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BraAHMHp HaKOJiaeBHR JIJiliTPlIEB 
JleoHKfl KBaHOBHR KAHT0BHtŁ 
AnaT ojuitt reopraeBHł Kyp^KMOB

ropHH» HHClHiyi KocKBa, CCCP

BEPOHTHOCTHAH SMimPHKO-MATEMATHHECKAfl M0J1EJIB 
.HHHAMHHECKOa CHCTEMH TOPHAH MAHMHA-MACCKB"

PeąioMe. B cia ib e  npe^JioxeH sepOHTHoeTHHii smhhphko—MaieMarzRe ckh£ 
ueioA MOnejwpoBaHHA #HHaMHEecKoii OHCTeMH "ropHaa MainKEa—uaccHB"9 
HAea k o t  oporo b czenyionteM. HHHaMHKa ropHnx icamHH onpe^erHeToa He
T O J I B K O  C O O C T B e H H H M H  H H e p U H O H H N M H ,  y n p y r H M H  B  f lB C C H n a T H B H H M H  C B O S C T B a  -  
M H , B O  E  r a p a K l e p H C T H K a M H  M a O O B B a  T O p H h D C  n o p o f l ,  C  K O T O p H M H  O H H  B3a~ 
n M O , a ; e i i c T B y x ) T .  H H H a M H H e o K y i o  c H o i e M y  o H S H a n a j i b H O  H e c k o j i b k h m h  c T e n e a s -  
m h  c b o O o h h  p a S o n e r o  o p r a H a  m o s h o  n p e a c i a B H T b  a u n a p a K O - M a T e M a T H R e o K o i *  

M O H e B Ł B  C  O f lH O i i  O T e n e H Ł J O  C B O S o A H  H  C O O T B e S C T B y tO U B M  R U C H O M  B e p O H T H O C I -  
H H K  K 0 3 ( p c |) H p H e H T  O B  K H H e M a T H R e C K H X  H  C M O B H X  C B . ! i 3 e 8 .  y K a 3 a H H h ! 6  K O B $ $ H “  
U H e H T H  x a p a K i e p H 3 y i o T  B e p o H T H O C T i i y »  n p H p o A y  f l H H a M H H e c K o i ł  C H O i e M H  " r o -  
p H a a  M a m H H a - M a c o H B " ,  M o r y i  6 h t ł  o n p e s e r e H h i  o n o u o ą f c »  l e o p n a  M a H B p o -  

B a H H H  M H O r O $ a K T O p H M X  O K C n e p H M e H T O B  C  H O C T a T O R H O i ł  A O B e p H T e S Ł H O f t  s e p o -  
H T H o e T b B  h  H c n o H B 3  0 B a H H  b  M a T e M a r i i R e c K o i ł  M o ^ e j i H  x s s  p e m e B M  3 a n s * f  
aHajiH3a h CHETesa ropHuac itasiEH.

iEKOMBKa ropHur Mambh onpeneHaeTCH ho tojtłko co6czb6hhhmh Hsep- 
KHOHHUMH, ynpyrHMH K £HCCHnaTHBHHMII CBOftCTaaaH, HO B MeXaHHieCKHMH 
xapaKTepncTHKaMH uaccisaa, c kotopkn ohh BaaEMOAeaoTByBT. Orsbhhho, 
r to  pacneia XHHaMBHecKax napaMeipoB ropnofl MamHHH nysom He npooio 
MexaHHRecKHe xapaKxepHCTHXH isaccKsa, a peaKHHH MasHHH aa to  kxb hhoc 
fleiłoiBHe. KaKHe napaKeTps MoryT xapaKTepH3obstł peaKiiHB ropaoft uamtttu 
npz pa3pymeHHK u accsaa , KaEeoTBeHHHS x  KOJiHReoTBeHHHft ananas othx  
napaMeipoB, bzr  e  $opMa Moaeaas e spyrne Bonpoou hbjihstca  rrpe^Me- 
TOM flaHHOit CTaTBB.

IlpBHHTO ORHTaTb, ETO TOpHaB MaifiHHa - 3TO AHKaMHReCKaK CHCTSMa O 
HeCKOABKBMH CT0II6HHMH CBOSOAH. MHCZtO CTeneHeft CBOOoHH OnpejieJŁHeTO* 
oSodĄeHHHMH KoopxBHaxaMB s b b m k k h  paOoRero oprana. HanpHMep, Oy—

poBoro ci&Hxa (pac. 1) i yrzoBoe H nocTynaiejibHoe X= zbhscshbe 6ypo-
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Boro craBa; flafi poTopHoro KOMÖaüKa: yraoBoe nepeMejqeioie poTopa, 

yraoBoe nepeMeąeHHe CTpeira, nocrynaraJiisHoe X|. nepeMemewie aKc- 

KaBaTopa; fías npoxofluecKoro KOMÖaflHa: yraoBoe ^  nepeMerçemie $pe- 

3H, yraoBoe nepeiiememie pyKOHTH b EepTVtKajibHofi a ropn30H- 

TaabHo» ojiockocthx, nocTynaTexbHoe nepeueąeme $peabi, nocTyna- 
TejrbHoe ÿfe nepeHemeHHe KOMÖaÄHa; fljia ^oCwmoro KoMöaüHa: yraoBoe 

nepewemeHHe $pe3B, yraoBoe nepeMeąeHHe pyKoara, nocrynaTeatHoe 

nepeueąeme KOMÖaßHa. OflHaKo, same yxaaaHHae jrHHeßHHe h yraoB- 

ae KoopnimaTH hbjihbtch 06oÖmeHHUMH ^o onpeneaeHHoro uotieHTa- Hanajia 

BaaEMOfleScTBHa paöo^ero oprana Matan hh c m&cchbom, MaccHB asaaefca  

TSM cBa3y*3DpiM 3B8H0M, icoTopoe B KopHe MeHaeT flHHaMJTjecKyi) cirryaipno, 

BoaHHKaeT 3aflaqa aanaMM^ecKoro anajmaa m cHHre3a KowiaeKCHoÄ CHCTe- 

m  "ropnaa MaraHa-MaccHB".

B nepaya onepeflb HeoÖxoflWMo BBecra napawerp, xapaxTepH3yniqHfi kh- 

HeManraecKymcBaab wea^y H3Haqajn>H0 oÖoÖtneHHHMH EoopflHHETaMH. Ibay- 

WM 3to t impaMeTp, nanpHMep, ęxsi öypoBoro ctbhke (p a o .!) . Hofl aeB- 

CTBHeM BKemHKX CHJIOBHX $aKTOpOB, B SäBHCKMOCTH OT flHHaMíTOeCKHX CBOM- 

CTB CHCTSMa "öypoBotö CTaHOK-MaccHB" na eflHHHuy yraoBoro nepeMeąeHHa 

d 'f t  KMeeT MecTO onpeaejieHHoe jnmeÜHoe nepeMenteHHe d >/£ paöouero 

opraHa : ¿  d  _

. ~ 0 “ ~ — ~ ~ ~ ~ - " - ~

rge K y  - K03$$npneHT KHHeMaTHHecKoß c b h s h , HMemiprii BepoHTHOCTHy® 

npHpofly. Eerai npe^nojiosHTb, '«to Koo^npiteHT KÇ- He 3sbhcht ot upeue- 

HH, to 3aBHCHM0CTH (I) MoryT ÖHTb ynpoiqeHH Öe3 noTepH cwacxa:

~ í k r  i % ■ *  . <*)

AnajionraHHe (pyKKuncHajibHHe KtraeMaTiraecKHe 3aBHCHMocTn uoryr ÖHTb 

nojty^eHH h ,ïï,jîh ßpyrax ropHax MaatHH. OpuHMMan 3a apryMeHTH yraoBue 

nepeMeiąeHHH poTopa u m  $pe3a , nweeM :

AJiH poTopHoro sKCKaBaTopa :
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$ % r  '» * ô*> ¿efe;
= 2 ^ = ^ § S | » ~  (3)

■ '  P i  3 b ........................

f lj ia  n p o xo s^ ecso ro  so iflS a fe a :

ana ÄOÖHUHoro KonÖaÄHa:

% *

ypaBHeHHH RBHæeHHH pedalero opraaa ropHoft M a m m a  Moryr Öh t b  noay- 

qera c noMonibB ypaBHemia Æarpaioca BToporo posa [il :

<6’
rae T - RKHefsraecKaa BHepriifl cHOTeiai; II - aoTeHiptiuibHaH gHepnia cne-

"ZS
rew a; G ^ y  oßoö^eHHHe c u m  c h c t s m h ; ^  -  oßoÖpeHHae so o p n ü B a w .

PaccM O Tpm i öonee nospoÖHo sHHCMHsy öyposoro CTam ta ( p a c . I ) .  flpH - 

BosKM n ap au e rp u  B p a ąaT e jib H o -n o sa sąe ro  u e x a is is a a  k  Beflyapœi sbsh łhm  sp a - 

EjeHHH ^  h  noflaw ? *(rh , a  T a sse  * paßo^ eay a ssH y , coBepaaiæ ieiQr flß a  

SBHxeHKH B HanpaBJteHMH KOOPSHH&T H . BoCIIOSb3yHCb KKHSMaTiraeC- 

KHMH 3aBHCKM0CTBMH ^  = ^ * Í 0 ?  » W  H f  C-1 *

Ujífe - nepesaTOUHHe oTHomeHHH MexarafâMOB b païens» h noaa®¡ cootbctc- 

TB6HH0, noayqaew Bapaserase SHHerauecxoft eHeprHH b bu h ®

r«e $ b j ( § +
C noMoąbB SHHesiaTireecKKx CBS3eö Tima ( I ) ,  soaHHsaœpx b npoqeoce
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pa3pymeHHH M&ccHBa, Bupaseroie KHHeTiraecKoíS sHeprHH (7) m o s h o  Epeßc- 

T&BHTŁ B Bipie

T  =  z T - £ • (8)

BbipaaeHHe (7)oiipeflenHeT KMHeTHuecKyn sHeprmo BpaiqaTenbHo-noflaainero Me- 

x&HH3Ma npH cboóo^hom flBHxeHHH, a BHpaEBHKH (8) -  npn paapymeHHH Mac- 

cKBa (padoqaft npopecc). OqeBKflHo cyirçecTBeHHoe bothhhs Koa$$nifl!eHTa K y  

aa BejEnoray KHHeTiraecKofl aHeprai.

ÍIoTeHunajibHaH aneprHH cHCTeim pasna Hyjno (11=0), t.k. he nepBOM aTane 

KCCjieflOBaHHH He ywpHBaeM fle$opaamro 3BeHbeB h nHcennaTHBHHe cbo¡5ctb&« 

OdotímeHHaa cmia b HanpaBneHHH KoopnuHaThi \l \ :

Ife-} "¿1? l $ & p  ~ j ^

rfle
-  U * & -

C yneTOM noejie,uHHx BBipaaceroifl nweeM

P iXCj ~  P^ÿ:nçj— pí£ -*- (10)

rae , Jj£< - cmn nBHxyrçHe h conpoTHBjieraft MexanH3Ma n o ^ a w ,  ,
H£l - M0M6HTH CHJI flBHJltyipX H COnpOTHBaeHHß MexaHH3Ma BpaąeHHH.

¿ÍHajrH3Hpya npapo^y cun j^t m momshtob can M L corrpoTHBaeHHi) abh- 

aeHHD pado^ero oprana CTamca b Mácense ropHHx nopojt [ 2,3} , npKxoflHM 

K BHBOfly, tlTO OHH HBJIHBDTCH $yHKHHHMH CHÆOBHX, KHHeMaTIFîeCKHX, reOMeT- 

piraecKHx napaiieipoB CTamca h MexararceeKHx xapaxTepHCTHK MaccHBa. Moryr 

ÖHTb npejptoseHH cjienyBąiie 3MnHpHtiecKne 3aBHCHM0CTH

M t  - VÇiM y
r^e Kp. , K  M -  Koa$$HUneHTH cjmobhx CBfôefi MexaHiraecKHx chctbm era--

~~ c- “
mea c MaccHBOM, HMeioT BepoHTHocTHyra CHCTeMy npHpony; c)^ - flwaMeTp no- 

noTa (HHCTpyMeHTa). OwnupiraecKKe ęopMyjiK (II) moscho yTo^iHHTb no Mepe 

HeoôxojtHMOCTH yneTa spyrax $aKTopoB, oflHano $yHKifl40HajibHHe cbh3H Pc. 

h M 0  HMM onpenejieHH. C yneTOM aMnitpiraecKHx 3aBncnuocTeß (II)KMeeM 

cnenyæqee BHpaseHHe ododąeHHoił chjih:
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_  u  ■  j i / g ® §  + ^ 4 .  ( I 2 i

IbscTaBHB BHpMteHHH (8) a'(12) b yp&BHeHHe (6), noay^aeii ypasneHue

s B m e m m  paConero opr&Ha fiyposoro CTanna b aaccHBe:
 ̂ ~ r ^

a ^ l d ł  (I3)

HHTerpHpoBaTb KOTopoe moxho rrpu cjie,nyi)tąKx HauajjbHwt ycjioBHJfir;

npw i = Q  = U ; o pvłi =  ̂  *14)

rfle >Tłb: - cKopocTb R B r n e a m  p&Óonero oprana b MaccHBe. ifarerpaa 

ypaBHeHHH (13) H&ree? BHfl

i,-; s\  a ł . ,I5)

5 3§'(ii>' +ni5 )
H3 ęopMy^H (15) mosho onpejieaHTb Heo&coflHWHe cwioBHe h iiaccoBue napa-

MeTpK, Heo6x03HMHe #JIH £OCTHXeHHH 38flaHH0i) CKOpOCTH <5yp6HHH \^o) B 

teneHHe BpeuenK i(*| -  BpeMerai BHxo.na Ha pesHM (pac.2 ).

(flpraymaH cmia §\(i) h iioiieHT flBMsynptt cm  onpepejiHioTCH xapaic-

TepncTHKaiiH flBHraTeaeii U6xaHH3U0B noflann h BpaąemH, KOTopae neo6- 

XOflHMO 3H&Tb npn HCCJtteflOBaHKH HHTerpSJia (15) HJIU MOSHO HX CHHTesHpO- 

BaTb, aaflaBaacb ycxoBHiain h .

PaccMorpm* cynpocTb ainrapiniecKroc X03$$niiH6HT0B , j ( p ,  K,^,. 
Hcnojib3yfl smhchmocth (I ) h ( I I ) ,  Haxonmc

(Ig )

=  p .

fyia 3KcnepnMeHTajibHoR operat» K03$$HPHeHT0B j i ^ ,  _Kp, ji-ft npHMeHHM Te- 

oprao MHoro$aKTopHoro miaHHpoBaHHH [3 ,4 ,5 3 . ® KanecTBs $aKTopoB Kcno- 

jibayeM ycmrae nonanH , yrjioBys CKopocTb dypoBoro CTSBa ,sg J ' , sjumy 

óypoBoro CTaBa {/£ , flHaweTp aojioTa dk) , KOTopwe BapbHpyeM b oirpene- 

aeroacc (peaxbHHx rjm kohkp6thhx dypoBKx ct8hkob) npe^ejiax, h& onpe- 

ne.ieHHOM tmcxe ypoBHeft, napaMeTpH npopecca caenycrąHe: momsht npHBOfla 

BpaneHHH CTaBa H{Q (miH MOUJHOCTb P/^))* CKopocTb SypeHHH \Tp , K03$$H- 

PHShth Kjft, K fi ) , npHBeseHHHe aBratymaa o w a  w cHjia conpoTHBaeHMfi, 

nojayneHHHe H3 BnpaxeHHH (12) ,  cw ra a  :
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(17)

MdĘHocTb npHBoaa nocami:

3Hepr06MK0CTb ÖypeHHH: |  = /  l\T| < ^ | ' / li ) ]  •
ÍIporp&MMa oKcnepsmeHTOB ctpohtch cjieixym¡,m 06 pas om : iJaKTopu chcts— 

HU BapfeHpynTCH Ha 4x HJIH 5 ypOBHfiX H 3aBHCHMOCTH OT 3ąHaHH0fi TÔ HO- 
CTH pesyjibTaTOB [3, 5] .  H3 $aKTopoB ycHjiHH noflatffi JSfr, yraoBoił cko- 

pOCTH (qaCTOTH Bpâ eHHH) CTaBB !Û̂ \ , flJIHHH CTasa (rjiyÖHHH CKBaacHHH) £ 

$opMHpyeTCH jiaTHHCKHÎI KBaupaT nopHflKa 5x5 (Taöji.I); Bapnamm pnaMeT- 

pa aoflOTa ( HHcTpyMCHTa ) onpeaejifleT jiaTHHcraft Kyö, a BapnaiyiH xapa- 

KTepHCTHK MaCCHBa ( f J4 ) “ II8K0T JIETHHCKHX Ky(5OB.
Taßjmpa I

UporpaMMa sKcnepKMSHTOB (jibthhckhä Kyö)

! d
! -4a«

âi_

! <d<i2
J j Ë Ü _

TjiyÖHHa CKBaacHHH, m! 

y cH jw e  no flanH , k H !

?§ f tfe ! iłi ! ! J é
- = r

J"6ł' Û/ÇT ! @f?': * COÇb ! (Qfz.
J~0i (0 £i ! 0  ̂ ! (ÛÎ5 ? 6X 3
Fob' ! foci ! Ou O&y ! tût 4
fm. Oct ! u)
fęs, Of s' ! oOcs ! OÇ3 Oft ! OD

TaKHM 00pa30M, laTHHCKHR KBPUpaT COflepsHT 25 OnHTOB, BBTKHCKHfi Kyö- 
25x5=125 oriHTOB, a naKeT jummcKHx Kyö ob— 125x5= 625 o h h to b , Ecjih yMe- 

HbmHTb tjHCBo ypoBHeñ no 4x , t o  cooTBeTCTBeHHo KMeeM: 1 6 ; 64; 256, ho 

TÔ HOCTb pesyjibTaTOB öyneT MeHbmeñ [2 ,3 ] , 3KcnepHMeHTH, npoBąneHHHe 

corxasHO nporpaMMe (T a ß jr .I ) ,  n03B0jiHBT nojiy® rrb cooTBeTCTBymjKe o iih t-  

mie 3HatieHHH cKopocTeü \j^ J)  h momöhtob flBHraTexa BpająaTeaH (w in

MomHocTeft V )» KOTopbie cBeneHH b TatímmH 2,3 .
IIo $opMynaK (16),  (17) h naHHHM Tatfmnj 2 ,3  npoBOflHM pacten napaMeT-
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P0Bj f e  • 5|ij'i » » ^ V @  » »J(^S • j f e  » K C ^  . 3Ha-
vetiM KOTopHx CBOflHM B Taßjmujj TKna 2, 3

Tatfmma 2.
SKcnepHMeHTajibHHe 3HaaeHH« 

CKOpOCTH ÖypeHHfl

TaöiMpa 3
BKcnepHMeHiajibHHe 3HaaeHHH 

Monpocra flBHraTSjia

f e  ! *  *  *  !  f e > f e  « *  *  * ! f e
. . .  ! • •  •  !  •  •  • • •  •  !  •  •  • ! . . .

f e  ! •  •  •  • $ < ę ś s 'i ü c i í i  ! 1 f e *

Ho 3THM JIOKajIbHHM SKCnepHMeHTSJIbHHM fl&HHKM napaMeTpOB, HCnOJIb3yH T eo- 

pmo MHoro$aKTopHoro ruiaHnpoBaHHfl [ 3 ,5 ”! , nojijraaeM saKOHOMepHocra H3- 

MSHeHHH B saBHCHMOCTH OT (jjftKTOpOB , (Q® , H flp. COrjiaCHO

MoaejiH 3 KcnepnMeHTa, HMeamefi bhh, H&npHMep, rjir mobjhocth flBuraTejifl we- 

xaHH3Ma BpameHHfl:

0,5 p  cf ) ?  £  U g >  j (18)

m e (V|, -  K03$$HpneHT nponopUHOHajIbHOCTH, £?(P), £(W) , UaCT-
HKe $yHKIÍÜH MOD?HOCTH B 3&BHCHM0CTW OT OTfleOtbHHX (j&KTOpCB, KOTOpHe Ha-

xoflHM no MeTOflSîKe, npHBeqeHHofi b Taßjame 4.
Tadaraja 4

MeTOflHKa pac’-íCTa qacTHHx í>yKKunñ mos?hocth P^i..

f e ®í$lííi ! feffls'uí ! ! (F) /íit)

fot J i P s F 1 * • Is ©Isfeíi ! M í f l i u i ! ItCS^T)
• • • • « « • » • ! * * * ? • * •

ics h  fe'í • 1 ' M í í* 't ti hí l f e i s t e !

m m • • ■ z t f e * m h H ' ^ f e M s u '■ h m

“ ■ r 5 í | f e ... i ... ! ...

h m L%;(¡átv) ! t I M  f e

Rur Toro ’-îtoÔh BocnosbeoBSTbcH (JopusyaoB (18),  neoÖxoßHMO onpąne- 

jiHTb cpeflHecTHTHOTinieoKoe aam em e  K03$$HUHeHTa ^  no aoKajibKHu aro 
sHaqeHHHM :

y j  (13)

pfle lyil - aKcnapHMCHTajibHHa sHaueHHH moęhocth .nBHraTeaa (Tad.3);
t í ) -  cooTBeTCTBysmpse aoKajaioie srareeHHa Moapocra (Tada.4).
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Tonta <X  ̂ -  ( 1 /25  ) ( g o ^  • (20)

Pa3Öpoc Qfà\ OTHocjnte^bHo cpąnHecTaTHCTireecKoro aaaneHHß Koa$$nnHeHTa 

Ofo onppneaaeT totjhoctb aKcnepiweHTa. AnajiorHtiHHM cx3pa30M hexo^hm 

qacTHue h oÖfflHe $yHiaptH (Tima (18)) tyiß napaMeTpoB K :̂ , Kfà , k M h 

BP. B 3aBHCHM0CTH ot Hanöojiee 3Ha®aaax $atcTopoB íj¿ ,

H ap. íyHKUHOHajIbHHS 3HaU8HH-H napaMSTpQB HCnOJIb3yeM B M0fl®flßX ropHbix 

MaaiHH, T.e. b smii upiła o-waTewaTiraecKHx Mojteaax, ytmrHBaœntHx BepoßTHOc- 

THyo npKpofly jtHHaMHneeicoK ckctcmk "ropHaß Mamima-MaccHB".

B Ka^ecTBe npnMepa paccMOTpHM peayjibTara aKcnepnMeHTaabHHx hcc- 

aeaoBaHH® tiHHaiiHKH ÖypoBoro CTamca Tana BFA. Ha p u c . 3 npeflCTasjiena 

TitnoBan ocimiuiorpaMMa $yHKitHH MonpíocTH E<̂  flBHraTejiH BpamaTejiß. 3kc- 

nepuMeHT 6uji npoBe^en coraacHO njiany (Tada.5) - jiaTHHCKOMy KBa^paTy 
(panr 4x4). TaM se ^ana aoKajibHHe 3Hanennfl moiuhocth f V u  » cooTBeTCT-

Byrnue çaKTopaM ^  , ?¡£T) , naHHoro onuTa,

=  ~ " Taßamta 5.
Haan sKcnepxMeHTa h aoaajibHue sHaqemiß

MonpiocTH BpanjaTexK

ttú , M 0 ! 5 ! 10 ! 15

J^L -kH ( g Ç U ^ /f ÿ i (K&T)
60 6/16,4 ! 12/19,1 ! 10/13,1 ! 8/17,3
80 8/20,4 ! 6/16,3 ! 12/16.4 ! 10/20,7

100 10/22,1 ! 8 /2 0 ,6  ! 6/14,2 ! 1 2 /2 6 ,3

120 12/24,4 ! 10/21,3 t 8/19,5 ! 6 /2 4 ,8

3KcnepnMeHTajibHHe jtaHHHe (Tafia. 5) onpenejieHK no MCTOflHice, rrpepcTa- 

B^eHHoß b Taöjnme 4, a pesyabTaTK cBejteHH b Taöjmpy 6.

% O Ö H  OnpenejIHTb 3aTpanSHHyiD MOffiKOCTb B 3aBHCHM0CTK OT _P¿) , Ef i H 

0i OJtHOBpeMeHHO HeOÖXOUXMO B0Cn0JIb30BaTbCß Moaejlbto OKCnepHMSHTa (18), 

npejiBapHTejibHO onpenejwB cpejtHecTaracTirqecKoe 3HaueHxe Ko s^ HU ße nT a 

(Xg (1 9 ) ,  HanpHMep, naß  oiiHTa L = I , \ = I  (T a fia .5) nweeM 

a/íll = I6.4 / ^ . 6 • I 6 .3 ♦ I 7 »9) = 2,73.I0~^/( k B t ) ^

A-iajjoriraHo naxonmi turß Bcex ocTajtbHHx onuTOB, a Tateme cpejttjee



BepoKTHOoiHaa aMnapHKO-MaseMasa^acKaa». ,

3Ha^eHHe Kog^MtmeHTa <^=(I/I6)(Î)Q£î̂  =2,82.IG^(kBt )':Ą

Ta6jnm¡& 6
Pe3yabTaTH  otfp&ScTica eK cnepioieH TaabH H x 3Haq»HHÄ ^ e ctk łd c

foTHKLWfi jfeÇ) , ||%g) , jfclQ .

! J§,f |XT\ (J*Sk. S3 i í M »A&VJKSf»)
0 11,215 ti,281 !l ,117 !l,238 14.851 Ü,213 ! 16,3
5 11,310 !l,2I2 Ü.2I5 II.3E6 ¡5,053 ti,263 ! 18,3
10 ti,345 (I.314 !l,152 !l, 420 ! 5,231 ti,308 ! 20,3
15 !l,388 tí,328 ti,290 ti,394 15,400 tl,350 ! 22,3

Ihhil ! 5,258 ! 5,135 (4,774 ! 5,368 ! 5,009 ti,252 ! 17,9
ti,315 ti,284 ti ,194 !l,342 ! 5,152 ti,288 ! 19,4

m ! 20,6 t 19,2 ! 15,6 ! 22,0 ! 5,106 Ü,277 ! 18,9
! 0 ! 5 ! 10 ! 15 t5,304 ti,326 ! 21,2

TaKHM OÖpa30M, WOflejtb (18) umsst bhjx
= 2,82.10 ̂  (_p ) p ^ 10} J^Cj^ ) >

KOTOpyn MOKHO KCnOJTb3OBaTb flJIH päĈ ÖTa MOUJHOCTH npHBOfla BpainaTejIH B 
npeflejiaxBapnaujíñ yicaaaHHHx $aKTopoB (Taöa.5). Hanpmnp, P̂ =l00 k H ,

\ùi =10 c&, l't =15 M - aro cô eTaHHe $aKTopoB b njiaHe ne $HrypnpyeT. 
iiMeew =2,82.10_3.22,3 . 18,9 . 22,0 = 26,15 kBt.
Ho yHa3EHHofi BLtna weTOflHice onpefleaHew 3m m m s  ko3#huh6htob Ky), _Kp ¿ 
K h  apyrax napaüeTpoB, HeoÖxosHMHx npK npoexTHposaHHn CTaHKOB (17). 

MccBeuoBaHHH noxaaajm, t̂o b saBHCKMocTH ot peatHMOB paÖOTH, reoMSTpira 
HHCTpyMSHTa, MexaHMtjeCKMX xapaKTepHCTHK M&CCHBa, K03$$KPHeHTH H3M6HH— 
BTCH b npenejiax: K^=(I... io)io^m, yą-a...5)1 «¡grd...io).

p ~ "
10  c/m . OnpeflejieHHe aMrrapmiecKHx napaiterpoB , bxoäh^hx b ¡mi-arpan 

( 1 5 ) ,  aaeT  bo3mokhoctb pemaTb aafla^iH a e a x a sa  a ck h tg 3B Ha sTana npo - 

SKTHpOBaHMH, OUSHHTb XapaXTepHCTHKM MaOKHEl (pHC.2), ee BOSMOSHOCTH ITOH

pa3fflítjHwx BHatieHHHx napaMerpoB h BHeinHKx yĉ oBHHx.
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BUBOftH

1. IIpejpioseH BepoaTHOcTHHfł SMnHpHKO-MaieMaTHHecKKił Meio^ MOflejrapoBaHns 
AHHauH^iecKoft CHCTeMu "ropBaa M annHa-iłaccHB", b ocHOBe K oToporo H a ea , n o  
^HHaMHKa ropHŁDC MaaiHH o n p eA ejsa eica  He tojilko coGcTBeHmaiH HHepijHohhkwh, 
ynpyrHMH h .SHCCHnaTHBHHMa cso iłc iB a M u , ho h xapaKTepacTHKaMH MaooHBa, c  ko- 
Topnu OHK BaaHMO^eiiCTByKir.

2. ^ H H a M H H e c K y »  c H o ie M y  " r o p H a a  M a n H H a -M a o c H B "  c  n 3 H a ’- ia J iŁ H o  H ecK o.n> K H M H  

c ie n e H H M H  cbo6osh p a G o n e r o  o p r a n a  mokho c J ic C o f t  c T e n e H B io  tohhocth h socto- 
BepHOOiH onH caiB amjHpKKO-MaieMaTHHecKOii mofleabm o o^noft cieneH Łio cboGosłi 
H OOOTBeTCTByjtHIJHM  HHOJIOM B ep O H T K O C T HhŁX eM n H p H H 6 0 K H X  K03iJ)-|lHUHeHTOB K H H e M a - 

TH H eC K H X  H OHXOBHX C B H 3 e i ł .

3 .  BepOHTHOCTHUS K03(5$HUHeHTH KHHeMaTHHeCKHX H CHJIOBHX CBH3eił CHCTeMH 
"ropn a« MamHHa-MaccHB" 3asncHT ot peatHMOB paG oiH , reCMeipnH p a ó o n e r o  o p r a -  
H a, xapaKTepncTHK uaccHBa h n p . ,  uoryT G łit ł onpe^ejieHH o nono«Łio Teopan  
IHaHHpOBaHHH MHOr0$aKTOpHhOC 3KCHepHUeHTOB H HCH0JIB3OBaHH B SMHHpHKO-HaTe- 
siaTHHeoKoS nowenn ąjik pemeHHH 3aflan a n a n a sa  h 0H H ie3a ropHŁcc m3juhh Ha 
s ia n e  npoeKiapoBaHHa a  acimraHHH•
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Pho.

Pxc,

YCU) CTaHKa

tto sa 60 Ï0 '•»“
3. Ocqmwiorpaioia mohhocth ABzraiexs BpaqaieaK Syposofi yczaHOBKH zana

BrA
lc - 15 u; dg = goo lot) Fq = 100 kH j Vn = 0,5 m/m h h .

1 . KEHeMaiHEeoKaji oxeiia  
¿ypoBoro oTataca

Pho.  2 .  PaOonaa xapaKzepnesiiKa öypoBoro 
CTaHKa

V , \ ,c2 ”  aa^aHHHe peaoooi ßypsHHH,

fc1 * r t 2 <
BpeMH Buxo.ua Ha pexHM

- -
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PROBABILISTYCZNY EMPIRYCZNO-MATEMATYCZNY DYNAMICZNY MODEL 
"URZĄDZENIE GÓRNICZE -  CALIZNA"

S t r e s z c z e n i e

W a r ty k u le  p rzed staw ion o  p r o b a b il is ty c z n ą  em piryczno-m atem atyczną metodą 
m odelowania dynam icznego " u rząd zen ie  g ó r n ic z e  -  c a l iz n a " , k tó reg o  i s t o t ą  
j e s t  n a s tę p u ją c a . Dynamikę urządzeń  g ó rn iczy c h  o k r e ś la ją  n ie  ty lk o  jeg o  
w łasne cech y  b ezw ład n ośc iow e, s p r ę ż y s te  i  d y ssy p a cy jn e , a le  i  ch a ra k tery ­
s t y k i  a n a liz  sk a ln y c h , z którym i one w s p ó łd z ia ła ją . Układ dynam iczny z p ie r ­
w otn ie  kilkom a stop n iam i swobody organu roboczego  można p r zed sta w ić  w f o r ­
mie modelu em piryczno-m atem atycznego o jednym s to p n iu  swobody i  odp ow ied n iej 
l i c z b i e  k inem atycznych w spółczynników  praw dopodobieństw a i  w ięzów s iło w y c h .  
P rzed staw ion e w sp ó łczy n n ik i c h a ra k tery zu ją  cech y  praw dopodobieństw a układu  
dynam icznego " u rząd zen ie  g ó r n ic z e  -  c a l iz n a " , mogą byó w yznaczone przy  p o -, 
mocy t e o r i i  p lanow ania w ie loczynn ik ow ych  eksperym entów z d osta teczn ym  praw­
dopodobieństwem  fid u cja ln y m  i  mogą z o s ta ć  w ykorzystane w modelu m atem atycz­
nym do rozw ią za n ia  zadań a n a liz y  i  sy n te z y  urządzeń g ó r n ic z y c h .

AN EMPIRICAL PROBABILISTIC DYNAMIC MODEL 
OF A MINING EQUIPMENT -  COAL BODY SYSTEM

S u m m a r y

An e m p ir ic a l ,  p r o b a b i l i s t i c  method o f  m o d e llin g  o f  a dynamic m ining  
equipm ent -  Coal Body sy stem  i s  p r e se n te d  in  th e  p ap er. Thfe e s s e n c e  o f  th e  
method i s  a s f o l lo w s .  The dynamic p r o p e r t ie s  o f  th e  m ining equipm ent i s  
determ ined  n o t o n ly  by i t s  i n e r t i a l ,  e l a s t i c  and d is s p a t io n  p r o p e r t ie s  but 
a ls o  by th e  c h a r a c t e r i s t i c s  o f  th e  rock  b e in g  m ined. The dynamic sy stem , 
h av in g  s e v e r a l  d eg rees  o f  freedom , may, be p rese n te d  in  from an e m p ir ic a l  
m athem atica l model w ith  a s i n g le  d eg ree  o f  freedom  and a proper number o f  
k in em a tic  p r o b a b il i t y  c o e f f i c i e n t s  c h a r a c te r iz e  th e  p r o b a b i l i t y  q u a l i t i e s  
o f  an equipm ent -  Coal Body sy stem . They may be d er iv ed  by a p p ly in g  th e  
jm u lt i fa c to r ia l  exp er im en t'd esig n  w ith  a s u f f i c i e n t  f i d u c ia l  p r o b a b i l i t y  and 
may be a p p lie d  in  a m athem atica l model fo r  s o lv in g  th e  a n a ly s is  and sy n th e ­
s i s  t e s t e s  o f  th e  m ining equipm ent.


