 8eCBX L!n!l 8 CeX KOOpL!HH8T H TO

qeK B cPYHKUHOHBne. 

nepeXOL! HB MHHHMH38UH10 cPYHKUHOH8n8 8 nnocKOCTH KBL!p8 CH!In 3 TH H e TO'IHOCTH, 

T8K K8K B ll110C KOCTH K8,llp8 Mbl MHHHMH3HpyeM H9fl0Cp9.ll.CTB9 HHO H3M8pH9Mbl9 B911Hq,HHbl 1 

KOTOpbl9 S1B11SIJOTCH H938BHCHMhiMH H HX OWH6KH O.QHH8KOBbiMH. 

3TO n0380nHnO B HeCKOnbKO p83 (HHOf'L!8 L!O 5-7 paa) yMeHbW)fTb OWH6KH HCK OMblX 

napaMeTp08 • 
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npHBO,llR X yBenH'I9HHJO TO'IHOCTH OnTBMH3HpyeM~X napaMeTpOB, nepeXO.ll H8 MHHBMB3&

UHIO B nnOCXOCTH K8,llpa ,llenaeT TaJOKe H&Hy>KHOA ,llnR OnTHWH38UHH napaweTpOB npoue.lly

py noacxa COOTB9TCTB9HHhlX TO'I8X H BOCCTaHOBneHHR npOCTp8HCTB9HHOA xapTBHhl co6~THB, 

Tax xaK B MHKHMH3HpyeMOM ,PyHXUHOHane HCnonh3yJOTCR npOOXUHH H9COOTB9TCTB9HHhlX To-

~eK. 

8 npHHUHne MO>KHO O'l;XaaaTbCll H OT BOCCTaHoBn9HBR npOCTp8HCTB9HKbiX XOOp.llHHaT Tpexa 

B noacxe ayneBoro npa6na>KeHHR, Tax xa!'. ~ aa¢opM8UKH o xpHBH3He n~oexuaA Tpexa aa 

nnOCXOCTRX Xa,llpOB H 3H8HBR O,llHOA COOTB8TCTB9HHOA TO'IXH (TO'IXH B3aHMO.ll8ACTBHR) 

~o>Kao aaATH aHa'leHae awnyn&ea H ero aanpaBneaae .llnR Tpexa B npoc"I:p.aHCXBe. Yicnonb

aoBaaae B OnHCbiBaeMOA nporpaMMe BOCCTaHOBneHHR npOCTpaHCTB9HHbiX KOOp.llHHaT Tpexa 

HOCHT HCTOpH'I9CXHA xapaxTep. nocKOnbXY HyneBoe npa6nH>K9HHe He BnBR9T Ha TO'IHOCTb 

KOH9'1HOrO peaynbTaTa, 6blna OCTaBneHa ,llnR H8XO>K,ll9HHR HyneBOrO npH6nH>K9HHR CTapaR 

nporpaMMa, npaB,lla, B nporpaMMY nOHCKa BHHTOBOA nHHBH BH9C9Hbl H960nbWHe H3M9He

KHR, yny'IWaJ01UH9 TO'IHOCTb HaXO>K,llQHHR napaMeTpOB BHHTOBOA nHHHH, 

" BaeceHhl TaX>Ke H3M9H9HHR B nporpaMMY B~6poca.nnoxax TO'IeK. no6aBneH Bb16poc 

,ll8119KHX TO'l9K. 

nanbHe Awee H3nO>K9HH9 MaTepaana Ha'IH&M C OnHCaHHR OT,llenbHhlX 'laCTeA nporpaM

Mbl. HexOTOpbte H3 HBX MOryT 6~Tb HCnonb30BaHbl H B Jlpyrax 3a,lla'I8X no o6pa60TK9 

3 K'CnepHMeHT8nbHbiX Jl8HHbiX• 

§ 1. Yc'i'aHoBxa a M&TOl1BKa axcnepaMeHTa 

3xcnepHM9HT DO paCC9RHHIO rr - M930Ha Ha npOTOH8X Ha Manbie yrnbl npOH3BO.llHnCB 

C DOMOWbJO X8M9pb1 tlHnbCOH8 \ 15x50x5QJ CM
3

, HanOnReHIIOA CM9Cbl0 BO,llOpO,lla, napOB CUHpTa 

H BO.llbl, npH ,llaBn9HHH 4 aTM. (,llaBn9HH9 napOB CnHpTa H BO,llhl COCT8BnR9T 40 MM pT,CT,) 

H nOM91U9HHOA B MarHHTHOM none, 

KaMepa pa6oTana B pe>KHMe, He'lyBCTBHTenbHOM x OT.llenbHbiM penRTHBHCTCKHM cne

,llaw, ao Becb ny'IOK ocTa&mm 6ne.llHYJO neHTO'Ixy TyMaaa. 

npoTOHbl OT,lla'IH C HMnynbCOM ~ 100 MaB/C 6blnH XOpOWO BH,llHbl B ny'IK9, T,K, 

HOHH38QH<I TaXHX npOTOHOB 6onee '19M B 40 paa npeBbJWana MHHHM!InbayJO, 

3a xa>K,lloe pacwapeaae qepea xaMepy npoxo.llHno oxono 10 TbiC. MeaoaoB c HMnynb

coM (3,48 .:t. 0,05) raB/c. nonepeqaoe ceqeaae ny'lxa HMeno paaMepbi 200 MM x 63 MM. 

YrnOBOA paa6poc ny'IXOBbiX 'laCTHU COCTaBngn ±_0,5° OTHOCRTenbHO OCHOBHOrO HX HanpaB

neHHR, CxeMa ycTaHOBKH npe.llcTaBneaa Ha pac. 1. CLeMxa TpexoB npOH3BO.llHnacb cTepeo

xaMepoA nYiT MO c TpeM<I 06b9KTHBaMH 'Pyccap-nnaaMaT 68'. f - 61 MM, qepea TOnc-

x) ( 
Toe xaMepaoe cTexno eM. pac. 2,3). 

x) 
nna KOMn9HCaQHH a6eppauHA 06beKTHBbl paCC'IHTbiBanHCb COBM9CTHO C K8M9pHbiM 

/9/ 
H npH>KHMHbiM CT9Kn8MH 
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~eTpOB,nepeXO~ H8 MHHHMH38-

<H3&nHH napaweTpoB npone~y

aHcTBeHHOI K8pTHHbl co6blTHll, 

"lURK H9COOTB9TCTB9HHblX TO'"" 

Tp8HCTB8HHblX K00p~HH8T Tp9K8 

KpBBH3H8 npoeKqBI Tp8K8 H8 

( TO'IKH B38BM0~9ICTBHH) 

1eKa B npocTpllllCTBe . Hcnonb-

HCTB8 KHbiX KOOpnHH8T TpeK8 

eHBe He 811HR9T H8 TOqHOCTb 

yneBOrO npH6nH>K9HHH CT8p8S1 

BH8C 8 Kbl se6onbWH8 H3M9He-

,, 
tBX TO'I8K. ,ilo6aBneH Bb16pOC 

• oTnenbHblX qacTel nporpaM

PHX 38~8'18X no o6pa60TK9 

H8 M8nbi8 yrnbl npOH3BO~HnCII 

:MeCb~ eonopo~a, napoB cnHpT8 

IOnbi COCTSBnSieT 40 MM pT.CT.) 

nenbHblM penKTHBHCTCKHM cne-

xopowo BHJlHbl B nyqKe, T.K. 

MKHBM&nbHYIO• 

ono 10 TbiC. M830HOB C HMnynb-

10 p83M8pb1 200 MM X 63 MM, 

)CHT8nbHO OCHOBHOrO HX HanpaB-

Tpe KOB npoH3BOnHn8Cb CTepeo-

ss·. • 61 MM,'18p83 TOne-

B811HCb COBM 8 CTHO C K&MepHbiM 

~~aoa J,- {J 
/1 "·A. - II -DB 

"' ~'{' 
" "' 

PHc . 1. ~xeMa 3xcnepHMB HT~ . 06oa aa~eHH H: A I·& - MBI"HHTHbt e 11HH3bl 

,,:;~,3 - rroeopo T HbiA H KaMe pHbiA MBrHHTbl , KB - KaMe pa BHn~oHa. 

P Hc . 2. OnTH'iBCKB.H cxeMa coeMKH, 

+X 

P • c . 3. PacnonO>KB H HB 06'bBKTHBOB O THOCHTBllbHO KBMBpblo 



PaeeTORHie e'beWKR oT o6'beKTHBa ao neHTpa ny'IKS 66,8 eM, MaewTa6 1:10 • .nn11 

o6pa6oTKR eo6biTRll Renonb3oBanReb eTepeonapbl KSLlpoB, nony'leHHbiX e noMO!UbiO oo'bex-

"TRBOB 0 I R 0 2 e 6430Bb1M paeeTOIIHH8M 300 MM, 

MarHHTHoe none, B xoropoM Haxoaanaeb KSMepa BHnbCOHa, R3M8pRnOCb e TO'IHOCTbiO 

I% K e TO'IHOCTblO w 1% 6bln0 oceeKMM9TpK'IHbiM, 

Tonorpa¢Hll ero HMena BHLl, npeaeTaBneHHbiA Ha pRe, 4. 

D 2. YI3MeOOHHe TpeKOB Ha MHKpocKone YYIM-21 H nonyaBTOMSTe 

f1porp8MM8 o6e'I8T8 Tp8KOB HM89T B03MO>KHOCTb Henonb30B8Tb Ll8HHbl9 MHKpOCKOn

HbiX H3M8p8HHJI H li3M8p8HRJI e noMO!UblO nony8BTOM8T8, 

f1pH H3MepeHHH Ha MHKpOeKone YYI.M-21 eTepeoKaLlpbl TlUSTenbHO BbleTaBnRIOTCR 

H8 R3M9pHTenbHOM eTOnHK8 npH6opa, .nm1 3TOrO Henonb3ylO:..eR penepKb18 KpeeTbl, HMelO-

tUHeeR aa npH>KHMKbtx eTeKnax. Kaap, nony'leKKbiA e noMO!UbiO o6'beKTKBa 0 I , K83bi-

B89MbiJI n8Bb1M 0 yeT8H8BnHB88TCR H8 MHKpOCKOllKOM eTOnHK9 enesa; K8Llp, nony'I&HKbiJI e 

nOMO!UblO 06'b8KTHB8 0 2 , K43biB8eTCR npaBbtM H yeTaHSBnHeaeTCR Ha eTonHKe enpasa. 

Kaapbl BbleTaBnRIOTeR TaK, 'IT06bl ropH30KT81lbKble wTpHxH seex 'IBTblpex Kpeeroe 

o6oHx Kaapoe 6blnH Ka OLlHOA npRMOll. illHpHKa WTpHxa penepHoro KpeeTa 20 11 • YI3-

MepeHHR eOOTB9TeTBBHKbiX T0'19K K 3811Heb H8 6n8HKH npOK3BOLlHTeR B OllpeLleneHHOM no-

p11LlK9, 

CHa'lana aenaeTCR 3811Heb HOMepa nneHKH H KOMepa Kaapa, 34TeM aenaeTeR 3 8 Mep 

KOOpLlHH8T 60nbWKX KpeeTOB K8 060HX K8Llp8X, 

3anaebiB8lOTeSI OHR H8 6n8KK9 B T8KOJI nocneLlOB8TenbKOCTH: 

x nes. 

x npas. 

y 

B T8KOM >t<e nopRaKe 3aTeM eneay10T KOOpLlHH8Tbl TO'leK H3MepReMoro TpeKa, 

!.{Reno T0'19K He MO>K9T 6b1Tb 6onbill9 eopoxa , HO B Ll9AeTBRT9nbHOCTH KX p9LlKO 

6biB89T 60nbllle LlB4LlU8TH, 

Haqano OnTK'l9eKOJI eHeT9Mbl KOOpLlKK8T, 8 KOTOpOJI e'IHT810TCR 1IpOCTpaHeTB9HKb19 

KOOpLlHH8Tbi, K8XOLlHTeR K8 nepeeeqeHHH OllTH'IBeKOA OCblO 38LlK9A rnSBKOll llnOeKOeTH 06'b-

9KTHB 8 0 I 

011TH'l9C K8R OCb npOXOLlHT 'l9p93 ll9HTp penepHOrO Kp9CT8 H8 llpH>KHMHOM eTeKne e 

TO'IH OC TblO _z lQ 11 • TaxHM o6pa30M, 3Ha'leHHR X K y = 0 H8XOLliiTCR B U9HTpe penep-

HOr O Kp9CT8 H8 npH>KHMHOM eTeKne, OTHOCR!U 9 MCR K 06'b9KTHBy 0 I , 8 Z OTC'IHTbl-

6 

B88TCR OT 38LlH8JI rnSBHOJI 

neHa BHH3, HanpasneHHR oceJ 

Ha nonyasToMaTe H3Me 

eTaBnRIOTCR H H3M9plllOTeR Ka: 

f1opRLlOK H3MepeHHJI H 

npH3H8K H8'181la 30Hbl 

N/ 30Hbl 

N/ nneHKH 

0 

N Kaapa N eneaa 

1IpR3H8K OCT8HOBKH T~ 

KpeeT 6onbWOJI 

KpeeT M81lblll 

~ 
I. 

2. 
><: .. 
:a 
Ill 
Q) 

I:: 

Q, 
1:! ., 
l<l .. 
:a 
Ill ., 
Q, 

t:: 

~ 

0 

0 

I<OOpLlHH8Tbl TO 

KpeeT 6onbWOJI 

xpeeT M&nblll 

I. 

2. 

m 

0 

0 

0 

KOOpLlRH8Tbl TO'll 

K01IH'I9eTBO TO'l9K - OT 15 LlO 

f1oene nocneaaero TpeKa 

ltOHI.la 30Hhl • 



36,8 CM, M8CWTB6 1:10, ,llnR 

o nyqeHHhiX c noMOlllbiO o6aeK-

nbCOHB, H3M8pAnOCb C TO'IHOCTblO 

• 4. 

M-21 H nonyasTOMBTe 

10flb30B8Tb Jl8HHbl9 MHKpOCKon-

)bl TlUBT8llbHO BbiCTBBflAIOTCA 

yJOTCA penepHb19 KpeCThl, H!ll910-

OlllblO o6aeKTHB8 Q l , Hll3bi-

Ke cnesa; Kanp, nony'leHHhll c 

asnasaeTCR H8 CTOnRKe cnpasa. 

UTpHXH BC 8 X '18Tblp9X KpeCTOB 

enepuoro KpecTa 20 It • Vla-

8 3 8onuTCA B onpeneneHHOM no-

Kanpa, 3aTeM nenaeTCA 3aMep 

nhHOCTH: 

neACTBHT8flbHOCTH HX peJlKO 

C'IHTBIOTCA npocTp8HCTB8HHhl8 

38JlH9A rnaBHOA nnoCKOCTH o6'b-

Kp9CT8 HB npH>KHMHOM C T9Kfl8 C 

c 0 KBXOJlATCA B U8KTp8 penep-

, e KTHBY 0 
1 

, a Z OT C qHTbl-

I 
l 

.. 
BB8TCSI OT 3BJlH8ll rnBBHOI UflOCKOCTH ·o6'b9KTHBa, UpH'19M OTpHJl8T9flbH8SI OCb Z Hanpas-

neua BHH3, uanpasneHAA ocel x H y UOKB38Hbl HB pHC, 3. 

Ha nonyBBTOMaTe H3!1l9pS110TCSI H9COOTB9TC TB9HHble TO'IKH. noaToMy KBllPhl He Bhl -

CTBBllSIIOTCA H H3M9pS110TCSI KB>K)lbll OTJl9llbHO, 

nopAJlOK H3M9p9HHI H Up06HBKH Cfl8JlYIOlUHI: 

UpH3HBK HB'IBnB 30Hbl 

N9 30Hbl 

N9 nneHKH 

0 

N Kanpa N cnena 

npH3HBK OCTBHOBKH TpeKa 

Kp8CT 6onblllOI 

Kp8CT !llBnhll 

1. 

2. 

0 

0 

KOOpJlHHBTbl T0'18K 

KpecT 6onbWOI 

KpeCT MBnhll 

1. 

2. 

m 

0 

0 

0 

KOOpllHKBThl T0'19K 

KonH'IeCTBO TO'IeK - oT 15 no 40. 

nocne nocnenaero TpeKa _B nauuol 30He npo6asaeTCSI TO>Ke TPH eynR H npH3HBK 

Jt0Hll8 30Hhl. 
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Pac. 4. Tonorpa<Past MarHHTHoro nonst. 

'5. 

PHc. 5. n _ono:>K8HH8 CTepeOitBllpOB HB B3M8pBT8UbHOM CTOTIBK8 

MBKpOCKOUB YHM- 21. 

Ha pac. noKaaasa ,cacTeMa xoopnaHBT YHM-21. 

8 

§ 3. Haxo)l{ne HHI 

nns1 nepaH'IHOA o6pa60TKJ 

8.BTOMBT8 1i nonyB.BTOMBTB, CAE 

lleK B X.pHBOA, npH 3TOM B K a q« 

P>lll npo6HTbiX Hynst. n onnporp 

T0'18K. nocne UOllC'18T 8 'IHCTIB 

URH H 38flHCb tUICen B M8WHHH < 

napaMeTpoe na<PpaxuHOHHbiX p e l 

3TOA nporpBMMe npH UOMOlllH 3 

peweTKH B03MO)I{ 8 H H y'leT yea. 

npoHaBOllHTCst n oaopoT H nepeHc 

cacTeMy). B casta a c TeM, 'ITO 

30M, B nporpBMMe npenyCMOTpE 

nono)l{eHHst penepHbiX T0'18K S 
1 

nepBOA, OHB ABe T HOBOe HB'IBTIO 

y' 

s, 

i' 
I I 

X' 

s, 

]! 

¢>opuynawa, c noMO!llbiO Ko·. 

HBT, llTill pB3HbiX cnyqaea 6y llyT: 

x' • (x-

y' = (x-



.AS /l.M 

·o nonH. 

- -- -+ 

RaMepRT9ITbHOM CTOITR~e 

lOOp.O.RHBT YHM-21. 

§ 3, HaxO}I(ABHHe nnocKol KpHsoll no ABHHbiM aeToMaTa 

Jln11 nepsR'lKOII o6pa6oTKH 'lHCnosoro MaTepHana, nocTynaJOll.lero c H3MepHTenbKOro 

8BTOMBT8 li nonyaaToMaTa, c.o.enaHa cneuHanbKBR no.unporpaMMB, 0Ka C'lHTaeT 'IHCno TO

'IBK B KpHBOJI, npH 3 TOM B KB'IBCTBB npH3H8K8 KOKU8 HKij:JOpMBUHH HCITOnb3yJOTCSI .UB8 no.o.-
fl 

PSI.O. npo6HTb!X HynSI. no.unporp8MM8 MO}I(BT o6pa68Tb!B8Tb TpBKH c nJOtib!M KOITH'IBCTBOM 

TO'IBK, nocne ITO.UC'IBTB 'IBCITB TO'IBK npOH3BO.O.HTCSI p8CWHij:JpOBK8 ITOCTYITHBWBJI HKij:JOpM 8 -

UHH H 38nHCb 'IBCBIT B M8WHHKOM KO.UB, npH 3TOM Y'IHTbiB88TCSI p83nH'IKB M8CWT86Kb!X 

nap8M8Tp08 .UHij:Jp8KUHOKHblX peWBTOK no KOOp.UHHBTB X H no KOOp.UHKBTB y . 8 

3TOII nporpaMMB npH ITOMOlllH 38Ll8KHSI M8CWT86Hb!X K03cj:><pKUHBKTOB .UnSI .UHij:JpaKUHOKHOII 

peWBTKH B03MO}I(BH H Y'IBT yCB,[I.KH nneRKH, 3BTBM B COOTBBTCTBHH C penepKbiMH TO'IKBMH 

npOH3BOL!HTCSI ITOBOpOT H nepeKOC CHCTBMb! KOOp.UHKBT (npeo6p830B8KH8 ee B OITTH'IBCKYIO 

CHCTBMy), 8 CBS13H C TeM, 'ITO penepHbiB TO'IKH MOryT 6b!Tb 38.U8Hbl npOH3BOnbKbJM o6pa-

30M, B nporpaMMB npe.o.yCMOTp8H8 o()pa60TK8 ,[1.8KKbiX .UITSI CITBLlYIOlllHX KOM6HK8UHII pac

nonO}I(BKHSI penepHb!X TO'IBK S 1 (x lo.' y
1
), S 

2
(x 2 , y

2 
). TO'IKB S

1 
(x 

1 
,y

1
) scer.ua H.UB T 

nepBOI, OK8 .U89T KOB09 H8'18n0 CHCTBMbl KOOp.UHK8T ( CM. pHC, 6), 

s. 

X' 

I' 
!. 

X' x· 

s, 

PHc. 6 

ez>opMyiTBMH, C OOMOlllbiO KOTOpb!X npOH3BO.O.HTCSI npeo()p830B8HH8 CHCTBMbl KOOp.UH

H8T, .O.ITR p83Hb!X cnyqaeB 6y.UyT: 

X' • (X - X I ) COS ell - (y - y I ) sin <I> (I) 

y' " (X - X I ) sin <!> + ( y - y I ) COS <I> • 



--

" ( X - X I ) sin <I> + ( y - y i ) COS <I> (2) 

y' -- (x-x
1 

)cos<!> +(y -y 
1

)sin <I> 

x'•-(x-x 
1

)cos<l> +(y-y
1

)sin<l> 
(3) 

y ' a ( X - X I ) sin <I> - ( y - y I ) COS <I> 

x'•- (x -x 1 )sin <I> -(y -y 1 )cos <I> 

(4) 
y'• (x-x

1
)cos<l>-(y-y

1
)sin<l> 

rae 

sin <I> -
x_- x 

y (X 2 -X I )2 + ( y 2 - y I )2 

COS <I> a 

y 2 -y I 

2 2 
y(x2 -x 1) + (y2 -y 1) 

npH p eweHHH a;aHHOll aaa;a'IH BCTp9'18JOTCR cnyqaH 2 H 4. 

Ha asToMaTe B oa:Holl R<rellxe npo6HsaJOTCII xoopa;HHa Tbi H X H • P aa-

pR.O:bl 1-18 oTBO.O:RTCR a:nR xoopa:xHaThi X , a paapR.O:hi 21-38 anR KOOpJlHHaTbl Y • 

noaTOMY .QnR aanHCH 'IHCna 8 HOpManbHOll cpopMe cne.oyeT Bbi.Q9nHTb HH¢0pMaUHJO, npo

H389CTH He06XOJlHMhl9 C.QBHrH H npH¢0pMHpOBaTb COOTB9TCTBYJOlUH9 nOpR.OKH (eM.' 5
1

) • 

JlnR .QaHHOll no.onporpaMMbl HHttJOpMaUHR aa.oaeTCII 8 TaKOM nopii.OKe: CHaqana npo-

6HBaJOTCII 2 penepHbl9 TO'IKH, .oanee H.OyT KOOp.QHHaTbl np09KUHll TpeKa H B Ka<reCTBQ 

npH3HaKa KOHUa HH¢0pMaUHH npo6HB aJOTCR .QBa HynR. 

§ 4 . Haxo>KgeHHe npocTpaHCTBeHHOll TpaexT opHH no 

H9COOTB9TCTB9HHblM TOtiK8M 

Jlnll BOCCTaHOBn9HHR npOCTpaHCTBQHHOll TpaeKTOpHH no KOOp.OHHaTaM H 'IHCny Heco-

OTB9TCTB9HHbiX T0t{9K H8 np&BOM H neBOM K8.llpax, nonytt89Mb1X nporp8MMOA, OllHC8HHOA: 

s §3, c.oenaHa ne6onhwaR cTaH.oapTHaR nporpaMMa B cHcTeMe YIC-2. B xaqecTBe HH¢op

MauHH B o6patUeHHH K a Toll nporpaMMe yxaahiBaJOTCR a.opeca R'!eex .onR nesoro xa.opa 

xn • Yn ; npasoro xa.opa x n y n , <rHcna To<reK .OUR uesoro H npasoro xa.o-

pa, a TaK>K e a.opeca R'I99K .OUR 6a3bl Cl>QMKH B H paccTORHHR v oT aa.oHero ¢o-

xyca o6·beKTHBa .oo Hao6pa>KeHHR ( nueHKH ). nporpaMMa .onR xa>K.ooll TO'IKH uesoro xa.o-

p& X n Yn 
UpH nOMOlUH nporpaMMbl napa60UH'19CK0ll HHTepnOURUHH HBXO.QHT 

10 

COOTB8TCTII8HHbiQ TO'IJUf H8 Uf 

p8HCTB8HHbiQ XOOp.O:HH8Tbl no C 

X II 'yn 1 X n 1 ~ 3B.ll8Hbi B 

CTp8HCTBe nony'I89TCR p811HbiM 

§5.~ 

~ 

JlnR HaXO>K.0:9HHR npOCTpt 

TaK>Ke COCTasneHa CT8Ha;apTHal 

anR Hee yxaablsaeTCR aa:pec R' 

xoopa;HHaTbi npasoro H ne11oro 

HHR v OT aaa:Hero ¢oxyca 

YK83htsaeTcR H MO>KeT 6btTb nK 

JlOM CT OII lUHe HynSBbiQ R'leltKH. 

TO OH Bhi6paCbiBaeTCIIo 

nporpaMMa npe.osapHTen b 

HOCa Haqana KOOp.OHHaT 8 COOTE 

ny<rae T npOCTpaHCTB9HHbiQ KOOpl 

§ 6. 8 bt6poc • 

Bhz6poc "nnoxKx" Toqex r 

.oyJOtUeM: Tpex .oenHTCII non on a > 

x) 

O.oHaxo B Hawell aa.oa~ 

xx) 

JlnR cny<r aR MHKpOCKOI 

qano CHCT9M bl KOOp.O,HHaT, T BK K 

cxone. 



:ell, (2) 

(3) 

:ell 

08 ell 

(4) 

7 I 

H 8 Tbl H X R • Paa-

I 21-38 Jin!l K00pJIHK8Tbl Y , 

r B biJie11HTb HHtPOpM8UHIO, npo

/5/ 
TCTByiOIUHe nop!IJIKH (eM. ), 

1 TBKOM nopsuxKe: CH8'18118 npo

poeKuHl!: TpeK8 H 8 K8'1eCTBe 

KTOQHH no 

!.!!!. 

no KOOpJIHH8T8M H 'IHC11Y HeCo

•eMbiX nporpBMMOll, onHC8HHOll 

:TeMe VJC-2. B KB'Iecrae HHtPOP" 

>eca gqeeK .nnst nesoro Ka.npa 

qeK JIDSI ne8oro H npaaoro Kan-

: C TOSIHHSI v oT aanHero tt>o-

£:11!!1 K8>KAOl!: TO'IKH neaoro K8A

. Ol! HKTepn011SIUHK KBXOAHT 

X 
D 

eOOTB9TeTI!l9KKbl9 TO'IKR H8 np81!10M xa,ape f ( \h ) , .[lanee 8bi'IKeniUOTe!l npocT-

paHeTBeHHble xoop,aRHBThl no tt>opMynaM (xauepa BRnbCoKa): 

X - B 
XJI 

"n - xn 

B 
(I) 

y c y 11 • 
X X 
n n 

z BV 
= 

X X n n 

38JI8Hbl 8 OfiTH'Ieexol eHeTeMe KOOpJIKK8T, '-!Keno TO'IBK 8 npo-

eTp8HeT89 nony'IBBTC!I p81!1Hb!M 'IHeny TO'IeK H8 ne80M K8Jip9, 

§ 5, Haxo>K.aeHKe npocrpaKeT89HHOI rpaexropHH no 

ABHHbiM MHKpocKonHbiX R3MepeHHI 

( CooraereraeHHbte TO'IKH) 

.[ln!l K8XO>KJI9HR!I npocTp8HeTB9HHbiX KOOpJIHH8T no JI8HHb!M MHKpOeKOnHbiX H3MBpeHHI 

TBK>Ke eoeT88neH8 eT8HJI8pTH8!1 nporp8MM8 8 VJC-2, 8 KB'IeeTBe HeXOJIHOll HHtPOpM8UHH 

Jin!l Hee yK83bl88eTC!I 8Jipee !I'IBIKH, H8'1RH8!1 e KOTOpOI nOM91U8IOTe!l penepHbl9 TO'IKH H 

KoopJIHHBTbi npaaoro H ne8oro KBJIP0 8, Yxa3biB8IOTe!l R'lelxH Jin!l 6aabl B H p8eCTO!I-

HH!I V OT 38JIH9ro tPOKyea 06beKTH88 JIO H306p8>K9HH!I (nneHKH ), '-!Keno T0'19K He 

YK83biB8eTeR H MO>KeT 6b!Tb ni06b!Mx). npH3H8KOM KOHU8 HHtPOPMBUHH !IBnRIOTe H JIBe pR

JIOM eTO!IIUHe HyneBbiB !l'lel!:KH, EcnH 8 cepeJIKHe HHtPOpM8UKH 8CTp9'189TC!I OJIHH Hynb, 

TO OH 8bi6p8CbiB8eTC!I, 

nporpaMMa npeJI88pHTenbHO npoH380JIHT ncinc'le T 'IRena TO'IeK, aaTeM nocne nepe

xx) 
HOC8 H8'18118 K00pJIHH8T B eoOT8eTCTBHH C penepHbiMH TO'IK8MH no tPOpMynaM (I) no-

nyqaeT npOCTp8HCTBeHHble KOOpJIHH8Tbl, 

§ 6, 8bt6poc •n1IOXHX • TO'IeK (cr1!8>KHB8HHe KQHBbiX) 

8bi6pOC •nnOXHX• TO'IeK np:>H3BOJIHTeH B JI88 3 T8D8, nep8blll 3T8n COCTOHT B cne

JiyiOIUeM: TpeK nenHTCSI non01!8M ( C TO'IHOCTbiO JIO OJIHOJI TO'IKH ), H8XOJISITCSI TO'IKH, 

x) 
0JIH8KO 8 H8Well 38JI8'!e 'IHCnO TO'IeK He MO>KeT 6biTb 6011bW9 COpOK8 , 

xx) 
.[l11SI C11Y'I8SI MHKpOC KOnHblX H3MepeHHll penepHble TO'IKH JI8IOT TOnbKO K0809 K8-

1.18no CHCTeMbl K00p.OHH8T 1 T8K K8K llOBOpOT c.n.enaH npH BbiCT8Bn e HHH K 8 D.pOB HB MHKpO

cKone • 

II 
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llB1IAJO!UH9CSI U9HTpBMII TSI>K9CTH I<B>KJlOI nonoBHHbl TpeKB, H qepe3 HSIX npOBOJlHTCSI BeK

TOp, 3BT9M '1BpB3 H3Mep BHHbiB TO'IKH no MeTOJly HaH'1BHbWHX I<BBJlpBTOB npOBOJlHTCSI 

npliMBSI, nap81I1IB1IbHBSI 3TOMY 891<TOpy. TO'IKH, JJ,aJieJ<o• OTCTOSIIUHe OT 3 TOll npSIMOll, 8b16pa· 
:> 

CbiBBJOTCH, 'ITO H9 BCer)la 803MO>KHO CJl91IBTb npH Bb!OpOCe T0'19K no M 9 TOJly HBSIM9HbWHX 

KBBJlpaTos, IOrJla MoryT Ob!Tb Bb16poweHbl a nepay10 oqepeJlb 'xopowHe' TO'IKH, HBnpH

wep, ecnH oHH pacnono>KeHbt, KBK Ha pRe, 7. (eM, cTp. 22).napa6ona npoAJleT a <>TOM 

Cnyqae 801III311 'nnoxol' TO'II<H '1' H OYJlYT Bb!OpOWBHbl 'xopowHe' TO'II<H C KOHUOB TpeKa, 

J.1cnonb3yeMblll HBMH MBTOJl B bt6poca nnoxo HaMepeHHbtx TO'IeK 6bln npe Jlno>KeH 

B.J.1. illHraeBbiM, KpoMe yKaaaHHbiX npeHMy!.lleCTB, <>TO T MeTOJl o6na)laeT eme OJlHHM : 

Jl1IH Bb!OpOCB TO'IBI< npH ero HCnOnb30BBHHH Tpe6yeTCSI MeHbWB BpeMeHH no C pBBHeHHIO 

C JlpyrHMH MBTOJlBMH, 

Ha BTopoM <>Tane Bb16poc npoH3BOJlHTCK no CTBHJlBpTHOll nporpBMMe (HanHcaaaoll 

/5/ 
B 1-1e-2, eM. ) Jl1IK Bbt6poca TO'IBK no KpHBOll 'leTBepToro nopKJlKB . 3~a nporpaMMB 

qepe3 TOtUC~B nnocx.ocTH, no.nne>Kawae crna>KHBBHHIO., nposo.na~ no MeTo.oy HBHMeHblllHX 

KBBJlpBTOB KpHByJO '19TBepTOrO nopKJlKB, H TO'IKH, 1!._81Ie~'I'Cl:QSI !;!ol He OT 3 TOll KpHBOJI, 

nocneJlOBBTenbHO Bbt6pacbiBBJOTCK. B aaweM cnyqae o6pa6oTKH TpeKOB Jl1IK MBJl1IBHHb1X 

'IBCTHn, KOTOpb19 MOryT H OCTBH8B1IHBBTbCSI B 1<8M9pe, Jl1IH OnHCBHH!! Tp89J<TOpHH IIHOrJlB 

HeooxOJlKMO 6paTb JlO 40 TO,'IBK, OnHCBTb KPKBOll 'IBTBepToro nopK.UKB aaKpy'IHBBJOIUyJOcK 

CnHp81Ib, npOXOJlKlllYIO no 3THM TO'II<BM, He BCer)la B03MO>KHO, H no3TOMY Jl1ISI Bbt6poca 

•nnoxHx" TO"'9Jt B Hawe~ cnyqae npHwnocb c.nenaTb .nononHRTenbHO K cywecTBYJOIUeA 
x) 

en e!Ue OJlHy nporpBMMY B CHCTeMe Vle-2. 

xx) 
3 TB nporpBMMB p8CCMBTpHBB9T BCIO KpHByJO B BH)le OT)leJibHbiX 0Tpe3KOB, XOpo-

WO onHcblaBeMbiX KpHsoll qeTsepToro nopKJlKB (6paJIBCb oTpeaKH no 15 TO'IeK), EcnH 

TO'IeK B nocne)lHeM OTpeaKe OCT8BB1IOCb MeHbWe 15, TO OH )lOnOUHS11IC!I JlO 15 38 C'leT 

TO'IeK np9JlblJlY1UHX 0Tp931<0B, EcnH >Ke TO'IeK OKB.3biBB1IOCb BOOO!Ue MeHbwe 15, TO opa

nHCb BCe TO'II<H IpHBOJI, nocne Bb!Jl9UBHHSI H3 Tpei<B nepBbiX 15 TO'IeK nporpBMMB npH 

nOMOlUH nporpBMMbl Bb!OpOCB/
4

/ npOH3B0JlHT Bb!OpOC 'nnOXHX' TO'I9K B 3TOll rpynne TO"" 

'!eK, 3BT9M Bbl)l911SieTC!I CJieJly!OlUB!I rpynna TO'IeK >H CHOBB npOH3BOJlHTC!I Bb!OpOC B Bbl

)leneHHOJI rpynne H T,Jl, 8 nocne)lHee BpBMSI 0Tpe3KH 6pB1IKCb no 10 TO'IeK, H B HKX 

Bb!OpOC npOH3BOJlH1IC!I no KpHBOll BTOporo nOpSIJlKB (HCn01Ib30BB1ICSI H3M9HeHHblll BBpHBHT 

nporpaMMbl V!e-2). 

Bb16poc TO'Iei nporpBMMOll npoH3BOJlHTCK no HH¢opMBUHH o MecTe HBXO>KJleHHK 

KOOpJlHHBT X y H z K01III'IBCTBB TO'IBK H B91IHIIIIH9 
~I 

JlOnyCTHMOJI 

)lllcnepcHH Jl1ISI OTIUIOHBHHSI, 

x) . 
3JleCb H B JlB1lbHellweM TBK 0003HB'IeHB CTBHJlBpTHBSI nporpBMMB, 

xx) 
KpHBBK MO>KeT Ob!Tb 3BJlBHa y>Ke 1IJOObiM 'IHCJIOM TO'IeK. 

12 

I 
~- { \~,. ! (tt' 

' . 

erna>KeHHilK KpHBBK noMemaeTc: 

aaeTcK a JlpyroA K'leliKe. EcnH 

z Jl01I>KHbl yKB3bl B B TbCSI n!OO 

§7.~ 

.!lnK HBXO>K)l9HHSI HyneBOrC 

14/ 
MB H3 1 KOTOp8H npOBOnHna 

HBXOJlH1IB pBJlHyc 1<pH8H3 Hbl Tpel 

KOaHepreTHqHb19 'l8CTHUbi, Mbl n 

JlB1IbHellweM Obtna CJlenaaa cner 

npocTpBHCTsa npoBOJlHT BHHTosy 

H8np8B1I!II01UHB KOCHHYCbl KBCBTe. 

BBK T o •ma). e'IHTBBTC!I TBJ<>Ke K 

KO Jl1ISI C'IB T B no JlBHHOI nporpa 

npHBBJlBM nocneJloBaTenbH 

H ¢opMy1Ibl Jl1ISI 3 TKX onep8UHJI, 

1). PaooTa en aa'!HHaeTc: 

H3 OnTH'IeCKOll CHCTBMbl KOOpJlH> 

3BJlBB8eMOMy BeKTOpy MBrHHTHOJ 

0003HB'IBeTCSI HBMH JlBUee KBK ( 

x' = 

z' = 

Hx H 

IH!v'H 2 + H2 

Hx 

I iiI 

• y 

X + 

v'H 

~ 
IRI 

2) npoee)leHHe oKpy>KHocT· 

MH3HpyeTC!I ¢yHKUHOHB1I : 

<I> - r 
0 l= 

B npe)lnOJIO>KBHHH, 'ITO OKpy>KHc> 



R qepea HHX npOBO~HTCH BeK-

IKX KBa~paTOB npOBO~HTC ll 

'O!i lUKe OT 9 TOII npliMOII, Bb16pa-

! ToqeK no MeTO~y HaHMeHblUHX 

~Ab "xopOWRe" TOttKH, HMpH-

• napa6ona npoll~eT B 9 TOM 

ropOWHB "' TOtfKH C KOHUOB TpeKa. 

biX ToqeK 6bln npe.ano>KeH 

eTOil o6na.aaeT ewe OllHHM : 

bWB BpBM:BHH no C p8BH BHH K> 

'HOlt nporpaMMe (Han KcaHHOII 

· o nopllllKa. ::l1 a nporpaMMa 

BO.C. K -1' flO MBTO.O.Y H8HMBHbWHX 

•TKH TpBKOB ,ang M e.aneHHblX 

ll OnHC aHH!i TpaeKTOpHH HHOr.aa 

r o nOpli,OKa aaKpyqHBaJO!UyJOC !I 

CH01 K n03TOMy llflll B b!6p oca 

:HHTBflbHO K cyweC TBY JO!Uell 

1e OT)lenbHbiX 0Tpe3KOB, xopo

pe3KH no 15 ToqeK ) . EcnH 

1 .aononH!IflC!I .ao 15 aa cq e T 

b B006W:e M e HbW e !5 , T O 6pa

IX 15 ToqeK nporpaMMa npH 

HX" TOtt8K B 3TOA rpynne To-

l npOH3BOJlHTCll Bb16poc B Bbi

HCb nO 10 TOqeK, H B HHX 

30BaflCll H3MeHeHHblll BapHaHT 

li(HH 0 MBCTB HllXO>K.Q 9 HRSI 

tiiJiqJIHB .aonyCTHMOII 

~Hall nporpaMMa. 

7 

r 

Crna>KeHHilH KpHsag noMewaeTCll Ha npe>KHeM MBCTe, qHcno T oqeK nocne Bbi6poca yKaa&I

saeTC!I s ~pyroll gqe liKe . EcnH Bbi6poc npoHaso~HTC!I .an11 nnocKoll KpHsoll, TO a KaqecTse 

% ~on>KHbl yKaa&IB a TbCll nJ06ble cso6o~Hble gqeliKH. 

§ 7. Haxo>KBBHHe Hynesoro npH6nH>K e HHll .anll c K o poCTH 

qacTHUbl 

nnll HaXO>K~eHHll Hynesoro npH6nH>KeHHll BHa q ane HCfl0flb30Banacb V - a11 nporpaM-

/4/ 
M a H3 , KOTopall nposo~Hna qepea ToqKH napa6ony, a aaT eM no nap a M eTpaM nap a6on&I 

HaXOilHfla pa~HYC KpHBH 3 Hbl TpeKa. nocKOflbKY nap a6ona XOpOWO Ofl HCbiBa e T TOflbKO BbiCO

K09HepreTHqHbie qac THUbi, Mbl nonyqanH c pa&HHTenbHO nnoxoe Hynesoe npH6mt>KeHHe . B 

.aanbHellweM 6&Ina c.aenaHa cneuHanbH8ll C T8Hil8pTH8ll nporpaMMa, KOTopall qepea T oqKH 

npOCTp8HCTB8 npOBOilHT BHHTOByJO flHHHJO. nporp8MMOl! nonyqaiQTC!I pa~HyC KpHBH3Hbl H 

H8npaBfl!I!OlUH 9 KOCHHyCbl KaCaTBflbHOl! K BHHTOB Ol! flHHHH B TQqKe ·s aaHMOilBliCTBHSI (nep

B8ll T OqKa) . CqHTaeTC!I TBIOKe JCOppe nRUH OHHall MaTpHua ~nR Bbiil8B8eM&IX senHqHH. O.aHa

K O llflll c q e T a no .aaHHOI nporpaMMe 9 TH BBflHqHHbl He HCnOnb3yJOTC!I. 

npHBB JleM nocne~OB8TenbHOCTb onepauHll, BblfiOflHSIBMbiX CT a HJl8 pTHOII nporpaMMOl!, 

H cpopMynbl ~n11 9 THX onepauHII. 

I). P a 6oTa en HaqHHae TCll c nosopoTa CHCT B M bl KOOpllHHaT. npoH3BOilHTC!I nepexo.a 

H3 OnTHqecKOll CHCT9Mbl KOOpJlHH a T B CHCTBMy KOOpllHH8T C OCb!O 

aa.aasaeMOMY BBKTopy MarHHTHOro nonll H = I H x , H Y , H • I 

o6oaHaqaeTCll HaMH .aanee KaK ( •) ). 

, " · "· HYHZ x= x-t y+ 

\HiJH> H: \ H \y' H:+ H: 

H 
y y 

X + y 

H 
y 

z' = X + + z 

, nap ann enbHOll 

(CHCT9M8 KOOpllHHaT 

(2) 

2) npose~eHHe OKpy>KHOCTH 'lepea npoeKUHIO TpeKa Ha nnoCKOCTH z - 0 • MHHH-

MH3HpyeTC!I cpyHKUHOHan: 

<I> -I[(x
1
-x 

O I• 1 
(3) 

B npe~nono>KeHHH, qTo oKpy>KHOCTb npoxo.aHT qepea nepByJO TOqKy (x 
1 

,y
1

). Tor.aa : 



2 2 2 
R = (x 

1 
-X o ) + ( Y 1 -y o ) 

H cpy HKUHOHan (3) npH06peTaeT BHA : 

~ 0 = i 
I = 2 

[ ( x 2 -x 12) + ( y 2 - y 
I I 1 

2 
)-2x

0
(x

1 
-x 1) -2y

0 
(y

1 
-y

1
)) 

(4) 

(5) 

n o M 8 TOAy HaHM8HbWHX KBaApaTOB 11:;3 (5) H8XOAHM Xo H Y 
0 

, 8 38T9M 

aHa '<eHH e R 

3H a K 3apHAa q acTHU bl onpeAenHeTCH no 3HaKy pa3HOCTII ~ 
0 

- ~ l , rAe ~n II 

<I> 1 onpeAeneHbl cpopMYnoA (7). 

0TMeTKM TaK)K8 0 'iTO MIIIIIIMII3auiiH cpyHKUIIOIIana (3) npiiBOAIITCSI K niiHeiHOA 3aAa

'ie. e T O'iHOCTbiO AO qneHOB UOpHAKa ( {',. R ) 
2 

Olla 3KBIIBaneHTHa MIIHIIM1131iUIIII 118n11Hei
R 

HOrO cpyHKU K OH ana 

<I>~ ~(y(x -x )
2

+(y -y )
2

- R)
2

• 
t o I o 

nnaHIIpye TCH y c oseplll8HCTBOBaHHe nporpaMMbl AnSI H8X0)KA8HHSI BHHTOBOI UKHHII 

c y'<eToM noTepH aHeprHH qacTIIubl. 

3) Jlanee, IICXOAH 113 cpopMyn AUSI BHHTOBOI UKHHII, 

x' = x 
0 

+ R cos <P 

y'=y
0

+Rsin¢ (6) 

z' • z 
0 

+ .\ <f> 

B nnocKOCTH 

z'-z
0

+il.¢ 

z </> npOBOAHM no M9TOAy HaBM:eHblllKX KBaApaTOB npHMYIO 

, ra.e yron </> AUH Ka)KAOI TOqJtH H8XOAKTCSI no cpopMyne: 

I 

<PI 

y -y 
Arc sin 1 0 

V ( y ' - y ) + ( x' - x )ll 
I c I o 

(7) 

KoppenHuHOHHYIO M a TpHuy AnSI .\ H z0 HaXOAHM, KaK 06bl'{HO, 'i8pe3 o6paTHYIO 

MaTpHUY anre6paHqecKOI CHCT e Mbl AUII H8X0)1(AeHKSI A H Z o , a TaJt)K8 qepe3 

3 HaqeHH8 cpyHKUHOHana B MHHHMyMe. npH HaXO>KAeHHH A H z 0 Mbl C'{IITaeu, '{TO 

HCKOMble BeUH'iHHbl He HMeiOT KOppeUHUHH C R 

HaxOAHM H8Up8BUSIIOWH8 KOCHHyCbl KaCaTeUbHOro BeKTOpa K BHHTOBOI UHHHB B nap

BOA TO'IK9: 
r = I cos a 

1 
, cos a 

2 
cos a 

3 
l , 

(8) 

14 

I 

rAe 

cos a 1 

cos 82 

cos a 
8 

a <P 1 AaeTCH cpopMynol (7). 

qaeTCH B CIICT8M8 KOOpAIIIIaT ' 

AenaeTCH npeo6paaoBa1111e, o6p 

B uenHX ytipoweHIIH npor 

npK nOMOWK en YMHO)K8HHSI M 

eqeT KoppenHUKOHHol Ma 

np0113BOAIITCSI np11 nOMOWII en 

Bblpa)KaiO WHe BblAaBaeMble sen 

nllcb, a 6blna aaAaHa nocneAo: 

( 9), a aaTeM npeo6paaoBaHKe , . 

§ 8. e .. eT MaTp 

~ 

B uen11x ynpoweHHH cpop~ 

cpyHK!lBSIMH 6blna COCTaBUeHa en 

XOAHOI uaTpBue ll·"if II AnSI 

w 
cpyHKUBI, 3aBBCliWBX OT a,w< C 

j!'~a 'iBcneHHblM cnoco6o1 

pllnY ll OTA9UbHO 3Ha'ieHHII cpyB 

no cpopw:yne (cu. HanpaMep/
6

' 

{',. f I {',. f k 

t{aCTHble UpOB3BOAHbl8 

~ 
If 

cH 1 

iJ .aJ 



(4) 

(5) 

JlHM Y 
0 

, 8 38T9M 

ol> H . 
( 3 ) npHBOJlHTCH K nHHelaoA 38Jla-

BHB8n&HTH8 MHHHMH38UHH H&nHH&A-

~ HIIXO>KJl9HHH BHHTOBOI ITHHHH 

I, 

(6) 

HbWHX KB8Jlp8T08 npHMJIO 

.OJlHTCH no QlOpMyne: 

(7) 

U 06bi'IHO, '19p93 OOp8THyJO 

H z 0 , a T8K.>Ke qepea 

H Z o Mhl C'IHT89M, 1fTO 

KTOpa K BHHTOBOI nHHHR B nep-

(8) 

rJl e 

R 
COS rp 1 cos a 1 ' 

v R 2 + >.2 

R 
sin</> 1 cos 82 ' 

y' R o + >.2 

(9) 

>. 
cos a 

3 
= 

y'R2+ >.' 

a rf> 1 Jla&TCH <jlopMynoA (7). BexTop , onpeJl&nH&Mbll <jlopMynaMR (8) R ( 9 ), nony-

'189TCH B CHCT9M9 KOOpJlHHaT ( + ) • .QnH nepeXOJla X OnTH'I9CKOI CHCTe Me K OOpJlHHa T 

Jl&rraeTCH npeo6pa30B8HH9 0 o6paTHOe (2). 

B u e nHX yn.poweuus nporpaMMbl se e npeo6paaosauus C HCT&M x o opJlHHaT CJle n a abl 

npH nOMOLUH en YMHO>K&HBR MaTpHO:bl Ha B9KT0p H en o6opa'll!BaHHR M a TpHU. 

e'leT xoppenSUlHOHHOA MaTpHUhl JlnR cos a 1 cos a 2 
cos a 

3 R T a X>K 9 

npOH3BOJlHTCH npH nOMOLUH en, onacaHHOI B cneJlyJOLU9M naparpa <jle . npa 3 TOM QlOpMynbl, 

Bblp8>K 8 JO LUH9 Bbl.ll8B89 Mhl9 B9nH1fHHbi qepe 3 BenH'IHHbl X 0 , SIBHO H e Bblll liCbi'B B-

rrHCb 0 a 6blna 3a)laHa nocneJlOBaTe rrbHOCTb HX Bbi'IHCneHHH: C'I9T no QlOpMynaM ( 4 ), ( 7 ) 0 

(9), a aaTeM npeo6paaosause ,o6paTaoe (2 ). 

§ 8. e'leT MaTpHUbl OLUH60K JliTH CRCT9Mbl m d>YH!\JlHA , 

38BHCRLUBX OT D 

B uenHX ynpoweHHR <jlopMyn H nporp&MMbl JlrrR C'I&Ta ows6ox 11 xoppensuuA M&>KJly 

QlYHitURRMH 6blna COCTBBneHa cnenHanbHaH CTaHJlapTHall nporpaMMa. 3Ta nporpaMMa no Hc -

XOJlHOI MaTpaue 11 . "If II JlnH BXOJlRLUHX cny'lalab!X senH'IRH a no <jlopM;yne JlnH m 

w 
QlYBitUBI, 38BRClllUBX OT ~ cnyqaiHblX BenH'IBH, a TaX>Ke no 3Ha'I&HHIIM npHpaLU&HHI 

Jlrrll ~'leTa 'IBCn&HHbiM CnOCOOOM npOH3BOJlHbiX , .............. -.'--- OT tPJHXURI BblJlaeT xoppenliUHOHHYIO Mar-

PIIUY H OTJlenbHO aua'leHHll <:f>yHitUBA a IIX Jlllcnepcxl B yxaaaHHbiX M ecTax. e'leT B&Jl&TCR 

DO QlOpM;yne ( CM. HanpRM&p/
61 

) 

k ~ m 

l{aCTHbl9 npOII3BOJlHbl9 C'IRTaJOTCR 'IHcneuuo , II" l f II - HCXOJlHaB BOppenBUROH-

15 



-

KlUI M8TpRD8 .D.nH cny'l81Khi.X B81IB11RK a 1 t \ 1 ••• 1 a., l'!.fl l'!.fk ,_ sneueHT 

IoppenllUHOHHOI ,.aTpHUbl .Anll ¢yRIUllll f 1 (a 1 , • 2 , •··, an ) • 

§ 9. Ha.xO)l(LJ&RI!& paccTOHilll!! M&)l(LJY .a8yMH CHCT&MaMI! 

TOq&! 8 nnOC!QCTHX !ALJQ08 

nporp8MM8 no 38.A8HHOI 8 CTp0!8.X OClpaLU&HHll HH<lJOpM8UHH 0 M8CTOnO/l0)l(8HBB Ta()

/IBU 9!CnepHM8HT8/lbHbiX II T&OpeTJiq&CIHX TOq&X H HX qHC/18 110/lyqaeT Kp8Tq8l!W118 pac

CTOIIHIIII OT K8)l(.U0ll 9KCnepHM8HT8/lbHOI TOqJ[H .UO T&Op&TKq&CKHX KpHBbiX B ll/IOCKOCTIIX 

npeoro H neaoro Kaapoa. 

nporpaMM8 p8ClOT8eT Clle.AyiOWHM Oelp830M. 

nnll TOqKH M 0 (X 0 • yo> H8 9ICnepHM8HT8/lbHOll IPHBOI H8.XO.AHTC!I Cl/IH)I(8l!WH8 K 

Hell Tpll TOqJ[JI M 1 ( x 1 , y 1 ,), M 2(x 2 , y 2) , M 3 ( x 3 , y 3) Ha TeopeT&qecKoll KpH8oll. 3aTeM 

qepea 9TH TpH ToqKK npoao.aHTCH napaelona 

y=ax-{3 (10) 

r.Ae CBCTeM8 KOOpllHH8T T8)[8ll, qTO OCb X npOXO.AHT qepea TO'D<H M1 H M
3 

C H8q8/IOM 

CHCT&Mbl IOOpllHH8T a cepe.AHH& oTp&aKa M 1 M 3 • To ecTb 

a = 
y2 

{3 = ~ 
4 

( x 2 + ~ ) (x 2- P2 ) 

2 2 
P • ,j(xa-x, ) + (ya- yl) 

H eo6xo.AHMble ypaaaeHHH an11 H8X0)1(.AeHHH MKHHMyMa 

R 
2 

,j (x - x 0 ) + (y - Y o ) 

( paccTOHHH11 OT ToqKH M 0 ao 9TOA napa6ollhl) nonyqaeM H3 ycnoBHH 

~- 0 ax 

H ypaaHeHHll (10). nn11 TOqiH, 6nH)l(8AweA K (x 0 •Yo ) , HMeeM ypaBHBHHe 

(X - I O ) + (a X 
2 

- {3 - y O ) 2a X = 0. 

TaK KBK 9TO ypaaH&HHe Kyelaqecioe, TO B03MO)I(HO cywecTBOBBHHe Tpex aewecTB&HHbiX 

KOpHell. 0tiH8KO npH pa60T8 nporp&MMbl np8ITHqec)[H BCBrll8 ( 38 BBCbM8 pBllKHM HCKniO

qeHHeM) HM8BTCH TOnbKO O,[lHH KOpeHb, H ayneBOe npH6nH)I(BHHB I= x
0 

.A8BT y)l(e XOpo

WyiO TOqHOCTb, 

16 

r 

[,. 
'1 

} 

B cooTBeTCTBHH c 9TBM 

CTOHRHH CTpOBTCII 8 npeanono; 

I -= X 0. 

nonyqaJI ,[188 DpHClllli)I(BH 

t -I 

xo 

1 < 

X I • XI· 1 

2 
y

1
•ax

1
-

DpOB&p!!eM 8hlllO/IH8HHe YCIIOBH 

TO eCTb OipOB8p!leM, COW 8/IC!I 

B KaqecTBe paCCTO!IHH!I llO Te 

)1(8Awell H3 TOqeK M 1 

BHH 

M2 

r.z:~e R 1 - Me M 1 , R 2 · · M0 M 

H8Hb1 1 TO CK088 8 K8'19CTB8 Ml 

)l(aAweA Ha ToqeK M 
1 

, M 
2 

n OBTOp!l!l Bb!WBOnHC8HHy 

SX.Cfl8pHM8HT8nbHhiX T01{9K H8 • 

~arHHTHoe none Ka,.epbl 

MeTpB'IHhiM OTHOCHTenbHO OCH 

H• H• 

no9TOMY llnll ero OnHC8HHll el l 

6blna H3MepeHa TOnbKO H • 

H8HT8 M8rHHTHOro non!! H8XOJ 

nnociOCTH Y • 0 

div 

11HTerpapyH ( 11) no p , non: 



a • 
a • ) • 

IIYMH Cl'lCT9M8MR 

~ 

- an4tW8HT 

JOpM8.11HH 0 M9CTOnonO>K9HBH Ta!S-

:n e nonyqaeT xp&T'lalwHe pac -

1'H'I9CKHX K.pHBbiX B nnOCKOCT!lX 

BOA H&XO.IlliTCH !SnH>Kalwae x 

8 T90p9TI'l'l9CKOI KpBIIOA. 3&T6M 

( 10 ) 

pea TO'IIH M 1 H M 
3 

c HaqanoM 

rb 

---2-

. y I ) 

9M H3 ycnOBHll 

) , RM96M yp811H9HH9 

0. 

TBOB8HHe Tpex 116W6CT86HHbiX 

.ll8 ( 38 86CbM8 pe.llKBM HCKmo -

K9 HHe I e x 0 .0.89T y>t<e xopo-

8 COOTII9TCTIIBH C STBM llbl'IBCUBT9Ubllh'A npouecc JlUH HBXO>K.Il9HBll MBHBMyMa pac

CTOliHHll CTpOBTCll II npe.llnOnO>KSHBH, 'ITO BM69T MSCTO cnyqal O.llHOI'O KOpHll H !SepeTCll 

nony'l&ll .llll8 npH!SnR>KeHBll no cpopMynaM (MeTO.Il HbiOTOHa) 

t -I 

X 0 - X I- I- 2a XI• I ( y I ·I- y 0) 

2 2 
1 + 2a(y

1
_

1 
+y

0
) + 4 a x

1
•

1 

X I • X + t 
1·1 I ' 

npo8eplleM 8hmonHeHRe ycno8Hll 

To ecTb ,.npo8eplleM, c o w e nc11 nH HTepauHOHHhi i n pouecc. EcnH npouecc H e cowenc11, T O 

8 K8'19C TBe paCCTOliHHll .llO T90p9TH'l9C KOI KpHBOI 6epeTCll p8CCTOHHHe OT M O .llO 6nH-

>KaAwel H3 TO'l6K M 1 M 2 ' M 3 EcnH >Ke npouecc cowencH, TO npo aep11eM ycno-

BHll 

R., 1• < R 1 , R 2 , R 3 

r.lle . Ecna oxa>t<eTCH, 'ITO OHM H e eblnon-

H9Hbl, TO CH088 II K8'19CTBe MHHBMyMa p8CCTOliHHll 6epeTCll p8CCTOliHH e OT M O .llO 6nH

>K81Wel H3 TO'leK M 
1 

, M 
2 

, M 
3 

• 

noBTOpllll BbiWeOnHC8HHyiO npOI!9.1lypy, HBXOJlHM Kp8T'l81Wee p&CC TOHHHe OT B C9X 

axcnepHMeHT8UbHblX TO'l9K H8 060HX JC8.1lp8X. 

§ 10. Mar.liHTHoe none 

MarHHTHoe none K&Mepbl, B KOTopol npOB3BO.IlHnHcb CHHMKH TpeKo8, 6htno ocecHM-

MeTpB'IHbiM OTHOCHTenbHO OCB Z 

0 l . 

noaTOMy JlUll ero OnBC8HHll !SbiUO .llOCTBTO'IHO Jl&Tb 3H&'leHHe nonll 8 nnOCKOCTH y • 0 • 

B&Ina B3MepeHa TOnbxo H • - KOMnoHeHTa M&I'HHTHoro non11. BTopaH He uyneaa11 KOMn o -

H9HT8 M8f'HHT'HOI"O nonsr H8XO.IlHU8Cb H3 yp811HeHHH div H • 0 H 3H8'19HHSI llOnR H. a 

nnocxocTB y • 0 

div H • + ( 11 ) 
p 

V!HTei'pHpyH ( 11) no p , nonyqaeM JlUH 3H8'19HHSI p 8 JlH 8 UbHOA KOMil OH9 HTbl IlOUII 

17 



.. 

HP(z, p) • 
p 

, ') 
"aH.(z,-p p'dp' 

az 

H3 ypaeHeHHH (11) 11 orpaHH'IeHHOCTR 

ypaBHeHRR (11) p8BH8 Hynm, 

a H. 

az 
cneayeT, 'ITO UOCTORHH88 RHTerpRp088HHR 

JleACTBRTefibHO, npeanonO>KHM, 'ITO 

15y a eT HMeTb BRa 

H P ( z , 0) ,co. Tor a a pa3no>KeHRe H P ( z, p 

I 
H = I. a

1
(z)p 

p I • 0 ( 12) 

rae 9a ,r. 0. noacTaanRR (12) e (11),15yaeM RMeTb 

I a'(z) p 1 + ...!_ i (i+ l)a (z)p 1 = 0. 
1= 0 I p I :or. 0 I 

YcTpeMnRR p K Kyn10, nonyquM 
p 

a 0 ( z) - 0 , 'ITO npoTRBOpe'IRT npeanono>KeHRJO 

o HepaBeHCTBe H P(z,O) HynJO. 

nepBOH8'18fibHO o6pa6oTK8 aenacb npH noMOlUH nporp8MM RHTepnonRUHH no H. R 

H P , 3aaaBaeMblx a BRae aByxwepHoA Ta6nHUbl, a 38TeM anH ycKopeHHR c'leTa MBrHHT'" 

Hoe none 15htno npeacTaaneHo B BRae aaoiHbiX pRaoB no nonHHOMBM ne>KaHapa: 

H ( z, p ) I. 
1,1 

b 1! P1 
2z -z -z) PI (~k) 
zk.-ZD pk 

H (z,p)• I.{3 P(2z-zk-z•)P(2p-pk) 
p II I 1 --- ' 

lof zk-zD Pt 

r.lle 

a IJ 

• k pk 2 , 2 , 
I ( ( H ( , , ) p ( z - zk- z.) p ( P -pk ) d , d , N • z,p I I---- P z 

•u 0 Z k - Z D P k 

H COOTB9TCTB8HHO 

"k pk 2 , 2 , 
f3

11 
= ~ ( ( HP(z', p')P

1 
( z -zk -z•)P

1 
(~k)dp'dz' 

•n o zk - . zn plr. 

N = 
·~~ Pk 2 2 z'- zk - z 
( ( PI ( n 

ltD 0 zlr.-ZD 

P ( 2 p,- pk ) dp, dz, = ( z k - z n ) P k 

I Pk (2i + 1)(2k + 1) 

Heo6xo.llHMO OTMeTHTb, 'ITO nporpaMMa o6pa6oTKH n aHH biX pa6oTaeT He38BHCHMO 

OT BHJ:l8 38J:l8HHR nonR, T81C K81C OH8 H8fiHC8H8 B p8C'IeTe H8 npOH3BOfibHQe MBrHHTHOe 

none C O B C 9MH KOMllOH9HT8MH: 

H =I H.(z,p, ¢); HP (z,p,cp) H.p(z,p, ¢ )1. 

18 

t 

.c 

I 
~ 

rae 

D 11. Yp8.11HeRI!8 llE 

,llBH>KellJie '18CTI!Uhl B MBrH 

(m'iY 

..!L (i" H ] ·- cRna nopeHOa, 
c 

F dp = E 
dt 

nony'leHHol 6eT/
7 1

• 

,lln11 Kawephl BRnbCOHa, co. 

B -

g 

3aecb 

N • 6,02472, 1023 
(r,M< 

2 
m.c • 0,51098 ~3B - 3He 

-13 

'·- 2,8178.10 - Kfi8 

I (z) - noTeRuHan HOHR38III 

p - nnoTHOCTb 3TOro r1 

( ~ ) - OTHOWeHRe 38pRaa 
aecy, 

z - 38pR.Il .llBH>KymeAc s 
') 

{3 = ...lL- OTHOCHTefibH8R CKOJ 
c 

JlnR RccneayeMoro cny'laR, Kor . 

KHCnopoaa H yrnepo.lla) 

g -

2 
B • 4Nrr t m < . . 
( Zn) P In :zm.c 
AH H lu 

~ 
Au 

Q>opwyna (14) nepecTaeT 

{3 ({3 - fJ .. &,01), Korns cKopoc 
171 

pOCTbiO K - 3neKTpoHOB • Jl; 

Q!opMyne ( 14) o6pamaeTCR B H) 

TefibHOI, 0aH81CO nocKOfibiCY np 



' nOCTOHHH88 HHTerpBpOBBHHll 

orJla paano>Keaae H P ( z, p ) 

( 12) 

o. 

pOTBBOpe'liiT npeJlnOnO>KeHHIO 

..C M HHTepnonRUKH no H • B 

l nR YCKOpeHHll C'leta M&rHHT

IlHHOMBM ne>K&HJlpa: 

> ( 2p- pk ) • 
l 

( 2p' -pk ) dp' dz' 

pk 

- pk) dp ' dz' 

( zk -z.)pk 

' i + I )(2l< + 1) 

biX p B60T 88 T H83BBHCHMO 

npOK3 B 0 1lbHoe M&rHHTHOe 

z . p • ¢ ) I . 

r 
I 

D 11. YpllBHeHga ABBJKeHBSI 'j&Cf!Qhl a MarHBTHOM none 

Aaa>KeHBe 'IBCTHnhi B M&rHBTHOM none onBchlaaetcll ypllBBe HBeM HbiOtoHa 

( m ~)' ~ ~ [ t H ] + F TP 
( 13) 

JL [ ;- H l '- CBna nopeHUa, 
c FTP CBn8 IOpMO>KeHHll, OnHChi848M8ll cpopMynoll 

a• 
dp~Bz 0 (f.. '"' -{3 
dt ~ 

nonyqeHHOll 6ere
17 1• 

An11 K&Mepbl BanhCoaa, COJlepJKa~ell TOnbKO OJlBH 3neMeHt, 

B • · 4N (T) rr r • m • c p • 

g - In 
2m.c

2 

I ( z) 

3JleCb 

N a 6,02472.1023 
(r.MOnb)-

1 - 'lliC1lO AaoraJlpo, 

• m.c • 0,51098 M3B- 3HeprBR noKOll 3nexrpoua, 

r . • 2,8178.10-
13

- KnaccxqecKall p&JliiYC 31l8KTpoaa, 

l(z) nOT9HUH8n HOHB38UHH Jlnll r83a, HBnOnHIIIO~ero KBMepy , 

p nnoTHOCTb aTOro raaa, 

(14) 

( ~ ) OTHOW~HBe 3Bp11JlB IIJlpB Jl1lll raaa, !!BnOnHliiO~ero KBMepy, K er .:> BTOMHOMY 

aecy, 

Z - 3Bpl1Jl JlBK>Ky~ellcll 'IBCTHUbl, 
I 

{3= -t - OTHOCHT91lbHBll CKOpOCTb, 

An11 HccneJlyeMoro C!!y'IBll, KOrJla B xaMepe COJlep>Kanacb cMecb tpex raaoa (eo. ·opoJla, 

KBCnOpOJlB H yrnepOJlB) 

g -

+..!..Ep ), 
A c 

c 

In 2m.c• + <-j(;l p c ~ • 
lo c •c 

_:n Pa + ~ P'() + ~ Pc 
A a An A c 

<f>OpMyna ( 14) nepeCTB9T npBBK!!bHO OflHCbiBBTb CH!!y TOpMO>K8HHll npH MB1lb1X 

{3 ( {3 • {1 • !J, 01 ) , KOrJlB CKOpOCTb 

pocTbiO K - anextpoHOB 
111

• An11 

cpopMyne ( 14) o6pa~aetcll a aynh, 

H8!!9TBJ0~9B 'IBCTH!lbl JlenB9TCll COH3M9pHMOll CO CXQ-

{3 • y~• 0,0067 npK g • 10 CHna TOpMO>KeHHll no 

1-e• 
B Jlnll e~e t.eeHbWHX {3 OHB CTBHOBHTCll fl01lO>KH--Te!!bHOll, 0JlHBXO flOCKO!!bKy npo6er 'IBCTH!lbl Jlnll {3 = {3 0'19Hb Man ( M9HbWe 1 MM), 

19 



+. 

DpH aOCTH>KeHHH CKOpOCTH C'IHT8110Cb1 'ITO '18CTJID8 y>Ke OCT8H08Hil8Cb, npeanona-

ranocb, 'ITO DOTeHUHM HOHH38UHH He 38BHCHT OT CKOpOCTH HaneTSJOl.lleA '18CTHUb1 1 H anH 

RHX 6panHCb cneayJOl.llHe 3H8'19HHH: 

1R - 12,5, 10 - 12,5•8 • lc ~ 12,5•6. 

Y'IBTbl881lOCb H3M9H9HHe c T e 'I9HH9M BpeMeKH npoueHTHoro cocTaaa ra3a 8 xaMepe. 

AnA HHTerpHp088HHH ypaaHeHHll aBH>K9KHll ( 13) Hcnonb3o8anacb cTaHaapTHall npor

r-par.cMa HSXO>KaeHHll Tp89KTOpHH '18CTHUbl B 31leKTpOM8rHliTHOM none, 3Ta DpOrpaMM8 HH

T41I'pHpyeT B URilHHapH'I9CKOA CHCTeMe KOOpaHH8T ypSBHeHHll aBH>K9HHll 

rae 

\o 
-6 

0,3 .10 • 

v, 

• a = 

. 
v. 

2 
A

0 
yl-{3 [A, -v, A] a +a_, 

r 

2 
A 0 yl- {3 [A ¢ -aA)~v, a -· 
A 0vi-f/ [A_ -v_ AI 

A=v,A,+aA ¢+ v A 

A¢=aE ¢+(v.H,-v, H.), 

A,= aE, + (aH.-v.H¢) 

A Q a E. + ( v, H¢ - aH, ) , 

v, 

a- 10/3 

a • · r ;p 

Ao• ~, 
M 

.z - v .. 

KOHCTBHTbl nporpBMMbl, M = · ~,rae 
emu 

m - r.cac-

CB l:J.8CTRUhl 1 e - ee 3Bplla, mn- M8CC8 npOTOH81 e 
n 3Bplla npOTOH8, ~BrHHTHOe 

none H-IH.;Hp;O] 

non11 6panocb 

nony'JBilOCb 8 COOT89TCTBHH C § 10, B 8 KB'J9CT8e 3119KTpH'I9CKOrO 

E ~ _!.n 
e 

AnH nporpaMMbl aeo6xoaaMo TBil>Ke 3aaaaaTb Hll'IIUibHble 3Hil'J9HHll 

M(x 1 'y I 'z I H ~ () = I i , p , p¢, I . 

B npouecce HHTerpKpOIIIa&Hll nporpar.cr.ca 8waaeT npoexuHH npocTpaacTI!IeHHbiX Jloopaa

BaT Tp89XTOpHll Ra DllOCKOCTb npaaoro H ll91110ro llaapa, nocKOilbJCY MOM9HT OXOH'IIlHHII 
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HHTerpHp088HHH DO BpeMeHH 3 · 

TerpHp088HHH DO pRay npH3H81 

1. Koraa qacTaua 8&Ixo.c 

2, f3 MO>K9T TOilbKO y6u: 

RBe npexpal.lla&TC H (npo8epxa H 

3. Koraa {3 aenaeTCH 

Kll H8 M81lOCTb f3 ) , 
4. HaTerpHposaaHe npeKJ 

pHp088HHH aell89TC R 6onbWe 1 

B BBJ]9 cyMMhi nOM8HblX. 

B llOHne pa6oT&l nporpa~v. 

npOliCXOaHT DO YCilOBHliM 2,3, 

Bb!Xoae >Ke H3 nporpaMMbl no 

pe. B cnyqae, Koraa nepsa11 

nony'leHH&le aaHH&Ie anA HMny 

(KOTOp8ll 38cpHKCHpOBBHB H8 0. 

HHll 8 o6paTHOM aanpasneHHH . 

TaK KSK H8 CHHMK8.X, no. 

TOpHH npOTOHOB, a ny'JOK Me3C 

H 38T9M npH o6C'I9T9 TpeK08 I 

Anll cocTasneHHR MoaenJ 

CD9UH81lbHOM p9>KHMe K8Mepbl 0 

ay Ha!IMeHblllHX K8BapBT08 6b 

T8pHCTHJtH. 0K838nOCb 1 "'TO HC 

1. CHB'JBilB, HCXOall 83 ~ 

8 JlB>KaoA TO'JK9 ny'IKB 1 B 3BT 

'ITO Tp9K He CTporo ropH30HTI 

rae sin ( - np09KUHll Hll 0 

B Up09J(QHH ( X, y 

TO'U:Il 1113a&WOaeiCT8HH M(x 
1 

MY xoopaHHBT c aaqanoM 8 cep 

nyqxa (cr.c. pRe. 8), 



118 y>Ke 0CT8H08Hli8Cb, npe.nnon8-

TH H8119T810ll.l9ll 'l8CTHUb1
0 

H .LlnB 

'6. 

•o COCT8!18 r8a8 s X8Mepe. 

10llb30B8n8Cb CT8H.Ll8pTH8B npor

HTHOM none, :'h8 nporp8MM8 HH-

3HH .O.BH>K9HHH 

M = ~ , rne m - M8C-
emn 

- 38pB.Ll npOTOH8, ~8rHHTH09 

8 a X8'l9CTBe 3118XTpHqecxoro 

IIHH npOCTp8HCTB9HHb1X XOOp,LlH

CXOllbXY MOMQHT OXOH'l8HHB 

KHT9rpHp088HHB no BpeMeHH 38p8Hee He H3BeCT9H, TO npe.nyCM8TpHB8llOCb OKOH'l8HHe HH-

TerpHp088HHB no pB.Lly npH3H8KOB: 

1. Kor.n8 'l8CTH118 B&IXO.LlHT Ha K8Mepb1, HHTerpHpOB8HHe npexpawaeTcs. 

2, (:3 MO>KQT TOllbKO y6u&aTb 0 ecnH >KQ npOHCXO.LlHT yaenH'l9HHe {3 0 HHTerpHpO&a-

HBe npexp8Wa9TCR (npOB9pK8 H8 MOHOTOHHOCTb H3MeH9HHB f3 ) • 

3. Kor.n8 f3 nenaeTcB MeH&we f3 - 0,01, HHTerpHpOB8HH e npexp8waeTCII (npos ep-

xa H8 ManocTb f3 ) , 
4. J.1nTerpapOB8HHe npexpawaeTCB Tax>Ke, xor.n8 nnnaa npo6era qacTHU&I npH HHTer-

pRp088HRH ,LlQl!aeTC!I 60llbW9, 'leM .LlliHH8 npo6era, B&l'lHCli9HHa!l no H3MepeHHbiM TO'IK8M 

B BH.09 CYMMbl nOM8HblX. 

B xoHue pa6oT&I nporpaM,..bl HHTerpHpoaaHHII ypasaeHHA, ecnn B&IXO.Ll Ha nporp8MMhi 

npORCXO.LlHT no ycnOBH!IM 2,3, Bbi,LlaeTC!I H .LlJ1HH8 npo6era 'l8CTHUbl .LlO OCT8HOBKH; npH 

BbiXO.Lle )KQ H3 nporp8MMbl no yCliOBH!IM 1,4 B&I,LlaeTCII npo6er 'lBCTHUbl T OJlbKO B KBMe

pe, B cnyqae, xorna nepaas HaMepeHHaB TO'IK8 He BBnseTCB TO'lKOl! B3BHMo.nellcTBHB, 

IIOlly'leHHble ,LlaHHble .Llllll HMnynbCB H yrJ18 nepeC'lHTbiB8IOTCB K TO'lKe B 3aHMO.OeliCTBHII 

(KOTOpaB 384JHKCHpOB8Ha Ha O.llHOM H3 xa.opoB) nyTeM HHTerpHpOB8HHB yp8BHeHHII .llBH)I(e

HHB B o6paTHOM HBnpaaneHHH .00 TO'IKH B3aHMO.OeliCTBHB, 

§ 12. none HanpaaneHHll 

Tax xaK H8 CHHMK8X, nonyqeHHbiX npH p860'leM pe:>KHMe KaMep&I ,BHJlHbl TOJlbXO Tpaex

TOpHH npOTOHOB 0 a ny'IOK Me30HOB HQ BH.OeH, He06XO.IlHMO 6&1110 HCCJ1e.OOB8Tb ero 38p8HQe 

R 38TeM npR 06C'leTe TpeKOB HCnOllb30BaTb rOTOBble .ll8HHbie 0 nyqxe, 

nnll COCTBBlleHHB MO.IleJlH nonB H3MepBnHCb Tp8eKTOpHB Me30HOB 0 nonyqeHHble npn 

cneuHallbHOM pe:>KRMe K8M9pbl 0 xor.oa 3TH TpaeKTOpHH BH.IlHMbl, l{epe3 3 TH Tp9KH no MQTO

.IlY HBRMeHbWHX KBa.opaTOB 6bll!R npOBQJlQHbl BHHTOBbiQ l!RHHH H nonyqeHbl BCe HX xapax

T9pHCTHXH, Oxaaanoc&, 'ITO Hcxo.oablll nyqox MO)I(eT 6b1Tb xopowo CMo.oenHpoaaH. 

I. Caaqana, acxons H3 Mo.oenH, na.oHM ¢opMynbl .ons Haxo:>K.oeHH!i nons aanpaaneaaA 

B xa>K.ooll TO'IXQ nyqxa, a aaTeM nOBCHHM 3Ty MO.nenb, npe>K.oe BCero 6&IJ10 yc T a HOBn e HO, 

'ITO TpeK He CTpOrO rOpH30HTaneH, a HMeeT He6onbWOll Haxnon, onHCbiBaeMhll! sin ( 

rne sin ( - npoexuHB aa oc& z KaCBTellbHOrO K nyqKy eUHHH'lHOrO BeKTOpa, 

B npoexuHH ( x, y ) aanpaaneHHe aaxonanoc& cne.oyiOWHM o6paa o M. K oop.oaHaT&I 

TO'IXR 838HWO.OeiCTBRB M( X I' y 
1

, Z 
1

) H3 onTH'lQCKOI CHCT8Mbl npeo6pa30Bb1BanHCb 8 CHCTe-

MY KOOp.LlHHaT C HaqanOM B cepe.OHH8 nyqxa(x 0 ,y 0 ) H C OCbiO x' · 0 HanpaaneHHOl! B.llOnb 

nyqxa ( CM, pHC, 8) , 
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HaxoJlKN 

.,._ 

x' • (X I -X O ) 008 ( O + (y I -yO ) llio( O 

y'- - (x I - x o )sin ( o + (y I -Yo )cos ( o 

• 
• 
• 

• 

P11e. 7. 

ll.(tga) 

Pae. 8. 

y' 
~ y -~ 

1 + x' -y 
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~ 

,:' 

( 14) 

(15) 

t&: 
K a • ·&rctg l 

Y<mT .... &Jl nonpuJcy aa oKpyll 

a • arctt 

B B9ltTOp lt&eaTen&Bol It Tpae 

ii • ! sio a 

BenH<mBhl oosa 
1 

, ( 0 , 

no W:9TOJly B8HN9BbWBX Kllftll 

2. nolleB&HHll K NO)l9nK 

Ecn11 qepea TpaeKTOpllB 

Nbl9 nHHBil, TO II np09Knllll HB 

npKNbiX (eNo pKeo 9). 

--------~-=---- ------

Aanee, npKNepao qepea 

JcynllpH&ll It OllHOI H3 npiiNbiX 

qepea h paeeTOSIHHe no 

rax npRMhlX. 



»II ( 0 
( 14) 

.)(' 

(15) 

H 

t&: - tee 
0

- t\(tga) 

~ • arctg [ tg ( 0 - t\ ( tga) ] ( 16) 

Y'DIT~>m8JI nonpuxy RA oxpylKHOCTJD1 n<my'l&eM An• yrna: 

( 17) 

H Bexrop xaceTenJDRol x TpaexTopxx Me3oBa 11 TO'IXe B38BMOA&ICTBHH ISyA&T paBeH: 

ii' • I slaa a cos a COlla a l , 

BenR"'JJRhl cosa a • e 0 • y R n<my'I&Hhl npR o6paiSoTK9 Tp89KTOpRA ny'IK8 

no M&TOAY H8RM9RblllBX KB8ApATOB, H8BM911&e TO'IHO onp&A9nH9TCII aenii'IJIH8 e 0 

2, noHCR9RHII K MOAenH 

Ecn11 '19pe3 TpaexTOpllB M930IIOB npoaecTx no M&To.ny R8RM9HlDWHX xaa.np8TOB npr

Mhl9 nHHHil, TO B npO&J[DilH HA nnOCKOCTio 

npiiMbiX (cw, pxc, 9), 

~\ 

Pxc, 9, 

z - 0 nony'I89TCH C9M9ICTBO p8CXO.llHlllHXCH 

JC 

.llanee, npiMepHo '19pe3 cepeAIIHy ny'lxe npoBOAinec~o npHM8H AB , nepeneH.nx-

xynllpHeH K OAROI H3 npHMbiX (c yrnoM H8KnOH8 l O ) B cep&AHHe ny'IX~,' 01S03H8'111M 

'19p93 h p&CCTOHH.He no AB OT AAHROI npHMOI C yrnoM H8KnOH8 ( 
0 

AO .npy

rBX npHMbiX, 
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Bhlna aeene.a;oaaaa aaaaeRMOCTb yrnoa aaxnoaa npHMhiX (aepaee, T&Hreaeoa yrnoa) 

OT paeeTOJIHHR b Oxaaanoeb, 'ITO oaa xopowo onaehl&&aTCH naaeliHoll ¢YHKI!HeA 

tg ( - by + tg ( 0 

Dpa noMOWH MeTo.a;a H8HMeBbWHX Jt&a.a;paTOa lShlnH H&A.a;eHbl 

HX OWK6KH, 

y tg ( 0 H 

TaKKM o6paaoM, none HanpaaneKKA s npa.a;nono>KeHHH, 'ITO ORO Mo.a;enHpyeTell e•e

T&Moll npKMhiX, npoae.a;&HHhiX no M9TOJ:lY H8HMeHbWHX K&8JJ:p8TO& '19pe3 Tp&eKTOpHH Me-

30HOil, T&nepb MO>KHO OnHe&Tb <j>OpMyll&MH (!4), (15 ), (!6), T,e, 38 OCb x' npHHII-

M&eTeH npBM&ll, npOXOJ:lHW8ll '19pe3 TO'IKY 0 ( X0 ,y O ) H HM9!0IU8H yron H8X110H8 e OebiO 

X , paeHbill (0 

Jlnll Y'I9T8 Xp11&H3Hhl Tp8 9KTOpHH Me30H8 paeeM8TpH&89M Tp&eKTOpB!O M930H8 (OK-

py>KHOCTb e nBHTpOM 0' 

p 

\ 
\ 

(eM, pHe, !0) ), 

\ 

' \ 
\ 

\ 
\ 

\ 

I 

~ 

PRe, 10. 

I 
I 

I 
I 

I 
I 

I 
I 

IR 

s 

OyeTb 6y.a;eT TO'IK8, & KOTOpOll Ry>KHO H&IITH yron H8K110H8, EenH n01lb301l8Th-

es Mo.a;enh!O npRM~>~x, aTO 6y.a;eT yron R&KlloHa npsMoll PS ( ¢opMyna ( 16) ), Jlns yqe-

T8 >Ke KpRBR3Hhl TpeK& Mhl J:l01l>KHhl J:l06&aRTb K yr11y R8X110H8 eiUe yron {j,a • pa&Hhlll 

e He06XOJ:lHMOll TO'IHOCTblO 
x' 

R 
, T,e, nonyqaeTeH ¢opMyna (17), 

KoHe'IHO, ¢opMyn~>~ ( 14) - ( 17) .a;aroT K&pTHHy M&TeM&TH'IeeKH Hea.a;eK&aTHyro eeMeA-

eT&y paeXOJ:llllUHXell oxpy>KKOCTell ( 8 T8K09 npe.a;eT8BlleHH9 1'5onee seero eOOT&eTeT&yeT <j>R-

3KK9 JIB119HHII), 0.a;K8KO e TOll TO'IHOCThl0 0 e KOTOpoll HBM H3&9eTKO &006!lle none Hanpaa-

neHRA, OHR JIOCT8TOttHO XOpOWO ORHCbiB8JOT ero. 
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Ha.a;o OTMeTHTJo, 'ITO 15~>~nB 

KpH&H3Hhl H H&np&lln9HHH Tp&eX~ 

xo ee He oxaaanoc~o. 

B aTOM naparpa¢8 npaao~ 

HOM 9T&ne o6pa60TKK Tpexa no< 

HOCKT911DHOII exopocTH 'l&eTHUhl 

yrno&, a T8K>K9 e'IHT8lOTCll H & 

I. YIMnynbC 'l&eTllllhl 

p . 

2. HanpaansllOWBe xocRHY• 

r = 

r.a;e 

cos 

cos 

cos 

3. Yron M e >K.a;y xaea-ren~o 

Tp89KTOpRH M930HO& & TO'IKe B 

e, 

cosO 1 e (f
0 

• ;,)•(cosa • rosa 1 

-a • a + 
x' 
R 

a 

y' 



'MbiX (aepaee, TaHreacoa yrnoa) 

b1B99TCR naaelaoA ¢YHXIIReA 

aaA.neHbl y tg ( 0 H 

a, qTo oao Mo.nenapyeTca cac-

•.npaToB qepea TpaexTopaa Me-

16), T,e, aa OCb x' 

HMeJOmaa yron aaxnoaa c oc bOO 

l&eM Tpaei<TOpHJO Me30H9 (OK-

-s 

" 

Jn HBKnoHa. EcnB nonb30B8Tb

( ¢opMyna (16)), .Una yq:e-

>Ha eme yron L'ia , paBHbll 

" ( 17). 

3THqeCKB Hea.neKB&THyJO CeMeA-

15onee acero COOTBeTcTayeT ¢a

)BecTuo aoo6me none aanpaa-

Ha.no OTMeTRTt., qTO 15blnH c.nenaRbl nonhiTKH o6aapy>KRTb aaxoHOMepHOCTb a pa.nH)'ce 

KpBBH3Hbl K HMpiiBJI9RBH Tp991tTOpHI We30HOII II 38.BHCIIMOCTH OT KOOpJlHHaTbl 1 O,O,Ha-

xo ee ae oxaaanoc~o. 

I 13. 3a~,HTenbRbll STan o6pa6oTxH 

B STOW naparpa¢e npHIIOJlRTCR ¢opMynhl, no xoTophiM ae.neTca cqeT aa 3axnJOqRTenb-

HOM STane o6pa60TKH Tpexa nocne no.n6opa OnTHMBUbHbiX 3 H&qeHHI ~ () ¢ - OT-

HOCHTenDHOI CI<OpOCTB qacTBUbl H ee c¢epaqeCKHX 93HMyT&UbHOI'O H MepHJlH OHanbHOI'O 

yrnoB, 8 T8K>Ke C'C{BT810TCR K Bbl.0.4JOTCSI H8 fl8li8TD: 

I. J.1MnynbC qacTKUbl 

938,23 Msa 
c 

2. HanpaanaJOlllR& KOCKHYCbl .nn11 KNnynbCa 

t; I • 

I ms a 1 rosa ~ ; oos a 3 I , 

r.ne 

msa 1 • lli.nOms ¢ • L'i 2 

ms a 
2 

• sin () sin ¢ • L'i 3 

rosa! • · cos 8 • t1 4 • 

( 18) 

( 19) 

3. Yron M e >K.ny xacaTenbaoA r 
p 

K Tpa&KTOpBII q&CTRUbl II KBC&TenbHOI ·r Jl. K 

TpaeKTOpKH M930HOB B Toqxe 1139RMOJleiCTBHR a na6opaTOpHOI CHCT9Me OTcq.,Ta: 

x' 
R 

.. 
a • a + 

() 1 T - ate sin ( ms () 1 ) - t. 6 , 

a 
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y __ Y_' __ I • 
1 + x' 'Y 

(20) 



.. 

noci<OUbkY OCROBH811 OWII!Ska 8 a 

X 
803MOlKH811 nonpa&ka 38 C'IQT )' B R 

npOHCXO,IlRT OT OWR!SI<R B tO ( U81tCIIUMbRO 

nxw& 8,naoe-aTpoe npeablw&eT owR!S~ty xa-aa 

to ) • C"'llTanocb, 'ITO (J a K (J e 0 

Ha peayn&T&T08 o!Spa!SoTKK ny'IKa ueaoH08 ( none KanpaaneHal) aaaecTHO aH&'I&HHe 

sin t 11 ero .nxcnepca11 u .... ( ( § 12). 

4. Yron uelK,ny Tp&ei<TOpll.llUR qacTHnhl a ueaoHa, a T&KlKe 11unyn&e qacTKuhl a eKe-

Teue ueHTpa uacc 

0 - Arcsin 
pj_ 

6-e = . (21) u 
VPj_ 2 + p\l2 

= v' 
,-2--,-2 

= 6. 7 • (22) p P J + p\\ u 

rlle Pl = psio 0 1 

(poosO _ m 938,2 
I -

mo v'~ 
pll Po ) X 

m 938,2 
mo ~ + y'(139 4)2 2 

if Op. V 1- (3- ' + p ' fJ 

+ y'(l39,4)2 + J pfJ 

m - uacca qacTHUbl, m o - uacca npoToHa, P 0 B "• - IIMnynbC B ero .nHcnepcHH 
fJ OfJ 

.nn11 nyq~~:a ueaoHo8, .[lnH ynpyroro pacceKHKII Mbl nonb3oaanac& .npyrol ¢opuynoA, CBH3bi-

8810WeA 89UH'IHHy BMUyn&ea UpOTOHa p ( n,c, ) C yrnoM 0 Q,M,, T,K, UpB aTOM 

yron 0 onpell9UH9TCH 8 B8W9M 3KCU9pHU9HTe C M9HbWHMB UOrp&WHOCTIIMH (• 0,1 '1 u.M. 

oosOu 
P u f3u 

v' 1 - f3u 

(y'p2+m2 
0 

5. C'IRT8JOTCII T8K)I(e owH6KH a aenB'IRHax 

CT&H,napTHol nporpauue, onzcaHKol a I 8) 

"t,- I a6.t 
j,k a XI 

rlle 

X K (3 . 
x2. 0 . 

a 6., 

a x. (J 
jk 

X • • p OfJ 

X • 
8 

a 

2 
v' p u-

2 
mo 

y'1 f3u 

6. I ( • 1,2 ... 8) no ¢opuyne ( no 

f • i 1, ••• 8 (23) 

x,- </> . x,a sine 
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II "t• II • 

3.necb II u 1• II 

"u 

(J 21 

(J .. 
0 

0 

0 

k • 

,napTHOI nporpaMMOA MHHKMR3• 

HHI (3 0 <P • B M8TJ 

qnellbl, yqRTbiB810WR8 OWR6Ky 

BI<U8,1l8 OT KIIX 8 OWK!Sky • 

6. Bbi'IKCUII&TCII reoueTpH'<E 

MeHTa He U03BOUIIIOT perRCTpll_ 

EcnH npoeKullll cne.na npoToHa 

( H83088M ee f I ) , TO aq,¢ 

cne,nhl aoo!Swe He npHHHMaiOTC 

p8HBII cny'laK, KOr.ll8 HMUyUbC 

pbl) 8bi'IBCU9Hbl C TO'IHOCTbiO I 

BBCHT OT HMUyn&ea q&CTHUbl H 

nepneH,IlBKYUIIPHYIO HanpaaneHII 

,nonyCTHMO HR3KOI, nonpa&Ka, 

4Jai<T9 83HMYT8UbHOI CIIMM9Tpt 

,na"'ll no.n n106biM yrnou <P 

B80,1lHTCII cne,nyiOWHM o6paao• 

II H8XO,IlHTCII KHTepaan yrnoB 

Benz'IKH& KKTepaana 6.¢ aa 

pe, U03TOMY 99 UpKXO,IlHTCII HI 

Cll 89UH'IIIH8 

B lt8lK,Il09 C06btT119 BBO,IlHTCH 



DT owa6xa ., '· ( M8J:CilM81I&HO 

-aTpoe npeahlwaeT owa6~:y Ha-aa 

H4np8111I8HHI) H3B8CTHO 3H4'18HHe 

a T8X:lKe BMnyn&e '18CTHUhl IS CHC-

~G 
(21) 

(22) 

) X 

r •o,.. - llt.myn&e H ero .UKcnepcaH 

18
1IHCL .Upyrol tPopMynoA, CBH3hl-

•w 9 ll.M •• T.JC. DpR aTOM 

9HbWHMB norpBWHOCTliMH ( - 0,1'1 

2 
'o 

1,2 ••• 8) no <PopMyne ( no 

1, •.• 8 
(23) 

"II 
q q 0 0 0 

12 II 

q 2t 
q q 0 0 0 

22 23 

q q " 0 0 0 
31 32 aa 

II u
1
k II = 

2 
0 0 0 q 0 0 .. ,.. 

(24) 

0 0 0 
2 0 0 "a 

0 0 0 0 0 
2 

q oln( 

3aec& II u jk II k - 1, 2, 3 - M8TpHU8 0WH60K C'IHT88TCll H Bhl,ll88TCll CT8H-

l14pTHOI nporpaMMOA MHHHMH38UHB tPYHXUHOH81I8 B npouecce no.u6opa onTHM41I&HhiX 3H4'1e-

HHI f3 (} </> , 8 M8TpHae OWH60JC (24) OTCyTCTByiOT, X8X Mbl y:lKe OTM8'181Ill, 

'11IeHbl, y'IBThiB810IUH8 OIUH6Ky 38 C'IBT y R B tPOpMynax (21) BCII8,[1CTBH8 M81IOCTH 

BX1I8,ll8 OT HJIX B OWH6Xy, 

6. 8bi'IHC1IHBTCH reoMeTpaqecxaH nonpaBxa (= · 6. 9 , reoueTpaqecJCHe ycnoBHH :u:cnep,•

ueHTa He n03B01IliiOT p8r'IICTpHp088Th 100% COfibiTHA, npH'IRHbl nOTBpH C06biTHll CIIBllYIOIURe, 

EcnH npOBJCURII cne,ua npOTOHa OT,[18'1H Ha xa,up ( fk) MBHbWB OIIp8l1BIIBHHOft B 81IH'IHHhl 

( H83088M ee f I ) , TO a<iJ<t>eXTHBHOCTh 81'0 06Hapy:lKBHHll npH npOCMOTpe M81I8 H T8KH8 

C1IB.Ubl B006IUe HB npHHHM810TCll B paCCMOTpBHHe, KpoM e TOrO, HCKII10'1810TCR H3 paCCMO~ 

peHHH cny'<aa, xoraa HMnyn&e p H yron 8 npOTOH8 OT,ll8'1H (BbiX O.lllllUBr'O H3 KaMe-

phi) Bbi'IHC1IBHbl c TO'IHOCTbiO ueH&we aaaaHHoll, To'IHOCTb & bi'<HcneHH H 3 THX senH'IHH aa

BHCHT OT HMnyn&ea '14CTHUbl H OT BBIIH'IHHbl npOOXUHK ee CII8,[18 H8 IIIIOCXOCT& ( xy) 

nepneH,llHKY1Illpey10 H8np8B1IBHJIIO M8r'HHTHO!'O nona, H npR f xy < f 2 (p) CTSHOBKTCR HQ-

aonyCTHMO HH3KOII, nonpaBKa, Y'IHThl8810lU8R 8blwenepB'IHCIIBHHbl8 nOTBpH, OCHOB8H8 Ha 

tPSXTe 83RMyT81I&HOII CIIMMeTpHH C06b1THII ( T,e, p8BHOA 88pOIITHOCTH 8bi1I8T8 '18CTHUbl 0~ 

B 1I1IOCXOCTH, nepneH,llHKY1IllpHOll Hanp881IBHHIO nyqxa) H 

BBOllHTCll C IIB.llYIOIUHM o6p830M, Ka:lK,Ublll XOHJ:pBTHhiA CII8,ll BpamaeTCll no yrny </> 

ll H8XOl1HTCll HHTepaan yrnoa I'J.<f> , 8 KOTOpOM H1IH f(x ,y) < f
2 

(p) 

881IH'IHH8 HHT8p881I8 I'J.<f> 38BHCHT OT ,lliiHHbl C1IB,ll8 H OT 81'0 M B CTOn01IO:lK8HHll 8 X4Me-

pe, llP9TOMY ee npHXOllHTCll H8XOl1HT& l11Ill X8:lK.UOr'O Cny'18H 0T,[181ILHO, ,Uanee 8bl'IHCIIll8~ 

( -
M_ 
2rr (25) 

R IC8:lK,[108 C06b!Til8 880,llHTCll 8 CT8TRCTHXy C B9COM ( 
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88eneHHe nonpaBKB !lblwayl(8.311HHb!M cnocot5oM K8l!KaTCH 803MO>KHb1M 1 ecnH xopowo 

H38aCTHhl rp11llll!lb1 pat5o'lero ot5'beMa K&Mepb!, H !lb1ronHo 8 Tax cny'l&llX, Korna Mana 

CTI1THCTHKI1 1 TllK· X/11( nonp8BKI1 !l!lllll8TCll 'lHCTO reoMeTpH'l8C KOI H He 8HOCHT JlOnOllHHT8llb

Hb1X CTI1THCTH'l8CKllX OWH601(, 

a 14. OoreHH3auHfl ot5C'l8TI1 gaHHb1X 

KpaTJ(O ot5 ··ot5pat5oTJ(e HHcPOPMilllHH cKeaeHo 110 88eneHHH, 3necb Mb1 ewe pea o c Ta

H08HMCst He nOCll8Jl0811T8llbHOCTH onepeaHA o6pa60TKH C yl(I1311HH8M cj}OpMyll, no KOTOpb1M 

He J(ll>KJlOM 9TI1ne 88Jl8TCll C'lBT, Hl!H CO CCb!lll(llMH He COOT88TCT8YIOWHI naperpecj}, rna 

OllHC8ij. anropHTM C'I9T8. 

Pat5oTa nporpeMMb! Hll'lHHaeTCll ot5H08llaHHeM sceA nporpeMMb1 c MllrHHTHoro 6apa6a-

HB H B80Jl0M rpynnb1 MI1TapH11lll1 H3 HBCKOllbKHX C06b1THI C 06lUHM 'IHCllOM ll'le8K He 

6onbllle qaM 200. Bson MaTepHana MO>KeT ocymecTBllfiTbCH !(IlK c 'IHTilJOlllHX ycTpollcTB 

He MllWHHe M-20 ( 6yMa>KHI1!1 neHTil c H3MapHTellbHOro npH6opa, nepcj)ol(apTb1), TBK H c 

M&rHHTHOl! ll8HTb1 1 Hll KOTOpyiO M11T8pH8ll npe,UB8pHT8llbHO nepenHCb18118TC!I CO BCnOMOre

T8llbHOI M&WHHb1 • MHHcK-2". Co6blTHe oT cot5b1THH oTnenHeTcH B cnyqae .MHKpOCJ(OnHoro 

sapH&HTa nporpaMMb1 nsyMH, a B cnyqae "aBTOMBTHoro "- TpeMH nycTbiMH H'leliKaMH, B 

J(OHUe MI1T8pH8lll1 DOMelUI18TC!I npH3HI1ll KOHUB HHcj}OpM11UHH, 06pa6&TblBI1eTC!I CHI1'111lll1 nep

BOe C06biTHe, Dep8Wl 'illCTb o(5pa60TKH C06b!TH!I 311KI1H'IHBI18TC!I BOCCTI1HOBll8HHeM npOCT

p11HCT!I8HHblX J(OOpJlHHilT Tpael(TOpHH 'lllCTHUbi, B sTy 'lllCTb 8XOJlHT nn11 cny'IBH • 11BTOMI1T

HOA" nporpeMMbl 3BnHCb 'lHCllll B HOpMBllbHOl! cj}opMe H BOCCTBHOBlleHHe nl!OCKOl! J(llpTHHbl 

0 3), Bb!t5pOC "nllOXHX" TO'IBK ( 0 6), HBXO>KJl8HHe COOTBBTCTBBHHb!X TO'IeK HB npaBOM 

H ne80M Ken pax H aoccTaHoBneHHe npocTpaHCTBeHHblx Toqel( ( 0 4). An11 cnyqea o6p a6o-r-

KH ll8HHbiX, llOCTyllBlOUJ,RX C MHKpOCKOll8 1 CH8'18n8 HM99T M9CTO nepeXO.ll K OllTH'I9CKOA 

CHCTeMe KOOpJlHHBT B COOT!IBTCTBHH C penepHb!MH TO'IJ(IlMH H BOCCTilHOBlleHHe npOCTpaH

CT!IBHHblX KOOpJlHHilT ( 0 5) 0 11 311T8M Bbl6poc "nl!OXHX • TO'IeK ( § 6) II npOCTpllHCTBe 

no rllllJlKOCTH npoaKUHH TpaK/1 Hll nnOCllOCTb X • 0 , Docne HllXO>KJlBHH!I npOCTpllHCTBeH

HblX KOOpJlHHilT MBWHHI1 BblllCHlleT, HllXOJlHTCll l!H HB'IBllO Tp81(11 B nyql(g, Doclle qaro 

HM88TC!I 803MO>KHOCTb B Cny'lae He06XOJlHMOCTH npOJlOll>KBTb o6cqeT TOllbKO Tp8KOB, He-

'IHHBIOlllHXCSI B nyqKe, 

Dony'iaHHe HYll8BOrO npH6llH>K8HHR npOHCXOJlHT npH UOMOWH nporpllMMbl npose,neHH!I 

8HHTOBOI llHHHH ( 7). DporpaMMa Bb!Jl&eT panHyc KpHBH3Hbi R H Hanpa BnHJOlllHe 

KOCHHyCY COS a t cosa ~ , cosa 
3 

xacaTenbHoro BBKTopa 1 • I ODS a I' rosa 0 , ODS a 
3

. ) 

I( Tp118J(T0pHH 'illCTHUbl, 

Aenee no cj)opMynaM: 

{3 -
p 

() rr 
2 - arc sin (cos a 3 ) , 

.,jp • + ( __!'.___ l" 
mo 
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q, • Ate 

cos</> • 

,jcx 

p H (z 1 • P 1 

HBXOJlHM 88J(T0p fJ 8 ccj)epH'le 

8 spcTenex, R - 8 eM, m -

TO'IJ(Il B3BHMOJl8ICT!IHll. Jlanee n 

/8/ 
UHOHane 

1 
acnOllb3Yfl 8 1(11'18CT 

ax onTHMBllbHOe aHe'leHHe, Dpa 

HHll MB>KJlY CHCT8M8MH Jl8YX TO 

HYIO 8 D 9, a TBJ(>Ke nporpeMMY 

!18 Hl1'111llbHb1X 3HI1'18HHI (5epeTCSI 

UHllHHJlpH'IBCKOA CHCTaMe !lOOpJll 

{3 D I 

DocllOllbl(Y nporpeMMil JlT 

CXOJlHMOCTH 311 C'leT yMeHbllleH 

OflTHMilllbHble 3HI1'18HHR i3 I! 

po8&HHH ypaBHeHHA JlBH>KBHHH 1 

BBTellbHblX npH6llH>K8HHA npOHC: 

p¢, no <PopMynaM (25). Heo6 

() q, C'IHTB~TCQ 'IHCJ19HH 

Bel!H'i!IH {3 () • q, ll 

J(OCHHYCbl Jlll!l nonR HanpaBneHJ 

lOTCSI HCK0Mbl9 .Q8HHbi9 1 a.enae· 

pH8J18. no OKOH'18HHH Bbi.llB'lH 

He see co6hlTHll o6c'IHTBHbl, ft 

Til 8CBX C06biTHA npOHCXOJlHT 



reTCH 803MO>KHblM, ecnH XOpOWO 

8 Tex cny'laliX, !(Or.na Mana 

:e C KOI H He 8HOCHT .llOnOJ!HHTenb-

L 

~HKH. 3.oecb Mbl ewe paa ocTa

:aaanHeM cpopMyn, no KOTop&rM 

)0T89TCT8YIOll.lHII naparpacp, r.ne 

orpaMM&r c MarHHTHoro 6apa6a-

c Otill.(HM 'IHCJ!OM ll'le9K He 

: g KaK c 'lliTaJOmBx ycTpollcT8 

r6opa, nep¢oKapT&I)' TaK H c 

:epenHCbi8a9TCll CO 8CnOMora

eTCll 8 Cl!y'lae .MHKpOCKOnHoro" 

peMH nycT&IMH ll'leiiKaMH. B 

06pa6aTbl8aeTCll CHaqana nep

~TCH BOCCT8HOBn9HHeM npoCT-

8XO.llHT .llJ!ll CJ!yqag "a8TOMaT

:TaH08J!eHHe nJ!OCKOI! KapTHHbi 

eTCT89HHbiX TO'IQK Ha npaaoM 

( § 4 ) • .Un11 cnyqag o6pa6or 

CTO nepexo.n K OnTH'I9CKOI! 

f 80CCTaH0811eHHe npocTpan

eK ( § 6) 8 npocTpaHCT8e 

HaXO>K.lleHHll npoCTpaHCT8eH-

3Ka 8 nyqKe, nocne qero 

> o6cqeT TOJibKO Tpexoa, Ha-

IOWH nporpaMM&r npo8e.neHHll 

lbr R H Hanpa811liJOWBe 

1 • I cos a "rosa ~ ' cos a 8· ) 

1 (cos a 
8 

) , 

"' - Ate sin 
cos a 2 

cos"' - cosa 1 

vros 
2 2 

a2 + cos a 1 

-3 
p = H(z ' pI '</>I 

) R 0,29979 10 

H8XO.llHM BQKTOp ~ B ccpepH'IQC!(OI! CHCT9MQ KOOp.llHHaT ( ~ (J ¢ ), r.ne H 

B apcTe.nax, R - 8 eM, m - uacca '18CTKilbl, m 
0 

- Mace a npoToua, M( z 1 • P 
1 

, ¢ 1 ) 

T0'1!(8 B38HMO.ll9ICTBHK. ,Uanee npK llOMOIUH nporp8MMb! MHHHMH38UIIH BeJ!HHeiiHoro <f>yHK-

UHOHana/S/ 0 HCllOJ!b3Yll 8 !(a'IQCTB9 Hy119BOrO npH6J!H)K9HHll ~ (} </> , H8XOllHM 

HX OllTHM811bHOe 3H8'1QHH9o npH CBOel pa60TQ 3T8 nporp8MM8 .lll!ll H8XO)I{.llQHHll paCCTOll-

HHK Me)l{.llY CHCTQM8MH .ll8YX TO 'lei( B nnOCKOCTJIX K8.llpOB HCll011b3Y9T nporp8MMY, OnHC8H

HyiO 8 D 9, a T8K>Ke nporpaMMY HHTerpKpoaaHHJl ypaaHeHKll .ll8H)I{QHHK ( D II). B K8'19CT-

ae H8'1811bHbiX 3H8'19HHJI 6epeTCK nepBaA TO'IKa M (z 1 , p 
1 

, ¢ 1 ) H cxopOCTb '18CTHUbt 8 

UHJ!HH.llpH'19CKOI CHCTQMe KOOpllHHaT 

i • fJ ros 8 , 

p • ~ ( ros ¢
1 

ros ¢ + sin¢ 
1 

sin ¢ ) sin (J , 

p¢• ~(ros¢ sin¢ -sin¢ ' cos¢ )sin 8 
1 f 

(25) 

nocKOJ!bKy nporp8MM8 .llJ!K MHHHMH38UHH cpyHKUHOH81!8 .llJ!ll ynyqiUQHHll npouecca 

CXOllHMOCTH 38 C'IQT yMeHbWeHHK KOppei!KllHH MQ)I{.llY HCKOMbiMH B9J!H'IHH8MH no.n6HpaeT 

OllTHM8JlbHb19 3H81:feii'RSI 7f B c<f>epH'leCKOI CHCT9M9 KOOpllHH8T 0 a nporp8MM8 HHTerpH-

p088HHII yp88HeHHI! ll8H>KeHHll pa60T8eT B UHJ!HH.llpH'IQCKOI CHCTeMe, 8 npouecce nocne.no-

88TeJ!bHbiX npH6J!H>KQHHI npOHCXO.llHT nepec'leT OT (J K 

P¢ no ¢opMynaM (25). Heo6xo.nHMble .lll!ll MHHHMH38UHH npoH380llHble OT R 1 no ~ 
(J C'IHT8JOTCII 'IHCJ!QHHblM CnOC060M, nocne H8XO>K.lleHHll onTHM811bHbiX 3Ha'leHHA 

B9JIH'IHH (J 

' "' H KX KOppel!liUHOHHOI M8TpHUbl H8XO.llliTCll HanpaBJ!liiOll.lHe 

KOCHByCbl .lll!ll non11 HanpaaneHHI ( D 12), .nanee no ¢opMynaM naparpa¢a 13 onpe.nen11-

IOTCSI HCK0Mb19 .l18HHhi9 1 D.9JI89TCSI KHH8M8TH'I8CKHA 8H8JIH3 H npOHCXOD.HT Bb1.Q81:J:8 MBT8-

pH8118, no OKOH'I8HHH Bb!.ll8'1H npOHCXO.llHT npoaepK8 H8 KOHeU HH<f>OpM8UHH H, QCJ!H eme 

He BCe C06blTBll 06C'IHT8Hbl, TO npOH3BO.llHTCll C'leT CJ!e.llyJOIUero COtibiTKllo nocne o6cqe

Ta 8CQX C06b!THI npOHCXO.llHT BBO.ll CJ!e.llyJOIUell rpynnbl M8TepKa~a. 
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nporpaMMa c.aenaHa TaK, 'ITO npoueccoM C'IBTa MO>KHO ynpMniiTb c nynbTa. Ha 

nynbTB Ha6Hpa9TCII .!lHCnepcHR, no KOTOpoA npOH3BO.!lHTCII Bb16poc, TO'IHOCTb, no .!lOCTH>Ke-

HHH KOT.OpOA npeKpamaeTCSI .nanbHei!wee YTO'IH9HH9 napaMeTpOB {3 (J cP ' 'IHC-

no HTepanHA, npH KOTOpOM npeKpamaeTCII C'IBT H93aBHCHMO OT .!lOCTHnHyTOA TC'IHOCTH, 

JlnR 'laCTHU, OCTaHaBnHBaiOJ..UHXCSI B KaMepe, 3Ha'I9HH9 HMnynbCa p H8XO.!lHTCII H3 Ta6-

nHUbl f (p) , r.a.e 

no ¢opMyne 

f - npo6er 'laCTHUbl. Ta6nHUbi f( p) 

f (p) dp 

Pmln dp/ df 

C'IKTaiOTCII npe.nBapHTenbHO 

p min - KMnynbC, COOTBBTCTBYIOI..UKA CKOpOCTK {3 0,01, r.ne 

dp 

df 

2 2 ah 
P ~ m ) (fn p • B (--2- -, 

P m 

2 
p 

~ 
g I . 

npK ~TOM no.n6apa10TCII TOnbKO OnTKManbHble 3Ha'I9HHII .!lnll HanpaBnBHHSI KMnynbCa, 'ITO 

3Ha'IIITBnbHO yCKOpliBT npouecc CXO.!liiMOCTH ( a TaK>KB yny'lwaeT TO'IHOCTb B onpe.nene

HHH HanpaBneHHR), 

Heo6XO.!lHMO OTMBTHTb, 'ITO nporpaMMa o6pa60TKH C.!lenaHa B pBC'I9T9 Ha TO, 'ITO 

senHliHHhi 8 H g B 'ln&He, Y'IHTb!BaiOI..UBM TOpMO>KBHHe ( 14) 0 TBK>Ke MOryT HaXO.!lHr-

Cll H3 TpBeKTOpHb!X H3M9p9HHi!, 0.nHaKO npH MBCCOBOM C'I9T9 HaXO.!lHnHCb TOnbKO {3 

(J q, npH ¢HKCHpOBBHHbiX 3HB'IBHHRX B g 

§ 15. Aaana3 TO'IHOCTH onpe.neneHHR HMnynbCOB H yrnoB 

a) BnHIIH'ae TOpM03Hi.Ix napaMeTpOB 8 H g Ha TO'IHOCTb C'IBTB 

B nepBOM cny'lae TO'IHOCTb 

TO'IHOCTH H3M9p9HHSI .nnHHbl Tp9l 

HO 4%, 

Bo BTOpOM cny'lae TO'IHOC't 

.nnHHbl np09KUHK Ka nnocKOCTb : 

Jf 

ID 

'~ 

zo 

lo 

/D 

f 

t.P-j 

·. 

.. " .. ... . . 

Pac. 11. 3aBHCHMOCTb 
8 H g CHa'lana 6blnK paCC'IHTBHbl T90p9TH'IBCKH Ha OCHOBaHHH HMBBWHXCII .!lBHHbiX B HHT9pBane 

0 COCT8B9 ra3a, HanOnHSIIOI..UBrO KBMepy, 3aT9M ~TK U8paloi:9Tpb1 yTO'IKllnKCb 3KCnepHMeH-

T&nbHO nyTBM 06C'I9Ta C p83nH'IHbiMII Ka6opaMH 8 H g O.!lHHX H TBX >KB .!lnKHKbiX 

cne.noB '18CTKU, OCTaKMnKBaJOJ..UKXCR B xaMepe. Ta xoM6HHBUHR 8 H g 0 XOTOpaR 

.llaB&na KaKMBKbWIIi! tPYKKIIKOKan K MKHHMBnbHbiB R I 1 CttHT8n8Cb HCTHHHOI: • 

TopM03Hble xoaq,<PauaeHTbl B H g no.no6paHbi c TO'IKOCTbiO He xy>Ke 5%. VIa-

M9H9HHSI 8 H g B ~THX npe.aenax npHBO.!lliT K H3M9H9HHIO 3HB'IBHHi! HMnynbCOB K yr-

nOB npHM9pHO HB 1,5%. 

B) To'IHOCTb onpe.neneHHII HMnynbCOB 

VIMnynbCbi 'IBCTHU onpenenRJOTCR .!lBYMR pa3HbiMH cnoco6aMH: no npo6ery, ecna 

tt8CTHU8 OCT8H8BnHB89TCH 1 H flO KpHBH3H9 1 eCnH q8CTHU8 He OCT8H8BnHB89TCH B K8Mepe. 

30 

l-13 pHC. cne.nyeT, 'ITO .lll 

npH .anKHs npoeKUHH Ha nnocx< 

Jlnll KMnynbCOB 80-100 , 

a TO'IHOCTb B 1% AOCTHraeTCII 

Jlnll H9XOTOpblX Tp9KOB, 

H no npo6ery, H no KpKBH3He. 

c) To'IROCTb onpen 

Owa6Ka a onpe.neneaHK 

cxnBAbiB89TCII H3 OWH6KH B n 

R3M9pHTenbHOA ~8~ H OWR6 



>KHo ynpMn>IT.b c nyn.bTa, Ha 

8 bl6poc, TO'IHOCT.b, no AOCTH)t(e-

<9Tp08 {3 (J ¢ ' 'IKe-

10 OT .OOCTHI!HyTOA TC'IHOCTH, 

nyn .bC a p H8XO.OHTCH H3 Ta6-

p) 
C'IHTBIOTCH npe.Q88pHT91l.bHO 

I , r.oe 

g 1 • 

111 Hanpa8neHHH HMnyn.bCa, '<TO 

Y '<WaeT TO'IHOCT.b 8 onpe.oene-

.o e n a Ha 8 p a c'<eTe H a TO, 'ITO 

e ( 14 ) , T 8 K)t(9 MOI"'yT HBXO.QH'J'

T e H BX O.OHIIHC .b TOII.bKO {3 

::oe H yrnos 

g Ha TO'IHOCT.b C'1 9 TB 

)C HOB4HHH HM9BWHXC H .0. 8 HHbiX 

eTpbl YTO'IHHIIHC.b s xcnepHMeH

O.O HHx H T9X )t( 9 .OIIHHHblX 

UHSI B H g , KOTOpBSI 

~HTBnBC b HCTHHHOA. 

T O'IH OC T.bro He xy)t( e 5%, Ha-

110 3 H 8 '19HHA HMnyn.bCOB H yr-

o 6 aMH: n o npo 6 e ry, ecnH 

0C T 8 H BBn HB 89 T C S1 B K BM e p e . 

B nep80M cnyqae TO'IHOCT.b a HMnyn.bCax aa8HCHT OT TO'IH OC TH napa M e Tpo a B H g , 

TO'IHOCTH H3M9p9HRSI .OIIKHbl TpeKa ( 0,2 C M) H CTpernKHr8 H COCTaBnH9 T n pH61!H 3 HT9 ll.b

HO 4%, 

Bo 8TopoM c nyqae TO'IHOCT.b onpe.oeneHHH RMnyn.bCa, 8 n e p8yro oqepe .ob, aa8HCHT OT 

AIIRHbl np09KUKH HB nnOCKOCT.b xy. 3aBRCRMOCT.b 3T8 nOK838H8 Ha DHC , 11, 12, 

10 

zo 

If 

"' ·. 

.. _ .. ... . . .. . . 
10 15 ~0 

PHc. 11. 3aaHCHMOCT.b TO'IHOCTK onpe.oeneHKH HMnyn.bCOB no KpHBHaH e Tpe x a 

8 HHTepaane 60-80 Maa/ c OT .onHHhl npoexuHH Ha nnocxocT.b xy • 

H a pHc. c ne.ayeT, 'ITO .01111 HMnyn.bC08 60-80 Maa/c TO'IHOCT.b a 10% .OOCTKrae TCH 

npH .D.llHH9 npoeKUHK Ha nnOCKOCT.b xy * 4,2 CN, 2% npH • 6,5 CM H 1% npH fxy ~ 9 CN, 

Jln11 HMnyn.bCOB 80-100 M a a/c TO'IHOCT.b B 10% .a.oCTHraeTcH npH f xy • 4, 7- 5 eM, 

a TO'IHOCT.b 8 1% .oocTHraeTCH npH f xy ~ 10- II CM. 

JlnH K9KOTOpb!X TpeKOB, OCTBHOBKBWHXCII B KBMepe, HMnyll.bCbl 6blllH on p e .aeneHbl 

H no npo6ery, H no xpH8113He, 06a peayn.~>TaTa xopowo coana.a. a nH 8 npe.oenax owK6ox. 

c) T O 'IRO C T.b onpe.oeneHHSI yrno8 

0wH6Ka B o npe .oeneHKK yrna M9.>K .OY npOTOHBMH OT.O B 'IH H ny'IKOBbiM tT - M930KOW 

CKll 8 AblB8e TCSI H3 OWH6KH B none H a npa8ne HHA n y'IK OBbl X 'IBCTSIU ti8 °1 • 0,3° , 0WH6KH 

0 0 
H3M9pHT911.bHOA !18 2 H OWH6KH ti 8 

3 
, B03HHK 8101U9ft Ha - aa n o Te pH H 8 '18 1l b H OI"' O OTpea-
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Ka Tpe Ka ( HeO.llH03H8'1HOCTb B onpe.lleneHHH nepsol TO'IKH H3MepHTenRMB), BenH'IHHa aTO

ro TepH9MOrO 0Tpe3K8 COCTaBnHST He 6onee 0,2 CM, 

15_t>P'/. 

ID 

1! 

20 

Hi 

ID 

5 
_. 

.• . .. ·. - .. ··.. . -: . . t.v (<~) 

• JO 15 20 

Puc , 12. 3asHCHMOCTb TO'IHOCTH onpe.lleneHHH HMnynbCoB no KpHBH3He 

Tp9K8 B HHT9pB8ne 80-100 ~aB/C OT .llnHHhl npOeKUHH H8 

nnOCKOCTb ~ 

B nepecqeTe ua rpa.llyChi aTo cocTaBnHeT 

1':!.8 
3 

- 1,1° .llnR HMnynbCOB 35 ~as/c, 

Ml
3 

1':!.8 3 

0,7 ° 
0,6° 

50 ~as/c, 

65 ~as/c. 
----;;o"o--'o" 

Pacnpe.lleneHHR owu6oK V 1':!.8 1 + 1':!.8 2 B yrnax .llnR '18CTHU c paanH'IHhiMH HMnynbC8MH 

npHB9.ll9Hbl H8 pHC, 13, 14, 15, nonH8R OWH6K8 B onpe,lleneHHH yrna B Cpe.llHBM COCTaB-
0 __ 0_2_ --0.- ---o-2 0 

nReT 1':!.8 = v!:RJ 1 + 68. + 68 3 -1,435 • Yrnosol paa6poc npOTOHOB OT.ll8'1H B on biTe no 

ynpyroMy pacceRHH~ " Me30HOB H8 npOTOH!IX OTHOCHTenbHO KHHBM8TH'I9CKOI KpHBOI 

COCTaBJIHQT B Cpe.llHQM TQ)I(Q ~ 1° ( pHC, 16), 'ITO H8XO.llHTCR B COOTBBTCTBHB C UH~ 
poll 0,80 • 

.ll) ToquocTb uaMepeuul Koop.llHHBT 

Paa6poc B 3H8'1BHHH KOOP.llHB8T npH MHoroKp8THOM H3MepeHBH O.llHOI B Toll )1(9 xo

powo BH.llHMOA TO'IKB COCTaBnHeT: 
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WapBH8 TpeKOB 50 j.tk ua nnE 

" 

VJ 

VI 

to 

.. 

PHc. 13. Pacnpe 

yrnos , 

nynbCo 



HaMepHTenHMB ), BenH'IHHa a ro-

dllYnbCOB no KpHBH3He 

lnHHbi npoexuaH a a 

C paanH'IHblMH HMnynbC B MH 

HH yrna 8 cpen HeM COCTSB-

YrOHOB 0T.Q8qH B OllbiTe no 

10 KHH8M8TH'I8CKOI KpHBOI 

ITCH 8 COOT8 8 TCT8HH C UH¢-

peHBH onaoA H T o l >Ke xo-

w 0,02-0,03 CM ] 

w 0,02-0,03 CM 

w 0,1 CM 

B npOCTp8HCTBe 

W11pBH8 TpexoB 50 l'k Ha nneHxe H 0,5 MM B npocTpaHcTae. 

., 1 a.·~-+ eo" e.u, t:. ~ 

02 0 2 
PHc, 13. PacnpeneneaBe owH6ox ..; l'>PJ 1 + 6.8 

2 
B onpeneneHHH 

yrnOB llnll OCT8H8BnHB8JOWHXCll RpOTOH08 0Tll8'1H C HM

nynbCOM 35-80 M a a/c, 
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02 02 

Pac. 14. Pacnpe.ueneHHe OW HOOK v Ll. e l + ~8 2 

B onpe,aeneHHH yrnoB ,anSI H90CT8H8BnHB8101UHXCR 

npoTOHOB OT.ll8'UI c HMnynbCOM 60-80 M<>elc. 

e) J.1.ueHTHcpHK8UHll '18CTHU 

3aall npooer q acTHUbt, pa.uayc KpHBH3Hbt ee TpeKa H nonb3yllcb TeM oocToliT enbCTBOM, 

ttTO ypaaHeHHe .naH>KeHHR aapsoKeHHhiX ttBCTHU a MBrHHTHOM none y'IHTbiBBeT TOpM03Hbie 

noTepa, MO)f(HO c noMOWbto onacaaaoll nporpaMMbt ooc'!eTa cne.uoe a.ueHTHcpauapoeaTb 

'18CTHUbl C p83TIH'IHblMH M 8CC8MH (npOTOHbl, .ueliT':>Hbl, TpRTOHbl, anb¢a-'18CTHUbt), 

JlnR H.lleHTHcpHK8URH MO)f(HQ HCTIOTib30B8Tb BeTIH'IHHy CJ = ,;·__!!_ ( <!> - cpyHKUHOHan , 
n-3 

KOTIH'IBCTBO TO'IBK), KOTOp8ll B cpe.U HBM HMeeT onpe.ueneHHOe 3H8'1eHHe "o , ecnH 

HMnynbC qacTHUbt C'IHTSeTcR npa acnonb30B8HHH ee coocTaeHHOll Maccbt, Ecna )f(e on pe.ue

neaae HMnynbCS npOHCXO.llHT C HCTIOTib30B8HHeM OWHOO'IHOll MSCCbl ( HanpHMep, .llTISI n po-

TOHHoro cne.ua a c nonb3yeTCR Macca .ueliToaa), T o nony'leHHoe a <> TOM cnyqae a "o 
3TOT MeTO.ll 'lyBCTBHTeneH, ecnH npOOKURH c ne.UOB H8 TITIOCKOCTb XY He oqe Hh Manhl, 

8 cne.U bi H90CT8 H 8 BnHB810WHXCS1 '18CTHU 1 KpOM e .O.OCT8T0'1HOA B9nH't{HHbl np09KUHH, HM9JOT 

p8.llHYC KpHBH3Hbl He Oonee 30 CM. 
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Pac. 15. 

Ma)f(HO a.ueHTH c:j:JauapoE 

KpaaH3 Hbt a npooer a .unll q a• 

PyKOBO.llCTBO p a ooToll 

C8HHe 38.ll8HHSI .llTISI nporpaM 

OOTKH 3KcnepHM eHT8TibHbtX .u 

~a. no.unporpaMMY .UTili cqe 

A .V1.Po.uaoaoe. B l<a.ue pHH 

B.<l>pawoea, 



02 02 
1, + ~e~ 
0CTBH8BnHB810IIlHXCSI 

M 60-80 Mas/c . 

Onb3yRCb T9M 06CTOS!T9nbCTBOM, 

n one y'IHTbiBB9T TOpM 03Hbl9 

Cne!lOB H!l9HTHtPHUHpOBB Tb 

•Hbl, anb<j:>a-qacTHu btl. 

' = V ~ ( <J> -q,yHKUH OHan 
n-3 ' 

teHHoe auaqeaHe 00 , ecnH 

Hoa Maccbr . EcnH >Ke onpe!le

.. accbl ( HanpHMep, !lnsr npo-

Ioe a 3 TOM cnyttae a 

::>CTb XY 

a 
0 

Be11HqHHbl llp09KUHH, HM9JOT 

" 

10 

5 

PHc. 15. Pacnpe!leneHHe owH6oK 
02 0 2 

..;~ e. + ~e ~ 
B onpe.a.eneHHH yrnOB .ll11H H€0CT8HaB11HBBl01.UHXCH 

npoTOHOB OT!l B 'IH c HMnynbC OM 80-100 M 3 s /c . 

Mo>KHO H!leHTHcj:JHuHpOBBTb OC T BHBBnHBBKHUHecsr 'IBCTHUbl H no cooTB9 T CTBHIO pa!lHyca 

KpHBH3Hbl H npo6era !lnH 'IBCTHUbl C !lBHHOll MBCCOl!, 

PyKOBO!lCTBO p a 6oToll no npo rpBMMHpOBBHHIO, paapa6oTKy MeTO!lHKH C'I9TB H HanH

CBHHe 3B!lBHHS! !lnH nporpB MMHpOB B HHR ocyweCTBnRn H.H.Ioso pyH. npo rpBM My !lnR o6pa -

60TKH 3KcnepHM9HTBnbHblX LlBHHbiX COCTBBHnH l-1.B.n onos a , n.A.CMHpHOB B H T .B.Pbrnbue-

1!8· no!lllp orpBMMY !lnR C'I9TB KOppenRUHOHHOl! MBTpHUbl HBn HCBnH 6,B.<t>eoK,' HC TOB H 

A .l-1.PO!lHOHos . B l<O!lepHH3BUHH no!lnporpBMMhl BHHTo a o a nHHHH npHHHMd na y'IBCTKe 

B.<l>pHWOBB. 
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Haw npBliTHO Bblp83HTb 6naroaapHOCTb Y!,B,l{yaano H n.l!a6ny 3a y'laCTBe B o6cy>K

ll9BBR tPB3B'I9CKOI R MaTeMaTH'19CKOl! UOCTaHOBKH 3alla'IH, 

Mb1 npH3HaTenbHbi B,Y!.MonocTBOBoll, C,M,PyMHHueaoll a na6opaHTaM H3MepaTenb

aol H npocNoTpoaol rpynn 3a o6pa6oTxy MaTe paana, a TaK>Ke coTpyllHHKaM OTaenoa 

3KCnnyaTaUBH aneKTpOtPH3H'I8CKOll annapaTypbl H CHHXpo¢a3aTpOHa 3a 3KCn03HUBID KaMepbl 

a ny'lxa " - M930HOB H coTpyllHHxaM Bbi'IHCnBTenbHOro ueHTpa 3a o6c'leT Tpexoaoro Ma-

Tepa ana , 

drJ 
dA 6 
-~0~ 

-JO 

-20 

-10 

-3 -2 ·i 0 1. 2 3 It .A= 9- 9/luu . 

Pac. 16. Pac npeaeneaae ynpyrax npoToaoa OTllB'IH no 
aenHqHH9 OTKn OH9HHH OT KHH 9 MSTHqeCKOA KpHBOA . 
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