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[lpeancaoBMe

U3ayyenne GU3MKN B MEJAUMLUMHCKUX BV3aX MMeeT IeJbli PHL 0CO-
OendocTeil. Ilo MHenMIO aBTOPOB, KYPC (DU3UKH B TAKOM By3e HAPALY
¢ pyHIAMEHTa/JBHOCTHIO JOJIKEH UMEeTh UeTKUH «MeIUIUHCKIH al-
pec», T. €. 6bITh NpohuNU3UpoBaHHbIM. [ Ipoduansaiiusg 3aKkauaeTcs
B 0TOOpE MaTtepuana U B UJMIOCTPAILIHY BOIMOMHBIX NPUMeHEeHU N Gu-
3uKHY B MejuiinHe. OHa He TOABKO ABJISETCSI MOTHUBAILMEH JJiA CTYAeH-
TOB B M3Y4YeHHU (HHU3UKH, HO U HeoDXOAMUMA B CBA3M ¢ JJOCTATOUHO Or-
paHH4YeHHBLIM 00beMOM Kypca HDU3UKU B Me/IBY3aX.

OnHa ¥3 MeTOANYECKUX CIOMKHOCTEH JJAHHOI'O Kypca — 3TO coyera-
HHue pyHAAMeHTaJu3aluu ¢ npoduanianueit. B atom onxHa u3 ocoben-
Hocrell yuebuuka. Jpyras ocobeHHOCTH CBA3aHa ¢ TeM, uTo Ouodnsn-
Ka He BblJeJeHA B BUJe OTAenbHOW HACTH, 4 U3JIAraeTCsaA B COOTBETCT-
BYIOIUMX paslenax Kak (pusaMKa »KUBoro.

B kayecTBe BBOJHOrO pa3jena K OCHOBHOMY MAaTepuajgy paccMar-
puBaeTCs BBeJleHUE B MeTPOJIOTHK), DJ1€MeHTsl TEOPHH BEDOATHOCTCH U
MaTeMaTUYEeCKOH CTATUCTHUK M.

ITo cpaBHEHMIO ¢ NPEALIAYILIMM H3JAHUEM y/lajdeH Psijl I71aB (OCHOBLI
KubepHeTHKHN, MexanKa BpaljaTedsl0To JBHMKEeHU A, JICKTPOMATHUT-
Hafd UHIAVKIINS) U COKpAUIeHO H3J0KeHne OT/IeJIbHBIX TeM (TepMoguHa-
MHKA, JJICKTPUYECKHH TOK). YBenuueHa «Ouodusnyeckasa COCTABISIO-
l1lasi»: aBTOBOJIHOBBIE IIPOLECChI, KBaHTOBAA OHOPU3NKA U AD.

Onucanie aiHiapaTyps! B yueOHUKE UBI0XKEHO CXEMATHUHO, TdK KaK
BoJ1ee HOAPOOHO OHO JIaHO B « PyKOBO,1cTBE K s1a60paTopHLIM paboTam 1o
MeJZHUMHCKON U1 OHos0rHYecKoi (husnke» M, E. Bnoxnunoit, U. A. Occa-
yaosou, I'. B. Maucvposoit (M., «JIpoda», 2001). IIpumeps u 3anaqu
MOM¥HO HaUTH B «COOpHUKE 3a7a4 110 MeJHIIHHCKON H OHOJ0TUUECKOM
dusuke» A. H. Pemusosa, A. I'. Makcunnoit (M., Jlpoda», 2001).
YuebHUK ¥ NepeuuciacHHbIE TIOCOOUs! COCTARASAIOT ¢UHbliT MeTojqude-
cKMi KoMmaerce. CCLIAKHM HA 0TH H3aHNA OVAYT 0603HAUCHBl B TCKCOTE
Hacroauleil kuuru Kak [1], [2] coorBeTeTrenHo.

YueGHUK B OCHOBIOM COOTBOTCTBYOT TPeGOBAHUAM FrOCVAAPCTBEHHOIO
0BpasoBaTesibHONO cTallapra 1o (husnKe st crenpaishocrein 040100,
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040200, 040300, 040400, 040600, oaHaKO OH MOXeT OBITH UCIIOAB3O-
© ppH M CTyAeHTaMu, O6y4aroUIMMMCs MO OHOJIOrHYECKUM U CenbCKOXO-
3gHCTBEHHBIM CIIeIUAJBHOCTAM, a TaKXKe 110 cienuanbuoctu 040500.
I'nasa 11 u § 3.3, 3.4, 8.1 (B coaBTOpCTBE), 22.8 (B COABTODPCTBE) Ha-
mucanbl A. I'. Makcuno#i, rnasbl 23, 24 u § 14.2, 14.3, 14.4 (B coaB-
ropcrBe) HanucaHel A. 1. Iloranmenko, ocraneHOI MaTepuan HaMucaH
A. H. PemusoBsim, rinaBa 6 HanucaHa UM B coaBTopcTBe ¢ M. P. Boro-

MUJIBCKHUM.
Asmopbt



BeeaecHUe

HauGonee mIupoKkum mnoHsTHeM, BKJAOYaOUUM B cebsl Bce, OKpy-
JKarollee HAC, U HAC CaMHUX, sBAseTcs Matepus. [larb oObIuHOE JIOTH-
YecKoe onpeneneHle MaTepUH, IpU KOTOPOM yKa3biBaeTcs GoJiee HIu-
POKOe NMOHsATHe, a 3aTeM OoTMeuaeTCd IPHU3HAK IpegMeTa ollpejeJie-
HUSA, HEBO3MOIKHO, TaK KaK 6oJiee IIUPOKOro MOHATHA, YeM MaTepHud,
Her. IToaToMy BMecTO olpegesieHHUs1 4acTo IPOCTO IOBOPST, YTO MaTe-
pus ecTb OO BLEKTHUBHAS PeajlbHOCTD, JaHHasA HAM B OLLIYUIEHHAX.

Marepus He cyuiecTByeT 6e3 gBuenud. [Tog ABHyKeHNEeM IOHHUMA-
IOTCA BCE MPOUCXOAsiU{Me BO BCeNIEHHOH U3MEeHeHHs U MPOUecChl. YC-
JIOBHO Pa3fiuyHble © MHOTooOpasHbie OPMBI ABHIKEHUA MOXKHO Ipe-
CTaBUTb YeThIpbMs DPa3HOBUAHOCTAMHU: (du3HYecKas, XUMHUecKad,
fuonoruuecKasd u couuanbHas. ITO MO3BOAAET KJaacCUPHIMPOBATDH
pa3iinyHble HayKU B 3aBUCUMOCTH OT TOTO, KaKOM BUJ ABMIKeHHUs OHH
nayyator. Pusura uzydaer Gpusandeckyro HOpMy ABUIKEeHUs MaTEpUH.
Bosee netansHo BDHU3HyecKy0 GOPMY ABUKEHUS MAaTEPHUH MOXHO MO/~
pas3lesuThr HA MeXaHUYeCKYIO, MOJIeKYJs DHO-TeIlJI0BYIO, 3JIeKTpoMar-
HUTHYX), aTOMHYIO0, BHYTpUsnepHyio. EcTecTBeHHO, 4TO Takoe jeJie-
HUe ycJIoBHO. TeMm He MeHee DU3UKY Kak yueOHYI0 AUCIUIINHY 06bIY-
HO NIPeACTaBAAIT HMEHHO TAKUMHU pa3eaMu.

Pusuka, Kak ¢ Ipyrue HayK, UCMONb3YyeT pa31UYHbIe METOAbI UC-
cJedoBaHUSE, HO BCe OHU B KOHEYHOM CUETe COOTBETCTBYIOT €JUHCTBY
TeOPHHU U MPAKTHKH M OTPaXarmT o0UINI HAYYHBIH MOgXOoA K MO3HA-
HUIO OKDYIKawiel neiictButensHocTu: HabN04eHNe, pa3MbllJIeHHe,
onbIT. Ha ocHoBe nabnlogeHUl co3jaloTcd TeOpuu, GopMynupyores
3aKOHbI ¥ FHIIOTE3bl, OHU NPOBEPAIOTCS U UCIIOAB3YIOTCS HA MPAKTH-
ke. IIpakTrka aBisgeTcs kKputeprueM Teopuit, OHAa IO3BOJIAET UX YTOU-
HATh. POPMyNuPYIOTCS HOBbIE€ TEOPHUU U 3aKOHBI, OHU BHOBb IIPOBEPsi-
foTea npakTukoi. Takum obpa3oM yenoBeK nMpoaBUraercs Ko Bce 60-
Jee IOJHOMY IHOHUMAaHHIO OKPY>Kalouero Mupa.

B uccuenoBanuu GU3nMyYeCKUX ABJAEHUMN, MPOIECCOB U CHUCTEM AO-
CTATOMHO IHHUPOKO HUCIOAB3VETCS METOA MOJeaUPOBAHUA, KOTODBIH OC-
HOBAH HAa HUCIMOJAb30OBAHUU Modeael. Monesinb -— 3T0 00BeKT n1060i
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pHpOJbl, YMO3PUTENbHBIN (BUPTYaNnbHBIN) UM MaTePUATLHO Deaslu-
OBAHHBII, KOTOPbIA BOCIPOU3BOAUT sIBJI€HHE, IPOIECC UJIU CUCTEMY

eJbl0 UX HccjeJoBaHUs WUJIM U3ydeHHUs . Takue U3BECTHBIE YUTATE-
J¥O K3 KypCa cpeaHel LIKOJBI MOHSTUS, KaK MarepuajbHasl To4YKa,
HpeanbHbIIl ra3, TOHKas JUH3a U T. 0., ABISOTCHA, 1O CYLIECTBY, MO-
JeAMA.

PazsnuuHble (hopMbl ABUKEHUSA MaTepUU B3aUMO3aBHUCUMBI 1 B3aU-
MOCBSI3aHbl, 4YTO 00yC/NIOBNIMBAeT NMOsIBJIEHUE HOBBIX HAYK, JeMallux
HA CThIKe NpeXHux — 6uodusuka, acrpodhusnka, XuMuueckas Qpusu-
Ka ¥ Ip., a TaKKe HCII0Nb30BaHUe JOCTUKeHU T OJHON HayKH 1J1s1 paa-
BHTHUS APYrou.

Yurarens, ecTeCTBeHHO, UHTepeCcyeT CBA3b (DM3MKHU U MeAUIIUHBI.
TIponukHOBeHNe (pHU3NUECKUX 3HAHUH, MeTOAOB M annaparypbl B Me-
AMIAHY JOCTATOYHO MHOTOTPAHHO, HUXKe NpejjlarajoTcs JUIIb HEKO-
TOPBIe OCHOBHBIE aCIeKThl 3TO CBA3H.

dusnvecKkue npoueccsi B opranuame. buodnusuka. Hecmor-
PH HA CJIOKHOCTH ¥ B3aMMOCBSA3b Pa3JIMYHBIX IIPOIECCOB B OpraHu3Me
YeJIOBEKa, 4acTo Cpel HUX MOXKHO BBIAENHUTH MpPOoIllecCchl, 6U3KHe K
dusnueckuMm. Hanpumep, Takoil cJIOKHBIA (DUBHUOJOTHUYECKHE MpO-
mecc, Kak kKpoBooOpallleHUe, B CBOell OCHOBe sABaAeTCA (PU3UYECKHUM,
TAK KaK CBA3aH ¢ TeYeHHUEeM JKUAKOCTH (TUAPOJAMHAMUKA), PacIpoCT-
paHeHueM ynpyrux xonebanuit no cocyznam (KoaebaHus U BOJIHBI), Me-
xaHN4YecKoi paboroil cepana (mexaHHKa), FreHepanueii 6uonoreHuua-
NOB (3JIeKTpUYecTBO) U T. I. I[pixaHue CBs3aHO C ABM)KEHHEM rasa
(aspoamHamuKa), Temjoornauei (TepMoAHHAMHKA), ucntapenueM (da-
30BBIe IDeBPALIeHUA) U T. M.

B opranuame, kpome GuanUecKUX MaxpompoleccoB, KaKk U B He-
JKHBOI NpUpoOse, UMEIOT MEeCTO MOJIeKYNsApHBbIe NPOLecchl, KOTOpHIe B
KOHEYHOM cyeTe OlIpeAendioT mosefeHue buonmorndeckux cucrem. Ilo-
HuMaHHe QU3UKN TaKHX MUKPOIIPOIECCOB HEOOXOAUMO s IIpaBUb-
HOH OLIEHKM COCTOSIHUsS OpraHusMa, IPHpPOABI HEKOTOPHIX 3aboJsieBa-
HHM#, KeHCTBUA JIeKapeTB U T. 1.

Bo Bcex sTux Bompocax (usnMka HACTONBKO CBsI3aHA ¢ Buonorueit,
9T0 (hopMUpYeT CaMOCTOATENBHYIO HAYKY — 6uoguiuxy (6uosozuiec-
Kyio ¢usuky), koropas udydaer puandeckue U PU3UKO-XUMHUYECKUE
Oponecchl B KHUBbLIX OpPraHU3Max, a TakMe yJbTPacTPyKTypy Ouo.0-
THYECKHX CHCTEM Ha BCeX YPOBHSIX OpraHu3anuu — oT cybMmonery-
JAAPHOro ¥ MOJIEKYJIAPHOrO 0 KJeTKH U 11eJ10r0 OpraHuama.

®Pusuueckune MeTonbl IMATHOCTHMKHM 3a00JieBaHUM M Mcclle-
MAOBAHMUS OHOJOTHUYECKHX CHCTEeM. MHOore MeToAbl AUArHOCTUKY U
HMCCIeIoBaHUA OCHOBAHBI HA UCTIOJIb30BAHUU (PU3UUECKUX NIPUHIUIIOB
¥ Hjeil. BoNbUIMHCTBO COBPEMEHHBIX MEJUIIMHCKUX MO HAa3HAYEHUIO
OpUGOPOB KOHCTPYKTUBHO AIBIAETCS (QudHueckumu npubopamu. Yro-
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6bl 9TO MPOUJIIICTPHUPOBATH, JAOCTATOYHO PACCMOTPETh HEKOTOpLIE
NpUMephbl B paMKax CBelJeHUil, U3BECTHBIX UHUTATENI0 U3 Kypca cpea-
HeHl LIKOJbI.

MexaHpuecKas BeJlMuyuHa — JaBJleHle KPOBU — sIBJsAETCHA [10Ka3a-
TejieM, HCIIOJb3YEeMbIM [J1A1 OLleHKH psiga 3aboneBanuii. [Ipocnymuba-
HHE 3BYKOB, HCTOUHUKU KOTOPBIX HAXOJATCSA BHYTPU OpraHuama, Io-
3BOJIsIeT 11OJIy4YaTh HHPOpPMAaL MO 0 HOPMAJIBHOM HJIHM IATONOTUYECKOM
nmoBejgeHUU opraHoB. MeanuuHCKUHA TepMOMeTp, pabora KoTOpoTo OC-
HOBaHAa HA TEMJOBOM PACHIMPEHHUH PTYTH, BeChbMa pacnpoCTpaHeHHbIH
Juarfocruyeckuit mpubop. 3a nociaenHee AecsATUIeTHe B CBA3U C pas-
BUTHEM 3JIEKTPOHHBIX YCTPOHCTB HIMPOKOE pacHpOCTpaHeHUe MOJy-
YWJ JUArHOCTHYECKHUU MeTol, OCHOBaHHbLII Ha 3altucu 6uomoreHIna-
JIOB, BOZHUKAIOUIUX B »XUBOM opraHusme, Haubonee uzBecten meton
aJIeKTpoKapauorpadun — 3amucu OHMONIOTEHIINAJIOB, OTPAaXKaMIMUX
cepredHyio AesATelbHOCTh. OBLIeU3BeCTHA POJIb MUKPOCKOIA /1A Me-
JUKO0-0HoJoTHYeCKUX uccaenoBaHuii. CoBpeMeHHble MeAUUHUHCKHE
upubopbl, OCHOBAHHBIE HA BOJIOKOHHOI OIITHKe, IO3BOJAIT OCMATPH-
BaThb BHYTpPEHHWeE OOJIocTH opraHuama., CreKTpanbHbIM aHajiu3 uc-
110Jb3yeTCA B CyaeOHOoU MeguiHe, rUrvene, (papmakosoruu u 61odio-
TUU; JOCTUIKEHUS aTOMHON U AfepHOH QU3UKK — ANA A0CTATOYHO U3-
BECTHbIX METOHOB JUATHOCTHUKH: PEHTIeHOAMATHOCTHKU KU MeToza
MeUeHbIX aTOMOB.

BoapelcrBue (pu3NYecKUMH (paKTOpAaMH HA OpPraHU3M C
1eJbI0 JeyeHUHA. B obuieM KOMILIEKCe pa3JUYHBIX MeTOJ/IOB Jieue-
HUsA, NpUMEHAeMbIX B MeJUIIUHEe, HAX0AAT MecTo U (puanuueckue ak-
TOpbI. YKa)KeM HeKOTopbie U3 HUX. I'ulicoBas TOBA3KA, HaKJIa/lblBae-
Mas MpH NlepejoMax, sIBAseTcs MeXaHH4YeCKHM (PUKCATOPOM MOJIO-
JKeHUsl NORBPeXIeHHBIX opraHoB. OxnaxJeHue (Jiel]) U HarpeBaHue
(rpenka) ¢ menblo JiedeHHUsA OCHOBAHbI HA TEMJIOBOM JeiCTBHH. JNeKT-
pUUYECKoe U 3JeKTPOMATHUTHOE BO3ACHCTBUA HIUPOKO UCIIOIbL3YIOTCH
B pusuorepanuu. C neyebHON’ 11e b0 TPHMEHAIOT CBeT BUAUMbBIHN U He-
BUAHUMbIH (ynmpadinonemrsoe U HH{paKpacHoe U3JyUYEeHHUA), PeHTIre-
HOBCKOE U raMma-Hu3JaydyeHud. ’

PuanyecKue CBOMCTBA MaTepHaJOB, MCTIOJIb3yeMbIX B MeIHU-
pHHe. Pu3uyecKHe cBoOMCTBA OMOJOTrHYEeCKHMX cHucreM. Ilpume-
HSCGMbIe B MeJUIIMHE MOBA3KHW, UHCTPYMEHThI, 3JIeKTPO/ibl, TPOTE3bl
U T. H. paboTaioT B YCJAOBUSAX BO3AENCTBUA OKPYKalolllel cpelbl, B TOM
YUCAe B HEHOCPEJACTBEHHOM OKpyiKennu 6uosioruyeckux cped. Yrobni
OLIEHUTH BO3MOMHOCTh DKCILIYaTAH UMY NOAOOHBIX U3AEJHIT B DeaIbHbiX
YCJOBUAX, HEOOXOAUMO UMEThb CBeJeHH s O (DU3UYECKUX CBOHCTBaAX Ma-
TEPUAJIOB, U3 KOTOPbIX OHU cAenalbl. HailpuMmep, a8 U3rOTOBJIEHUA
11poTe30B (3y6bi, COCyabl, KJIAIIAHbI U T. J[.) CYI[ECTBEHHO 3HAHHE MeXa-
HHUYECKOH I1IPOYHOCTH, YCTOITUMBOCTH K MHOTOKPATHLIM Harpy3kKaM,
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aCTHYHOCTH, TEMJONPOBOAHOCTH, 3JIeKTPOIPOBOLAUMOCTH M APYTUX

oiicTB. B psijie caydaeB Ba)XHO 3HaTh hu3udecKkue cBoicTBa GUONIOrH-
q&;c}mx CHUCTEM N OLEHKH HX KU3HecOoCOOHOCTH Uu cnocobHOoCTH
BRIAEPIKATDH ONpefe/leHHble BHeHNIHUe BoafeiicTBus. I1lo mameHeHHI0
$E3UIECKUX CBOHCTB GHOIOrMYECKUX 0ObEKTOB BO3MO3KHA AUATHOCTH-
xa s3abosieBaHuil.

dusnyYecKkHe CBOMCTBA M XapaKTEePHCTHKHM OKpY:KalOLIei
epensl. JKuBoit oprannamM HOPMAJIBHO (PYHKIMOHHUPYET TOJILKO IIpU
B3AMMOJENCTBUU ¢ OKpYyKaouiel cpegoi. OH 0CcTpO pearupyer Ha Ha3-
MeHeHHe TaKHX (QU3NUYEeCKUX XapaKTepPUCTUK cpelbl, KAK TeMIepaTy-
pa, BJaXKHOCTh, faBJeHHe BO3ayXa v 0p. [leficTeue BHellIHel cpeabl Ha
OpraHM3M YYHUTBIBAETCSH He TOJbKO KaK BHEIUHUHN (aKTOp, OHO MOKeT
HMCIIOJIb30BATHCH JJd JledeHUsl: KJauMaToTepanua u 6aporepalusi. ITu
NpUMepbl CBUAETENBLCTBYIOT O TOM, YTO Bpad JOJKeH YMeTh OlleHWBaTh
¢du3ndeckue CBOUCTBA U XapaKTePUCTUKHU OKPYXKaloLied cpelbl.

IlepeurciieHHbIe Bbillle NTPUMeHeHUA QU3UKH B MeAHIMHe COCTaB-
JAOT MeOUUUHCKYIO Quiuky — KOMILIEKC pa3AelloB NPpUKJIAJHOH du-
3HKM M 6MOoU3UKHU, B KOTOPBIX paccMaTpuBapTcd (U3ndYecKue 3aK0-
HEI, ABJIEHU, IPOLECCHhl U XapaKTepUCTHKU NPHUMEHUTENbHO K pellle-
HHIO MeJULIMHCKUX 3a7a4.

Meanuuna ¥ texuuka. CoppeMenHass MeAULHHA Ga3upyeTcsa Ha
ITUPOKOM HCNO.Ib30BAaHUM pa3dHooOpa3HON ammaparyphbl, KoTopas B
GoIbIINHCTBE CBOEM ABAdeTcA PU3ndecKol M0 KoHeTpyvKiuu. [oaro-
MY B Kypce MeIUIIMHCKON 1 Ouosiorndeckoi GU3UKU pacCcMaTpHUBAOT-
€A YCTPOMCTRO U IPUHIUT PabOoThl OCHOBHOM MeJUIIMHCKOM aniiaparTy-
PHL

MeauiiuHa, KOMIBHOTEPHU3ALMA M MaTeMaTHKA. Beiuucau-
TelbHas TeXHHKa IoJayudyaeT Bce 0ojlee HIMPOKOe pacHpocTpaHeHHe
KakK 1ist 00paboTKU pe3ybTaTOB MeAUIIMHCKUX UCCJAef0BaHUM, TaK U
AJA MOCTAHOBKHU AuarHo3a saboseBanusi. MaTremaTuka, Kpome TOro,
HCOONB3yeTCss AN ONUCAHUSA [IPOLECCOB, NMPOTEKAMINUX B JKUBBIX
cHucTeMax, a TaksKe s CO3AaHUA U aHAJIN3a COOTBETCTBYIOUIUX MOjie-
JNeil. MaremaTuueckas CTATUCTHKA NPUMEHAETCS IS yueTa BUAA 3a-
6onesanuii, pacnpocTpaHeHHOCTU 3MUAEMUIt U ADYTUX LeJeif.

Pusuko-MaTeMaTHdeCK e 3HAHUA BaXKHBI BDauy ele U MOTOMY,
YTO OHU ¢NTOCOOCTBYIOT POPMHUPOBAHUIO MaTEPUATUCTHUECKOTO B3IJ1S-
A8 Ha KMBOM OPraHHU3M U MPOLECCHl, IPOTEeKAarolhe B HeM.

2 — 2495



P A 3 A E A

MeTpoaorius.

Teopus BepOogaTHOCTEM
M MATEMaTMYeCKas
CTATUCTMKA

B NpaKTHYeCKOH AeATeNbHOCTH
BpPay MOCTOAHHO UMeeT [ejl0 C KOJHUYeCTBEHHBIMM MNOKa3aTelsMHU
(remneparypa Tena 6oanHOrO, aprepHajibHOe AaBJjieHHe KPOBH, JA03U-
poBKa JjekapcTBa U T. n.). [TosTomy Hazo 3HATH, KaK IIOJYYEHBI 3TH
BeJMYUHBE, KAKOBA HX TOUHOCTDb, B KAKUX €JUHUIIAX OHU lpeJcTaBJie-
Hbl. C KONMUYeCTBeHHBIMU IOKa3aTeNsAMU UMeeT feso niobad Hayka,
a (pu3uKa -— B 0COBDEHHOCTH.

ITH BOIIPOCHI UMEIOT OTHOLIEHHe K METPOJIOrUH, a UX MaTeMaTHye-
ckolt 6a30if ABNAIOTCS TEOPUA BEPOSITHOCTEH M MaTeMaTHyecKas cTa-
THUCTHKA.

Takum obpa3dom, pasjes MOKHO pacCcMaTPUBATh KAK METPOJIOruye-
CKOe M MaTeMaTU4YecKoe BBeIeHUe B MEJUIIMHCKYIO U HUOJIOTHYECKY IO
(DU3UKY.
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BeeAgHWE B METDOAOTUIO

MeTpoAOTMet HasbiBaIOT HayKy OO M3MEPEHUAX, MeToAdx W
CcpeacTBax 0BeCneyeHms x eaAMHCTBa 1 CNOCOBax AOCTUXKEHMS
10eOyemon TOUHOCTH, B rAaBe Hapsay C OBLIMMKM BOMPOCaMn
METPOAOTM  PACCMATPMBATCS OCOOEHHOCT  UIMEDEeHWM B
BUOAOTHM 1T MEAMUMHE.

§ 1.1. OcHoBrHBIE NTPO6IEMBI U TIOHATHA METPOJIOTHH

H3amepenuem Ha3vieéaom HaxoxcleHue 3HAYEHUA (Duauieckol
6ENUMUH DL ONLBLMHBLM NYMeM ¢ NOMOUW,bIO MeXHULECKUX CpedcmE.
HaMepeHns MO3BOJAAIOT YCTAHOBUTH 3@KOHOMEpPHOCTH IIPUPOALI U SIB-
JAIOTCA JIEMEHTOM MO3HAHUA OKpY Kalolllero Hac Mupa.

Paznuyalor uaMepeHus npavbie, IPpU KOTOPHIX Pe3VabTAT 1oJyda-
€TCH HeNnoCpenCTBEHHO U3 U3MepeHUsA caMoOH BeIHUUMHBI (Hampumep,
H3MepeHUe TeMIlepaTypbl T€la MeJUIIMHCKUM TepMOMEeTpoM, HaMepe-
H¥e AJIUHBI TpegMeTa JUHEHKOM), U KOCBEHHbIe, IIPDU KOTOPBIX HUCKO-
MoOe 3HaueHUe BeJTMYUHbI HAXOAAT 110 U3BECTHON 3aBUCHMOCTU MEXIV
Hell ¥ HemOCPeACTBEHHO MU3MePSieMbIMU BEJHUHHAMU (HalipuMep, Ofl-
pereneHne Macchl TeJa [IPH B3BEUIMBAHIM € yUETOM BbITAJIKIBAIONEN
CHUJIBI, ONpejesieHHe BA3KOCTH XXHMJKOCTH 10 CKOPOCTH NMAJeHUs B Heil
mapuka). TexHuUecKue cpe/jcTBa 1718 MPOH3BOJICTBA U3MEPEeHUH (cpe-
CTBa M3MepeHuit) MoryT ObiTh paszHblx THiloB. Hanbosee 1niapecTnbiv
YUTATEN IO CPeiCTBOM H3MEPEeHUH ABAACTCA U3MEPUMErbHBLL npu-
60op, B KOTOPOM U3MepUTENLHAS UH(POPMAlHSA HpeacTaBisercsa B Qop-
Me, NOCTYIIHON A HCHOCPEACTBOHHOIO BOCHPHUATHS HadJiogaTeslem
(maupumep, reMmepaTypa IIPeJCTABICHA B TePMOMCTDE JUIHHON CTOJ-
6rka pTyTH, cuna TOKA — HIOKA3aHHEM CTPEJIKH AMIIePMeTPa I LH(-
POBBIM 3HaueHueM). K cpencTBaM Ma3MepeHHIT OTHOCAT TAKMKe U mepy,
KOTopasl mpefHa3HAUeHA /I BOCHPOU3BEICHIE QH3UUCCKON BEJTHUIN-
HBI 3aflaHHOTO pa3Mepa (HalpuMep, rups olipe;le/ieHHOH Macehl).

OznHO U3 pacipocTPaHEHNLIX CPEJICTB H3MEPCHITI — u3mepumenvubiil
Rpeobpaszosamens (damuwux). O LpeHasHANeH /1151 BLIPAOGOTKII CHIHa-
J18 uaMepuTenbHOl nHdGopMalini B hopMe, VAoOHoIl i Hepejaun, Aah-
Heitniero 11peoGpasoBaHus, obpaboTku 1 (W) xpaHenist (Halpovep,
TeMnepaTypa MOKeT ObITh 1IPEICTABICHA MASKTPINICCKUM CHIHAZIOM).

i 2% 19



3HadeHUe PU3NUSCKOI BeIUUYMHBI, MONYYEHHOe NIPHA HU3MeEpeHuH,
OTIUYAeTCsA OT UCTHUHHOrO. CTeneHbh IIPpUBAVKEeHNUA Pe3ybTaToB H3-
MepeHUA K WUCTHHHOMY 3HAUEHWK H3MepsAeMOi BeJMYMHBI XapakTe-
pusyercs moiHocmuio usmepenull. TOUHOCTL U3MepeHUl ABAAETCHA
KayeCTBEHHbIM NIOKA3aTe 1eM H3MEepeHHH.

KonuuecTBeHHas onenka pesynbTaTa H3MepeHHH pgaercd abceo-
AIOMHOU NOZPEULHOCMBIO — OMKJIOHEHUPCM De3Yylomamos uimepe-
HUL 0Mm UCMUHHO20 3HUYCHUS usmepsaeMoll deqqunbt. Yem MeHblile
HOI'PEUIHOCTh, TEM BBIIE TOUHOCTH U3MeDeHUH.

IHorpeniHocTn 0OBACHAIOTCS HECOBEPILIEHCTBOM CPeACTB HU3Mepe-
HUH, HEOMbITHOCTBIO TEePCOHAA, BJAUSHUEM NMOCTOPOHHUX (DAKTODPOB U
p. U3 3TUX MPHUYHH MOMXKHO BBIAEJUTH T€, KOTOPbie MPOABJIAIOTCS He-
peryJspHO U MPU NOBTOPHBLIX H3MEPEHUAX OKA3bIBAlOT caydaiiHoe KO-
JMYeCTBeHHOe BO3/leHCTRUe Ha peayabraT. Takue ¢paxTopbl NpUBOAAT
K CAYYaAHHBIM IMOTPeIIHOCTAM. JTO ciaydvyaliHbie BeJUYMHBI, IIO3TOMY
uX MOXKHO o6paboTaTh, MTpOAHAJIH3UDPOBATL U TAKUM 06PA30M yUecTs,
HCTIONb3YA COOTBETCTBYIOIIUNA MaTeMaTHYeCKHUI allmapaT: TeopHUIo Be-
pOATHOCTEH M MaTeMaTUYECKVIO CTATHCTHRY (¢M. IJ. 2 1 3).

CBezeHUs 110 TeOpUH NOTPEIIHOCTel, HeOOXOAUMble CTY/IeHTaM-Me-
AUKaMm, npuBesensb B[1].

OgHUM 13 OCHOBHBIX METPOJIOFHUECKUX MOHATHI SABJIAETCA eflMHHU-
1na uamepeHus ¢pusnyeckoil Benuuunnl. Edunuyeil uzmepernusa pusu-
4eCcKOM BeJIMUYMHb] HA3bIBAIOT CTAHJAPTHOE 3HAYeHUe 3Tol (uauve-
CKOIl BEeJIMYMHBI, UPUHSTOE 110 COFJIAllleHUK) B KAauecTBe OCHOBBI AJs
ee KOJINYeCTBEHHOU OLIeHKH.

Enudauubl Gu3NyeCcKuX BeJIMYMH B OCHOBHOM I'DYIIUPYIOTCHA B CUC-
memol edunuy. OcHoBHOH aBaAsgeTcs Mej)xAVHapOJHAsA cUCTeMa efu-
HUIL (cucTema uHtepHauuoHasbhas, CH). Ciipasounblit MmaTepuan no
equHULaM (PU3NUECKUX BequduH iipuBefed B [2]. He ocranaBnusasce
Ha 3TUX BOMPOCAX, PACCMOTPHUM JHIIH OTHOCHTEJIbHbIE U Jlorapudmu-
qecKUe BeJIMUUHBIL.

B ¢dusuvecknx uaMepeHHUAX JOCTATOUHO LIUPOKOE pacmpocTpaHe-
HUe [IOJYYUJU OTHOCHTE bHbIE BeJIMUNHbI, KOTOPbIE ABASITCH OTHO-
nieHueM (PU3UYECKOH BeJUYUHbl K OJHOUMEHHOH (u3uyeckKoi BeJu-
YHHe, IPUHUMaeMOl 3a UCXOAHYI0. B KadecTBe npumepa MOH(HO yKa-
3aTh KOHIIEHTPALMI0 pacTBopa, JAUIJEKTPUYECKYI0 U MAI'HUTHYIO
[IPOHHUIIAEMOCTH, KO3 punHUeHT MOJAe3HOI0 JelCcTBUSA, OTHOCHUTEJb-
HYI0 JedopManvio, KoOaPOHUIHEHT TPEeHUsH, BA3ZKOCTb KPOBIH OTHOCH-
TeJIbHO BA3KOCTH BOJbI U T. J.

Enunusib U3MeDPeHUS OTHOCUTEILHBIX BEJUYUH He UMEIOT pasMep-
HOCTH U Ha3BaHHUA. OHAKO B PAAe CAy4aeB OTHOCUTENbHYIO BEJIUYUHY
TPAAUIMOHHO BhIPAMKAOT CO CTOKPATHBLIM MJI THICAYEKDATHBIM VBe-
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audyeHueM. IIpu 3TOM cOOTBETCTBVIONIAS CAUHMIA H3MEPEHUA OVALT
“MeThb Ha3dBaHue: 1poileHT (Vo) nin npomiriie (. ).

s BbIpa)keHUs ypOBHSA 3BYKOBOTO /laBJ€HUSA, YPOBHS HHTCHCHB-
HOCTU 3BYKAa, YPOBHA YCUJIEHUA IJIEKTPUUCCKOIO CHrHasa M T. I,
yaobHee UCIOJAB30BATh JIOI'apUPM OTHOCHTEJIbHON BeJuUHHbI (1a100-
Jlee pacIIpOCTpaHeH AecsaTUUHBIN Jorapu(phm):

L - lgz—zy
1

rne a, u a, — OfHOMMeHHble PU3HUeCKYe BeJUUYHIIbI.
Egununeii jorapu)MuuecKoil BeJJUYUHB! ABasietcsa 6el (B):

1B = 1g§£ npu a, = 10a,,
1

€cJIU @ — «3HepreTUYeCcKaa» BeJIUUMHA (MOLLHOCTL, HHTEHCHBHOCTD,
9Heprua U T. IL.), UJau

1B= 2lg3i? npua, - J10a,,
€CJM @ — «CUJIOBasfg» BeJJMUMHA (CUJA, MeXaHUYecKoe HAMpsaKeHUe,
JaBjieHUe, HAIIPAKEHHOCTD 3JIEKTPUYECKOTO [TOAA U T. IL.).
HocTaTouHO pacnpocTpaHeHa HoJbHas eauHuia — gennben (ab):
116=0,1B.
3amerum, uto 1 1B coOOTBeTCTBYET COOTHOIIEHIK) «dHepreruue-
CKUX» BeJUUUH a, = 1,26a,:

1B = 1Ong—2; 22 _ 101102 1,26,

1 a4y
a 1J1A «CUJOBBIX» BelIN4uH a, ~ 1,12a,:

lnB=20lg%; 42 101202 1,12.

v 4

§ 1.2. MeTposoruueckoe obecneuenme

W3mepeHuss IMpPOU3BOAATCA € MCHOJAL30OBAHUEM MOXHUYCCHKUX
cpedeme. PesyibTaThl U3MEpeHUs AOMKHbLI COOTRETCTBOBATL Ofipe/jie-
JIEHHOH TOYHOCTHU U OLITh OJUHAKOBBIMHU, €CJAH H3MEPAITCS HAEHTHU-
Hble BeJIMUMHbBI, HE3ABUCUMO OT TOTO, IIPOU3BOIJATCH JIK H3IMEPeHU s
OJHOMOMEHTHO UJIU B pa3Hoe BpeMs, B 0/iHOMN 1abopaTopuu WU B pas-
HBIX.

Jns BBINOJHEHUA 5TUX YCJIOBUH HEOBXOMIIMO COOTBETCTBYIOHIEE Mem-
ponozuueckoe obecnevenue — yCTAHOBJIEHMe U IDUMeHEHUe HAYUHBIX U
OpraHU3allUOHHbIX OCHOB, TEXHUUYECKUX CPE/ICTB, HPABMJ U HOpM, Heob-
XOAUMbBIX 4151 JOCTHMMEHUS eJIHHCTBA U TPeOVeMOoU TOUHOCTH H3MepeHH .
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OpraHus3anuoOHHON OCHOBOM MeTPOJOruuyecKoro obecreyeHUs B Ha-
el cTpaHe ABJAAETCH MeTpoJoruueckas cayxkba Poccun, cocrodias
U3 roCcyAapCTBEHHBIX U BeJOMCTBEHHBIX METPOJOTUUYECKUX CIYIKD.

Tlop eduncmeom usmeperuii NOHUMAIOT OQUHAKOBOCTL DPE3yJIbTa-
TOB TOK/JECTBEHHbIX U3MEeDPEeHUII He3aBUCUMO OT MeCTa U BPEMEHH HX
IIpOBeJEeHUsl, a TAKIKe JOCTOBEDHOCTL UdMepeHUl. EquHcTBO naMepe-
HHU# NO3BOJIsIEeT CONOCTABJIATHL PE3yJbTAThl, MOJyUYeHHble Ha Pa3jHy-
HBIX OJHOTUIIHBIX CPeJCTBAX U3MeDEeHUHN.

A onpepeneHus NorpeliHocTeil cpeJcTB U3MepPeHUH U YCTAHOB-
JIeHHA UX [IPUTIOJHOCTU K NPUMEHEHHUIO OCYIIEeCTBJIAIOT UX N08epKY.
3TOT TepMUH clenuduueH 1JI8 MeTPOJOTUH, XOTs B 00UX0J€e OH COOT-
BeTCTBYeT MNOHATUIO nposepka. IloBepka npousBoauTCcA oOpraHaMu
MeTpOoJIoTHYecKoN cay»KOpl MpM MOMOIU 3TAJOHOB U 06pa3ioBbIX
CpeACTB U3MepeHUH.

Imanonamu HASBLIBAKT CPEACTBA U3MePEHUH WM KOMILIEKCHI
CpeACTB U3MepeHUil, obecreunuBalome BOCNpoU3BeeHUe U X paHeHUe
y3aKOHEeHHOU egUHULB! husuyeckoid sBenuuuHs!, ITepBuuHble sTalO-
Hbl B HalIed cTpaHe 00ecrieynMBalOT HAMBBICUIYIO TOYHOCTh BOCIIPOU3-
BelleHUs AAHHOUN eauHUIbi. KpoMe NepBUYHOroO ecTb BTOPUUHBIE 3Ta-
JIOHBI, OT KOTOPBIX NepegaeTcs pasMmep eIUHUIb! 00pa3IiOBbIM CPEACT-
BaAM U3MepeHUA.

O6pa3yoebim cpedcmeom u3mepeHus HA3BIBAeTCHA TAaKOe, KOTO-
poe aTTecTOoBaHO (aTrecTalus — JAOKYMEHTAJbHOE MNOATBEpKIeHUe
COOTBETCTBUSA CPEACTBA U3MeDEeHHS CBoeMy HA3HAUYEHUIO) B KauecTBe
06pa30BOro U NpUMeHsAeTcs AJ NOBEPKU 10 HeMy paboyux cpeacTs
U3MepPeHUH.

Pa6ouumu cpedcmeamu u3meperull Ha3bIBAIOT TaKue, KOTOpble
MTPUMEHAOTCA AJA NPAKTUYECKUX U3MEPEHHUI B pa3JIUYHbIX 06JaCTAX.

Takum obpaszom, meTpojoruueckas nelnoyka, o KOTopoil nepeja-
ercs pasMep eAuHUIL! (PU3UMUYECKON BeJTUUUHBI, COCTOUT U3 CIEAYIO-
L[MX OCHOBHBLIX 3BEHBbEB! 9TAJIOHKI —- 00pa3lloBble CpeacTBa M3mepe-
Hui — pabouue ¢peacTsBa U3MepeHUM.

§ 1.3. MeguumuaCcKas MeTpPOJIOTHA.
Cneungpura MmegnKo-0MOJIOTHUECKNX
U3MepeHun

TexHuuyeckue ycTpoucTBa, UCHOIbh3YEMbIE B MeAUIIHHE, HA3biBAIOT
060611IeHHBIM TEPMUHOM MeduuuHckus mexrnukxa. Boablias yacts me-
JUIIUHCKOH TeXHHUKMN OTHOCHUTCH K MeJUIHMHCKOH amiaparype, KOTO-
pas, B CBOKW ouepelb, IOAPA3AEIAETCA HA MeAUuIIMHCKHUEe NMhUbopsi u
MeJH I MICKHAe annapaThi.
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Meduyuncrkum npubopom NPUHATO CUATATH TeXHUYECKOE YCTPOM-
CTBO, NpeAHa3HAYeHHOEe AJIA JUATHOCTUYECKUX UJIU JeyeOHBIX UMe-
peHUll (MeaMIIMHCKUN TepMomMeTp, CHUrMOMaHOMETD, dJEKTPoOKaApIU-
orpad u ap.).

Meduyunckuit annapam — TeXHUYECKOE yCTPOWCTBO, NO3BOJASIO-
lee CO3JaBaTh dHEPreTUUeCcKoe BO3jeliCTBUEe TepareBTUYECKOro, Xu-
pPypruueckoro uiau 6aKk TepULIUAHOTO CBOICTRA, a TaKXe obecrieuuBaTh
B MeIUILMHCKHUX IeJIAX OMNpeleJieHHBbIA COCTAB Pa3JUUHBLIX cyberaH-
uuit (annapar YBY-rtepanuu, 3MeKTPOXUDVPIUM, UCKYCCTBEHHOMU
[IOYKH, KOXJIeapHBIH NpoTe3 u Ap.).

MeTtposoruyeckue TpeboBaHUA K MEAUIMHCKUM MpubopaM Kak K
H3MeDUTeJIbHbIM yCTpOicTBAM AOCTATOYHO OUEBUAHBI. MHOTHE Menu-
LIMHCKUE annapaThl NPU3BAHbLI OKAa3biBATbh AO3UDYHOlIlee sHepreTuye-
CcKOe BO3JeWiCTBUe Ha OpraHu3M, IMO3TOMY OHU TaK’Ke BKJIIOYEHBl B
chepy BHUMAHUA MEeTPOJOTUUYECKOU CayKOBI.

W3mepenuss B meaulluHe (MegULMHCKUE UJIU MeAUKo-6Uomoruue-
CKHe KU3MepeHus), a TaKyKe COOTBeTCTBYKOILINe CPeACTBA U3MepeHUit
JOCTATOYHO cneuu(pUuuHbl. 3Ta 0CO6EeHHOCTh N0oOYXKAaeT BBIAEJIUTH B
MeTPOJIOTUU OTeJbHOe HallpaBJAeHUE -— MeOUYUHCKYIO MeMPOLOZUID.

PaccmoTpum HeKoTOpble MpobseMbl, XapaKkTepHble AJS MeAUIUH-
CKOUM MeTpOJIOTHU U YACTUYHO A8 MeAUIIMHCKOro npubopocTpoeHus.

1. B HacTosAlIee BpeMA MeIUIMHCKUE U3MePeHUs B GOJILILIUHCTBe
cay4yaeB MTPOBOAUT MeIUIIMHCKUHN NepcoHaJ (Bpay, MeacecTpa), He SB-
JAOMUICA TeXHUUECKU NOATOoTOBJeHHBbIM. ITosTomy menecoobpasHo
CO3aBaTh MeAUILIMHCKUE NpUbOpHI, rpagyupoBaHHbie B equHULaX Gu-
3UYEeCKUX BEJUUYUH, 3HAUEHUS KOTOPBLIX SABJSAIOTCA KOHEUHOU Menu-
IUHCKOH U3MepUTEeJbHON uHpopMaL el (NIpAMble U3MEPEHUs).

2. enatenbHo, 4TOGBI BpeMs U3MEPEHUS, BIIJIOThH A0 HNOJYyUYEHUSA
KOHEeUYHOr'o pe3dyjabTaTa, OblJI0 KaK MOXXHO MeHbllle, a UHGoOpMalLud
KaK MOXKHO 1OJIHee. JTUM IIPOTUBOPEYUBLIM TpeboBaHUAM YyAOBJET-
BODAIT U3MEPUTeJIbHble KOMILIeKCh!, BKJIOYAKIIUE BbBIYUCIUTENb-
Hble MAallIMHBbI.

3. I[Ipu MeTpoNOruUecKOM HOPDMUPOBAHUH CO3LABAE€MOI0 MEIULIUH-
ckoro mpubopa Ba)XHO YYUTBHIBAThH MeAUIIMHCKHUE TMOKasaHusa. Bpau
OOJKEH OlipeeIuTh, ¢ KAKOH TOYHOCTBIO AOCTATOYHO NPeLCTABUTH
pe3yapTaThi, 4ToObl MOXKHO OBLIO CAEJIATH AUAIHOCTUUYECKUN BbIBOJ.
ITpu 5TOM BONMKHBI OBITH YUTEHB! BO3MOMKHBIE OTKJIOHEHUS 3TUX ITOKA-
3aHUH y OTAE/ibHBIX 6OJIBLHBIX.

4. MHorve MeAaullIiHCKUe IPHOODPDLI BBIAAIOT MH(DOPMALMIO HA DEru-
CTPUDPVIOIIIEM YCTpOHCTBE (Hallpyumep, JIeKTpoKapAuorpad), 1103TomMy
cjlelyeT YUUTBIBATH IIOIPEITHOCTH, XapaKTepHble 18 310l (POPMBI 3a-
nucu (cm. § 17.3).
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5. OpHa u3s 11pob.;ieMm — TepMUHoJoruyeckasn. CornacHo rpeboBaHuU-
SIM MeTPOJIOTHY, B Ha3BAHUM U3MeDHUTEJILHOTO IIpUbopa /10J°KHA ObITh
yKa3aHa (h)HM3MYeCKas BeJUUYUHA WM eJUHHIA H3MepeHUA (amilep-
MeTp, BOJLTMETP, YacToToMep U ;p.). HassaHiie gns mMeaUIIMHCKHUX
npubopoB He OTBeYaeT 3TOMy NPUHIUNY (3JeKTpokapauorpad), GoHo-
kapjauorpad, peorpad it ap.). Tak, snekrpokapamorpad caegoBaio
6b! HA3BATb MUJJIUBOIHLTMETPOM C PETHCTPALIUEH MOKa3aHui (MM pe-
F’UCTPHUPYIOIIIUM MUJIJIUBOIBTMETPOM).

6. B pajge MenMIMHCKUX W3MeDeHUN MOXKeT ObITh HeJl0CTaATOYHAA UH-
dopManusa 0 CBA3M MeX/y HelloCpeJCTBeHHO u3MepsaeMod (U3ndecKon
BEJIMUUHONU M COOTBETCTBYIOIIIUMHU MeAUKO-OMOJOrHuYecKuMHu mnapameT-
pamu. Tak, Harrpumep, MpU KIHHUYECKOM (BeCKPOBHOM) MeTole U3Me-
peHus jaBjaeHusi KpoBu (cm. § 9.4) nonyckaercs, 4To jaBieHUe BO3AyXa
BHYTDH MAHMKETLI PO IM3UTENIBHO PABHO aBJIEHNH) KDPOBU B IJIe4YeBON
aprepun. Ha caMom Jese sTa ¢BA3b He CAUINKOM TIPOCTasi i 3aBUCUT OT
pana GaKTOPOR, B TOM UMCJIe U OT CTelleHH paccaabieHus MyCKyJIaTyphbl.
JlaboparopHbie uaMepeHiisi (in Lilro) MOTyT OTIMUIATHCA OT 3BHAYEHUH CO-
OTBETCTBYIOLIETO IapaMeTpa B VCI0BUAX opraHuama (in vivo).

7. B npoliecce 1amepeHus MeanKo-buosoruyeckue napaMeTpbl Mo-
I'yT u3MeHAThCs. B ipakTuKe PH3UKO-TeXHUUYECKUX U3MEDPEHU cTpe-
MSATCSA ¢/eJaTh HECKOJABLKO OTCUYCTOB ;11 UCK.JI0YeHUus (yuera) cay-
YaUHBIX HOIPENTHOCTeH; 2T0 IeJlecoobpasHo B TeX caydasX, Koraa
€CThb YBEPEeHHOCTb B HEU3MEHHOCTH (hMiIUYeCcKOro napameTpa B IpoO-
necce usMmepeHHsa. Ilapamerpsl HUOJOrHYECKOH CUCTEMBI MOTYT 3Ha-
YUTEeABHO H3MPHUTHLCH I[IPU JAJUTENbHBIX M3MEpeHUsiX, Halpumep,
BeJIeICTBHE 1ICHXO(phHU3uoornueckux (hakTopoB (BozaeilicTBUE OKDY-
skarwonieil o0CTAHOBKHU: 1loMellleHue, H3MepuTe/IbHbId npubop, nepco-
Ha.1 ¥ Ap.) HJG! yCTAJOCTH MbILIIL IPH MHOTOKDATHBIX U3MePEeHUAX Ha
aunamoMerpe. [ToaBUXKHOCTH OpraioB uJau camoro obbeKTa Takike
MOYKeT ITPHBOAHTh K PA3HBIM PDe3yJabTaTaM U3MepeHUH.

EcrecTBeHIio, yTo 1IPH CO3/IaHUE MeJIMIIMHCKOHN anmapaTyps! JOJIK-
Hbl ObITH YUTeHbl M HHble TPeOOBaAHUA (CAHHMTADPHO-TUTHEHUYECKUe,
BOTTPOCHI 0e3011aCHOCTHU, HAJIEKHOCTU U J1P.); HEKOTODbIe U3 HUX pac-
CMATPUBAKTCSE JadbllIe.

§ 1.4. ®dusuyeckne nsmepeHus
B OMOJIOTUM U MeIMI[UHE
BoabmuHeTn0 u3MepeHuil B MeAMIMHE SIBJAETCA H3MeDeHUAMH
(])HSH‘IQCKI/]X nJn (])l/l:SHKO—XI‘IMHI‘IeCKMX B€JIMYHUH.

B kosnuecTBeHHOIM AUATHOCTUKe 3TO MOKeT ObITh ZapjeHHe KpPOBH,
BI)OM(‘,HH{UI 3aBHCHMOCTH OHOIIOTEHIIMAAOB, OITTUYECKAA CUJja rjaasa U
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Ap. B nabopatopHbix aHaMu3ax — BASKOCTb KPOBH, KOHIIEHTPALUS ca-
xapa B Moue u ap. IIpu jeuenun BaXKHO 3HATL 403y MOHU3UPYIOHIETO
M3Jy4yeHUdA, CUJly TOKA 11pU rajJibBaHU3alMM, HHTEHCUBHOCThL yJbTpa-
3BYKa U T. A.; OTCYTCTBUE KaKoM-1ub0 MHpOpManuu nogobHoro polja
MOXKeT He TOJbKO CHUBUTD JieueOHbIN a)peKT, HO U IMTPUYUHUTL Bpes.
KonuuyecTBeHHAA OLIEHKA 1apaMeTPOB Cpelbl, OKPYIKaloileil desoBeKa
(BNaXKHOCTDb BO3AYyXa, TeMllepaTypa, aTMochepHoe jaBieHue), ABJIACT-
cA HeoOXOAUMBIM yCJIOBHEM IIpOQUJIAKTUKY 3a00sieBaHuit, KNUMaTH-
YeCcKOoro JeyeHus.

BceBoamorkHble (pusuueckiie MeAUKO-O0MOJIOIMYECKUEe U3MEpPEHUSA
MOr'yT ObITh KJacCU(UUUPOBAHB! JUO0O 110 DYHRIMOHAABHOMY (1DPH-
3HaKy, Jubo Mo NPUHAAJLEKHOCTU K COOTBETCTBYIOIIIEMY pasfieny Qpu-
3uku. Pusuveckan Kiaccuduranua 6o1ee 61U3KaA CTPYKTYpE HAHHO-
ro Kypca, IOJTOMY OHA U IIpHBeleHa HUKe.

Mexanuueckue uamepeHun: aHTPOIIOMETDHYECKHE 11aPAMETDbI Te-
Ja, repeMeleHye, CKOpPOCTh U YCKOPeHHUEe YacTell Tela, KPOBU, BO3Y -
Xa, aKyCTUYeCKUe U3MepEeHUs, JlaBjeHlie KPOBH M JKUAKOCTEH B opra-
HU3Me 4 BO3yXa B OKpyrKawlleil cpeae, udMepeHiie BUOpaL it u ap.

Tennogusuueckue uamepenun: TeMiepaTypa opratos, uacreii re-
Jla ¥ OKpyKawulel cpeabl, KajopumMeTpuyecKue HaMepeuus 6Ho0JI0IM-
YyeCKHUX 00 bEKTOB, IPOAYKTOB NHTAHUA U JID.

Jdaexmpuueckue U mMazHuUMHble U3MepeHUun: GUOMOTEHIIHAMbI, UH-
JYKIIUA MAarHUTHOTO 110JIS cepaila, M3MepeHMe HMIejatca 6uosioruye-
CKHX 00BEKTOB C IUAIHOCTHUECKOU IleJIbI0, 11ADAMETPOB 3TeKTPOMAT-
HUTHBIX MOJIeH U KOHI[@HTPAlMM MOHOB ¢ F’MIMEeHUUeCKOMH 11e/1bI0 U AD.

Onmuueckue u3mepeHuA: KOJIOpUMeTpUUECKHE UBMEDEHUA, U3Me-
pEeHUA ONTHYECKUX XAaPAKTEPUCTHUK IJIAa3HbIX CPe/l C JHAIHOCTHUPCKON
LeJbIO, CIIEKTPAJbhHbIEe USMEPeHHUA VI OJHATHOCTUKH U cyaeOHO-vean-
UHCKOI'0 HA3HAUYEHHUA, u3MepeHue XapakTepUCTUK YAbTpadHUuO.IeTOBO-
ro, MH(PaKpacHOTO ¥ BUAUMOI'O CBeTA JUIS TUI'HMeHIYeCcKHX 1ieseil u ap.

AmomHbie U AdepHbie U3MepeHUA: U3MepeHHe MOHHM3UPVIOIIMX
u3NydyeHUH (ZO3UMETpUA) u AD.

KpoMe TOro, MOXKHO yKa3aTh U QUIUKO-XUMULECKUE UIMEPEHUR:
KOJInUeCTBEHHOE OllpejlejleHHe COCTABA B/bIXaeMOI0 H BbIJ[bIXaeMOIo
BO34yXa, radoBblil coctas KpoBu, pH KpoBH ¥ Apyrux 6HOMOrHUecKux
cpen. -

DYHKIIMOHAJBHBI NIPHHIIMIT KJACCHM(PUKAILIMH  METOAOB Me/lH-
KO0-OMOJIOrUYeCKHUX HU3MeDPeHHH IIPOHJLIHCTPUPYEM Ha U3MepeHuH Ia-
PaMeTpPOB CePAEUHO-COCYAMCTONH cHCTeMbl. 31eCh BCTPOUAKTCH MeXa-
HUuveckHe (Bansucroraparorpadust, (POHOKAPAHOrpah A, HIMepeH e
JAaBJIEHUA KPOBH), XIeKTPUUECKIIe 1 MAI'HUTHBIE (hJIeKTpOKapanorpa-
dhus, marunToKapanorpadus), OHTIHYECKHe H3MepeHUs (OKCHIeOMPT-
pus). Bo3aMOXKHO IpiMeHeHile U APYrUX (GH3HYECKUX MeTOI0B.
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rNABA

Teopus BepOoSTHOCTEM

B Teopun BepOITHOCTEN UCCACAYIOTCS 3aKOHOMEPHOCTH, OTHOCS-
LIMeCS K CAYHanHbIM CODbITUIM, BEAMHMHAM, NDOUECCam. Bpaum
DEAKO 33AYMBIBAIOTCS, HTO NOCTAHOBKA AMErHO38 UMEET BEOSTHO-
CTHBIN XaPAKTEP U, K8K OCTPOYMHO 38MeHeHO, AWLLb NATOAOrOaHa-
TOMMYECKOR MCCACADBAHINE MOXKET AOCTOBEPHO ONPEACAUTL AM-
arHO3 ymepLLero YeAOBeka.

§ 2.1. Cayuaiinoe co6siTne. BeposarHocTs

Hab6arwonas pasauuHble ABJI€HUA, MOXKHO 3aMeTUTh, UTO CYIECTBY-
eT ABa TUIA CBA3eH MeXy yCJA0OBUAMU S U HACTYILJIEHUEM UJIU HeHac-
TyIJIeHUeM HeKOTOoporo cobuiTus A. B 0fHUX cayuasx ocylllecTB/IeHUe
KOMILJIeKca yeaoBuil S (ucnbiTaHUe) HelpeMeHHO BbI3bIBaeT coObITHE
A. Tax, HanpuMep, MaTepuajbHaA TOUKA MACCOU M, MO BO3AEUCTBU-

em cusbl F (yciaosue S) npuobperaeT yckopeHue a = F/m, (coObiTue

A). B 1pyrux cjayyasx MHOIOKPATHOE II0BTOpeHUe UCIIBITAHUSA MOXKeT
MPUBECTU UJIU He IPUBECTH K 110ABJeHUI0 cobbiTUA A. Takue cobpiTia
NPUHSATO HA3BIBATH CAYHAUHbBLMU: K HIM MOXHO OTHECTHU NOABJIEHUE
B KabuHeTe Bpaua 60J1BbHOTO ¢ JaHHOU 00J1€3HBIO, BBIlIaZleHUe ollpefe-
JIEHHOHN CTODOHB! MOHEeTH! 1P ee OPOCAHUU U AD.

He cienyeT nymaTh 0 CIy4aiHBIX SBJI€HUMAX KAK 0 GECIIPUYUHHBIX,
Huuem He 0OycaoBiieHHBIX. M3BECTHO, YTO MHOTHe ABJIEHUSA CBA3aHbI
MeXay coboi, oThenbHOE ABJIEHUE IpeACTaB/sgeT CJHeACTBUE KAaKO-
ro-To JIPyroro U camo CJAYKUT NpUYHUHON 1ocaeayrouero. OgHaKo
NpOCJIeUThL KOJUUECTBEHHO 3TV CBA3L MEMXIY YCIOBUAMHU U COOBITH-
eM 4acTo 3aTpYyAHUTEJbHO MM Jake Hepo3MoxKHo. Tak, npu 6poca-
HUM HrpadsHod KocTu (OJHOPOAHBLIA KyOUMK ¢ MPOHYMepOBAHHBIMU
mecThio rpanamu: 1, 2, 3, 4, 5 u 6) okoHyaTeabHOe NoJIOXKeHue Kybu-
Ka 3aBUCUT OT JABUXKEHUSA PYKH B MOMEHT OpocaHuUs, COIIPOTUBIEHUA
BO3/VXa, IMOJOKeHNA KyOIIKa 1IpH HodajJJaHMiM Ha ITOBEePXHOCTb, 0CO-
GeHHOCTH HOBEPXHOCTH, HA KOTOPYIO viad KyOMK, H ADYIHX (haKTO-
POB, KOTOPBIE B OTACIBHOCTH VIECTh HEBO3MOXKHO.

B 6b1Ty HIPHMEHITEABHO K TAKHM CAYHAUHbIM cOObimusm ynorpeod-
JSIOT CJT0BA «BO3MOYKHO», « BEPOATHO», « MAJOBEPOITHO», « HEBEPOAT-
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HO». B HeKoOTOpBIX CJIyyasx TaKas OlleHKa 00Jbllle XapakTepusyeT
JKeJlaHue IOBOPSAIero, YeM UCTUHHYIO CTelleHb BO3MOXKHOCTU UJU He-
BO3MOKHOCTHU cobbITUsA. OZHAKO U cayyaiiHple cOOLITHUS, €CIIU UX YUC-
JIO JOCTATOYHO BeJHKO, MOAUUHSIOTCA ONpeesieHHbIM 3aKOHOMEPHOC-
tam. KonuuecTBeHHAs OlieHKA 3aKOHOMEDHOCTEN, OTHOCAIMUXCA K
CJIy4alHBIM COOBITUAM, JaeTCcH B pa3jelie MaTeMaTUKU, Ha3blBAEMOM
meopueil sepoamHocmell.

Teopusa BepoATHOCTEH U3yuaeT 3aKOHOMEDHOCTH, IIPUCYIIHE MAC-
COBBIM (CTATUCTUYECKHUM) CAYUYAUHBIM COOBITUAM.

OtpenbHble UcTOpUUECKUEe GAKTD!, « HEOXKUJAHHOCTU», «KaTacTpoO-
¢bl» ABJAIOTCA €IUHUUYHBIMHY, KAK Obl HEIOBTOPUMBIMU, COOBITUAMU,
M KOJUYEeCTBEHHble BEPOATHOCTHBIE CY)XIeHUA OTHOCUTEJbHO HUX
clejlaThb HEBO3MOXKHO. McTopuuecku Teopus BepOSATHOCTEH MMOSABU-
J1ach B CBSA3U C MONBITKAMU NOACUETA BOSMOKHOCTU PA3JUUYHBIX UCXO-
JOB B a3apTHBIX urpax. B HactTosilee Ke BpeMsi oHA TPUMEHAETCS B
HayKe, B TOM uHcJie OUOJOruu U MeAUIlMHe, AJIA OlleHKU BepOATHOCTHU
NPaKTHYeCKU BaXKHbIX coObiTuii. OT Urp ocraiuch JHIIL HArJISAAHBIE
pyrMepH!, KOTOpPble yA00HO UCIOJB30BaTh AJIA WUJJIIOCTPAILIUU Teope-
THUYECKUX MOJIOMKEeHUH.

CraTucTHuecKoe onpe/ieieHHe BepOATHOCTH. BepoaTaocTs P(A)
B TEOPUU BePOSTHOCTE! BBICTYIAET KAK YUCJA0BAsA XapaKTepUCTUKA CTe-
IeHU BO3MOXKHOCTU MOABJIEHUS KaKOro-aubo onpeneleHHOro caydyau-
HOT'0 cOOBITUS A IDU MHOT'OKPATHOM MOBTOPEHUH UCIIBITAHHUM.

Honycrum, npu 1000 6pocanuit urpanbHoit kKoctu uudpa 4 spina-
naet 160 pas. Ornomenue 160/1000 = 0,16 nokasbBaeT OTHOCUTEIb-
HYI0 4acTOTYy BbINagaHusd 1TUGPH 4 B JaHHON cepuu ucnbiTanuii. B 6o-
nee obuieM cayuae, KOTAa caydyaiiHoe coObiTue A IPOUCXOAUT M Pa3 B
CepuU 1 He3aBUCUMbIX UCIBITAHUHN, OMHOCUMeAbHOU wacmomol co-
6bimun B JAHHOW CepUU UCUBITAHUN MU IPOCTO YACTOTON coObITUA A
HAa3bIBAIOT OTHOLIIEHUE

P#(A) ~ % : 2.1)

IIpu GonpimioM yHcsle UCIIBITAHUI YACTOTA COOBITUA 1IPDUMEDPHO 110-
CTOAHHA: YBeJIUUEHUEe YUCJA UCIIBITAHUN yMeHblIaeT KoJaebaHue yac-
TOTBI COOBITUS OKOJIO ITOCTOAHHOI BEJIUYUHbI.

Bepoamnocmuio caywailnozo cobbimus Ha3zoéem npeden, K Ko-
mopomy cmpemumca iacmoma cobbimus npu HeOZPAHUYEHHOM
y6enuveHuU HUCAA UcCnsimanui:

P(4) = lim % . (2.2)

Jto chnamucmu YEeCKOC ()Ilp?()(’A’l(’H ue gepoamuocmi.



EcTecTBeHHO, UTO HUKTO U HUKOI'/IJA HE CMOKeT NpojeaTh Heorpa-
HUYEHHOe YUCJO UCHBITAHUNA AJs1 TOro, 4ToOB! ONpenesuThb BEpPOAT-
HocThb. B sTOM HeT u HanobHocTu. IlpakTHYecKu 3a BEpOATHOCTD [cM.
(2.2)] MOKHO IIDUHATL OTHOCUTENBHYI) HACTOTY COOBITUR HPU OOJNb-
111oM uucJe ucnbiTanuii. Tak, HanpuMep, U3 CTATUCTUUYECKUX 3aKOHO-
MepHOCTe# pOoKIeHUs, YCTAHOBJEHHBIX 32 MHOTO JieT HabJ0geHUu,
BEPOATHOCTH TOT'O COOLITUA, YTO HOBOPOXK/AEHHLIH OyseT MaJlbuuKOM,
onexHusawnT B 0,515,

Knaccuueckoe onpejgesienne BepoOsITHOCTH. Eciu npu ucnbiTa-
HUSX HeT Kakux-1ubo HpUYUH, BCJIEACTBHE KOTOPBIX OJHO clayuaiiHOe
cobpiTie MosABIANOCH Obl uailne APYTUX (PA6HOB03IMOMNCHbBIE CObObL-
mus), MOYKHO OlIpeJleJIHTh BePOATHOCTb HCXOAR U3 TEOPEeTUYECKUX CO-
obparxenuil. Hanpumep, BLIACHMM B caydae OpocaHusi MOHeTBh! 4acToO-
Ty BbInagaHusa repba (cobbiTHe A). PasHBIMUM dKcnepUMeHTATOPaAMU
DU HECKOJbKUX ThICAYAX MCHBITAHUN ObLIO IIOKA3aHO, YTO OTHOCHU-
TeJILHAsl YacToTa TAKoI'o coObITUS NPUHUMAET 3HAUEHUS, OJU3KUe K
0,5. YuursiBas, uyTo MosiBjeHyue repba ¥ MPOTHBOIOJOMXKHOMU CTOPOHDI
MOHeTbI (cobbITile B) siBsil0TCA COOBITUSIMU PABHOBO3MOIKHBIMU, €C-
JU1 MOHeTa CUMMeTpUYHa, cyaenue P(A) = P(B) = 0,5 MoXXHo 6bL10
6Bl caenaThb u 6e3 onpeseseHUsa YacTOThl 3TUX cobulTHii. Ha ocHoBe mo-
HATUSA «PABHOBO3MOYKHOCTH» COOBITHI (hopMyIupyeTcsa 4pyroe omnpe-
JeJeHHue BepPOSTHOCTH.

JonycTtum, 4To B pe3ysabTaTe MCIIBITAHUA [JOJIKHO IIPOUIOUTU
TOJIBKO OJHO U3 N PAaBHOBO3MOXKHBIX HECOBMECTHHBIX COOBITUI (Hecos-
MeCcmHbLMU HA3BIBAIOT COOBLITHS, €CJIU UX OJHOBPEMEHHOe OCYIIeCTB-
JleHue HeBo3mMo¥kHO). IlycTh paccmaTrpuBaemoe cobbiTe A MPOUCXO-
JIUT B M cAy4yasgX, KOTOpble Ha3bIBAlOTCA O/aronpuATCTBYOIUMU A, U
He HPOUCXOAUT IMPH OCTAIBHBIX N — A1, HEOJATONPHUATCTBYIOIINX A.
Torpa 6epoamuocmbio MOXHO Ha36amb omHouteHue 61azonpusam-
CMeyrwux cayiaeé K o6wemy <Ucay PAEHOE03MONCHBLX HeCO6-
MecmHblx coBbLmul:

P(A) = ’,"_l (2.3)

ITO KAdCCUYeCKOP onpr)c?()./zeuu() aepoamuocmu. PaCCMOTpHM He-
CKOJBKO NMPUMEDPOB.

* B ypue naxoaunres 40 wapos: 10 uepabix u 30 6ensbix. Haiitn Bepost-
LHOCTh TOI'0, YTO BbIHYTbIA HAYraJ OJIMH UIap OylerT YepHBIM.

V¥ Uucno 6aroipuATCTBYIOMIAX CJAY4YaeB paBHO UMCJY UepHbIX LIAPOB B
vpHe: m - 10, O6liee 4yuea0 pABHOBO3MOMHbBIX COObITHH (BbIHIMAHUE OQHOT'O
1lapa) paBHoO I0AHOMY YHCTY 10ApoB B ypue: n - 40. It cOGBITHA HECOBMECT-
Hbl, TAK KAK BbIHHMAETCH O H TOJIbKO ot wap. [1o Gpopmyne (2.3) nmeem

P(A) - 10/40 - 14,
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* HallTu BEPOATHOCTL BLINAJAHUA YETHOI'O YMcja npyv OPOCAHMM UTrpab-
HOU KOCTH.

VIlpun Opocanuu KOCTH PeaJM3YHTCH HIECTh PIBHOBO3MOMHBIX HECOB-
MECTHbIX COBBITHI: nosABIeHUe ool uudpsr 1, 2, 3,4, 5unmn 6, r.e. n - 6.
BJaronpUATCTBYHO MMM CAYyUasAMU ABJAIOTCH BbIIAJLAHUA OMHON M3 LIUGp 2,
4 nam 6: m — 3. Uckomas BepOATHOCTD

P(Ay=m/n 3/6=1/2.

Kak Buauo ua oupeneseHuit Bepoarioct cobsitns (2.2) u (2.3), n21a Bcex
cobbiTnit 0 < P(A4) % 1.

Cobovimus, komopbie npu JaHHBLX UCLLLMAKRUAX HE MO2Ym npo-
u3olimu, HaA3bl8AIOMCA HEBOIMONCHBIMU: UX 6€POAMHOCMb PABHA
HYRIO.

Tak, Hanpumep, HEBOIMOIKHO U3 YPHBI ¢ 6€IbIMU U UEDHBIMU IIIa-
paMu BBITAL[UTL KPACHBIN IIAap, HEBO3MOXKHO Ha MUI'DAJBHON KOCTH
noJay4yuTs uudpy 7.

Cobbtmue, komopoe npu OanHoOM ucnoimarnuu o6azamensrHo
npou3soildem, na3vieaemca 00CMOGEePHbLM, €20 6EPOAMHOCTb PAE-
Ha 1.

IIpuvepom JOCTOBEpHOIO coObITUN ABJASETCA U3BJIAeUyeHUe 0er10ro
1apa U3 ypHbI, B KOTOPOIl HAXOAATCH TOJBKO Oesble 1aphi.

B psage cayuaerR BBIUHMCIUTH BEPOATHOCTb COOBITUS OKAa3bIBAETCHA
MpolIe, ecaH IPeACTABHTH ero B BUje KoMOUHAL UM 60Jee MTPOCTHIX COo-
OBITHI. JTOU LeaU cAyaT HeKOTOphble TeopeMbl TEOPDUU BepPOATHOC-
Tel.

Teopema ca03keHMS BEPOSATHOCTEH: 6EPOAMHOCMb NOAENEHUR
odnozo (6e3pa3nuvnHo Kakozo) cobbimusn u3 HECKOAbKUX HECOE6-
MecmHbLx cobbimuil pagna cymme ux eepoamuocmet.

His nByx HECOBMECTHBIX COOBITUH

P(A nin B) = P(A) + P(B). (2.4)

Jloxaxkem oty Teopemy. [lycTe n - obiilee uiesi0 HCBITAHUM, M,
YUCJIO CHyuaeB, 61aropHATCTBYIOUIMX coObITHIO A, m, - UYHCJIO CAY-

yaes, 6JAronpuATCTBYIOHIUX cobbiTiio B. Yucno cayyaen, 6aarorpu-
ATCTBYIOHIMX HACTyILIeHUIO JM60 coObITUA A. 1160 cobbiTus B, paBHo
m, + m,. Torna

m com, m n.
P(Awum By = -1 F oy L

n n n
Orcona, yvuurnisas (2.3), nMeem

» P(Aunau B) = P(A) t P(B).



* HajiiTh BeposTHOCTH Bbinagauus 1 nim 6 upy 6pocaHuu UrpaibHOR KoCTH.

V¥ CobbiTus A (Boitaganue 1) u B (Boiltaanve 6) ABas0TCH paBHOBO3MOXK -
ubIiMu: P(A) = P(B) = 1,6, nnoaroMy 13 (2.4) Haxoaum

1

P(A uan B) - é +

1
3

[= 30

CoomeHue 8ePostMHOCMel Cnpaged.iu8o He Moabiko das 08yx, HO
u 014 1100020 HuUCAd HeCOBMEeCMHbIX COObLMUIL.

* B vpie naxoaures 50 mapos: 10 6eanix, 20 uepHsIxX, H KpacHbIX U 15 cH-
Hux. HaiiTu BeposarHocTn mosBaenust 61010, MM HYEPHOTO, MJM KPACHOrO
Hiapa OpM OJHOKPATHON ollepalii U3bATHS Iapa U3 VPHBIL.

¥ BeposarHoeTh BLIHMMaHHUs 6el1oro wapa (cobbiTne A) paBHa P(A) =
= 10,50 = 15, uepnoro mapa (cobbirne B) - P(B) -~ 20,/50 = 2/5 u Kpac-
1oro (codoitne C) — P(C) - 5.50 = 1°10. Orcioaa o dopMy.ie cJ0OKEHUA Be-
poardocteit noayuum P(Auau Buan )  P(A) - P(B) - P(C)=1/5+2/5 +
~1710 - 7-10.

Ecau dea cobbimus eQUHCMEEHHO 603MONMCHBL U HECOBMECMHbL,
mo ux Ha3bL6aOM NPOMUEONONONHBIMU.

Takue cobbiTUs HPHHATO 0003HAYATD, HAlIIDUMeD, A U A.

Cymma eepoamunocmeli 06Yyx nNpomMueoOnoOLONCHbLX coGbimull,
kak credyem u3 meopembl CAONEHUA epoAmMHOcmell, pagia edu-
HUye:

P(A) - P(A) = 1. (2.5)

* [IpOHLTIOCTPHPYEM CHIPABEAJIHBOCTL (2.D) Ha UpeabllyLIeM [pUMepe.
IIvers BoiuMatime 61010, 11711 YepHOro, UK KpacHoro niapa 6yaetr coObiTH-

em A,, P(4)) 7 10. 1IpoTHRONOIOMHBIM cOOBITHOM A | ABJIAETCA JOCTaBa-
Hite cuHero mapa. Tak Kak cuHux Uapos 19, a obusee KoandecTBo mapos 50,
TO HOTYHACM 1’(;4]) 1550 3.10u P(A)) - P(;l]) - 7/10 + 3710 = 1.

# B ypue Haxoaarea Ge.ble, YepHble U KpacHble uiapbl. BeposTHOCTS j0-
CcTaBaHUs 4YePHOro WM KPACHOTO Hiapa pasda 0,4, HaliTn BeposTHoCTb foCTA-
BAHUA 13 ypuu! fes0ro mapa.,

Y 0O603uauuM A cobpiTHE BbIHHUMaHUA 4YepHOI'0 MJAH KpacHOro uiapa,
PA) 0.4; npoTHBONOTOKHLIM cobblTHeM A Oyier uybsTHe Oesoro ma-
pa, TOrA Ha 0CHOBAHUH (2.5) BEPOHTHOCTE HTOFO cobbius P(A) - 1 — P(A) =

1-0,4- 0,6.

Cucmemy cobuimui (A;, A,, ... A,) nassigarom noanou, ecau

npU UCNBLMAHUAX HACMYNUmM O0HO U MOAbKO 0OHO U3 Imux cobbi-
muii. Cymma 6epoamuocmeil cobuemuil, 06pa3yrOuux NOAHYIO CUC-
memy, paéna edunuye.
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* B ypue umeercs 40 mapos: 20 Geanix, 15 yepHbix u 5 KpacHbIx. Beposr-
HOCTb MOABJeHUs Gejgoro mapa (codwiTue A) paBHa P(A) = 20/40 — 1/2, naa
yepHoro utapa (cobsitue B) — P(B) = 15/40 = 3/8 u naa xpacHoro mapa (co-
ouiTie C) — P(C) = 5/40 = 1/8. B aToM cayuae cuctema cobeTuii A,, 4,, A,
ABJSETCA 1I0JJHOM; MOKHO ybequrbea, uto P(A) + P(B) - P(C)= 1/2 + 3/8 -
+~1/8 - 1.

Teopema yMHOMEHHMS BEePOATHOCTEH: 6ePOATMHOCIL COBMECMHO-
20 nosereHun He3asucumblX cO6bimuil pasgHa npouiéedenHulo ux
gepoamuocmei. [ns 1ByX coObITHI

P(A n B) = P(A) - P(B). (2.6)

Hoxaxxkem aty teopemy. Taxk xkak coObITia A U B He3aBHUCHMBbI, TO
Ka)XJOMy M3 m, CJayuaes, 6JarompHATCTBYOUIUX A, COOTBETCTBYIOT
m, cay4aes, 6naronpuarcreyomux B. Takum o6pasom, obuiee 4nUCIO
cayyaen, 6J1aTONPHATCTBYIOMIMX COBMECTHOMY NMOABJIEHUIO coObITHIT A
n B, paBao m,m,. AHaJOTHYHO, 00IIlee YUCIO PABHOBO3MOMKHBIX COGHI-
THi paBHO N n,, rae n; U n, — YNACJIa PABHOBO3MOMKHbIX COGBLITHIA Co-
oTBeTcTBeHHO 1A A u B. Umeem

nm,m, _ n, n,

P(A u B) = — = P(A) - P(B). 2.7)

nyn, ny,on,

* B ogHO¥ ypHe HaxoguTes 5 YepHbIX ¥ 10 Gesasix wapos, B Apyroi 3 yep-
HbIX U 17 6eapix. HaiiTu BepOATHOCTH TOr'0, YTO IIPY 11€pBOM BIHUMAHHU I11a-
POB U3 KaXJ0#l ypHbl o6a wapa okaxkyrtea: 1) yuepasivMu; 2) 6es1biMu; 3) B riep-
Bofl ypHe 6yoeT BLIHYT uepHbIi 11ap, a BO BTOPOil — Gesnlil; 4) B nepBoil ypHe
OyzmeT BuIHYT OeJsiblil 11ap, 4 BO BTOPOH — 4YepHBbIi.

V¥ BeposaTHOCTH BLITACKUBAHUA Y€PHOTrO NIapa U3 nepBoil ypHsbl (cobbiTre A)
paeua P(A) - 5/15 = 1/3, uepHoro 1apa u3 BTOpOH ypHB! (cobuiTHe B) —
P(B) = 3/20, 6esoro miapa u3 nepBoil ypHsl (cobuiTue A') - P(A') = 10/15 =
= 2/3 u GeJsoro wapa u3 1epBoil ypHsl (cobsiTue B') — P(B') = 17/20. Haxo-
JUM BepOSTHOCTh COBMECTHOI'O IIOABJEHUS ABYX He3aBUCHUMBLIX COOBITHH IO
dopmye (2.6):

1) P(Au B) — P(A) * P(B) - (1/3)(3,20) - 3/60  ofa mapa uepHsple;

2y P(A'u B')= P(A') « P(B')Y=(2/3)(17,20) = 17,30 --- oba miapa 6eanle;

3) P(A" u B') = P(A) + P(B')=(1/3)(17/20) - 17/60 -- B nepBoil ypHe Oy-
JeT BBIHYT YepHbIH UIap, a BO BTOPOH -- Gewlil;

4y P(A'u B) P(A") + P(B) (2/3)(3/20) 1/10 - B nepsoi ypHe Oyier
BBIHYT OeJIblii 11ap, a BO BTOPOH -— 4YepPHBI.

Bee yeTwipe BosMOXkKNbIX caiyyaa A u B, A' u B', A uw B', A" u B obpasytor
NOJHYIO cUCTeMY cobbITUli, 1T0dTOMY

PAuB)-PA uB)~PAuB)~-PA uB)
360 +17.30°+17/60 - 1/10 1.
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* HaliTH BePOATHOCTH TOI'0, YTO B C€Mbe C TpeMs JeTbMH BCe TpPOEe Chl-
HOBbA. CUUTATH, YTO BEPOATHOCThL POKAEHUA Manwbuuka paBHa 0,515 u noa
KaA0ro nocjeayiouiero pebeHKa He 3aBUCUT OT 110.1a IPeAbIAYIIHX qeTel.

Vilo reopeme yMHOXEHUA BepPOATHOCTEH,

P(AuBwucC)=0,515"- 0,515 - 0,515 =0,14.

Teopema ymuoxcenus epoamuocmell YCiLOHHAEMCA, €CLU ON-
pedensemca 6epoOAMHKHOCMb COOGBIMUR, COCTNOAU,€20 U3 COEMECTHO-
20 noagrenus 0syx sasucumbvix mexcdy coboil cobvimuili. B mom
cayvae, kozda cobbimue B evinonnsemca npu ycaoeuu, 4mo cobwi-
mue A umeno mecmo, 6ePOAMHOCMb CO6MECMHOZO NOAGLEHUA
deyx amux cobvimuil pagHa

P(A u B) = P(A) + P(B/A), (2.8)

rae P(B/A) —— ycir08Has 6eposmMHOCMb, T. €. BePOATHOCTb cobbiTuA B
11pH YC.IOBHU, 4TO COOBITHE A COCTOAJIOCD.

* B ypHe 5 utapos: 3 6envix ¥ 2 uepHbIx. HallTu BeposiTHOCTH TOTO, UTO 110-
CNeZOBATEABHO OLUH 38 APYTUM OVIYT BBIHYTL] YepHBIIT ¥ 6eJblif apsl,

V¥ BeposTHOCTB TOI'O, UTO 1I€PBBLIM OyAeT U3'bAT YepHbIi 1ap (cobbiTHe A),
pasHa P(A) — m/n - 2;5. [loc.1e yoanenus 4epHOro llapa B ypHe octaeTcsi 4
mrapa: 3 6eawsix U 1 yepHplil. B 3ToM ciyuae BepOATHOCTh BLIHUMAHUSA 0eJI0I0
napa (cobneiTue B nocie BulnmosHeHUA cobulTusa A) paBHa P(B/A) - 3'4. Ue
noJsis3ys (2.8), mosayuaem

P(Au B) = (2/5) (3 4) - 3/10.

§ 2.2. Cayuaitnas Be1MuHMHA.
3akoH pacnpeaejeHUs.
YucioBbie XapaKTePUCTHKH

Onpenenenne caydaiHoO BeJMYUHbIL. MHOrMe caydaiinbie coBbl-
TUA MOI'YT OBITh OlleHeHbl KOJIMYEeCTBEHHO CJAYYAHHBIMU BeJIM4MHAMH.

Cryuailnold nHa3bleaom makyro 6€AULUHRY, KOMOPAA NPUHUMA-
em 3HA4eHUA 8 3a6UCUMOCTU OM CMeieHUf CAYHailHbix 06cmo-
amenvcms.

CnyyailHbIMU BeTM4YuHAMU ABIAKTCS: YMCA0 HONLHBIX Ha Npueme
YV Bpaua, yuciIo CryJeHTOR B ayAUTOPIM, YHCI0 PoXKIEHUH B ropoje,
MPOJOJIKUTENBLHOCTE KU3HHU OTAEJbHOT0 YEeJIOBEKA, CKOPOCTh MOJ1€-
KyJbl, TeMIlepATyPa BO3AYXA, (10TPEIIHOCTH B U3MECPeHUH KaKoii-s11160
BeMUUMHBL 1 Ap. Ecau nporymeponars 1iaphl B ypHe IpUMMepHO TaK,
KaK 9To JeJal0T IPU PA3bIrphbIBAHUM THPAXa JIOTO, TO IIPOUIBOJIbLHOE
BLIHHMAHUE 11apa M3 YPHBI TOKaXKET YICI0, ARTIIONIeEC caydainoi
BETHYHHOM.
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+ 2 PagnuyaloT AUCKPeTHble U HellpephbIBHbIe ciaydaiiHble BeJTUYMHBI,
i Cayuailnasa 6eruvuna HA3bléaemcsa Ouckpemuol, eciu OHA
,’ﬁ'p;mu.uaem cuemHoe MHONCeCTE0 3HaveHull: Yuciao 6yKB Ha IIpOU3-
. gOJIbHOH CTpPaHMIle KHUTH, 9HEpPrus dJIeKTPOHA B aTOMe, UHCJIO BOJIOC
.<ja ToJIOBe YeJIOBeKa, YMCJIO 3epeH B KOJIOChAX, YHUCJIO MOJIEKYJ B Bbl-
AeJICHHOM ofbeMe ra3a U T. 1.

Henpepoviénaa CAy4aiiHas 6eAuiuHa nNpurumaem nwbbie 3Ha-
NeHUR BHYMpPU HEKOmOpoz0 UHmMepéana: TeMllepaTypa Teja, Macca
gepeH B KOJIOCbAX IIIEHHUIbl, KOOPAUHATA MecTa [IONaAaHus NyJH B
genb (IpHHMMaeM IyJII0 3a MaTepUalbHyI0 TOYKY) U Jp.

Pacnpenenenve XHUCKPETHOH ciaydyaiHOH BeJWUYMHBI. J[MCK-
peTHAs CcayvaiiHasd BeJUYMHA CYMTAETCS 3aJaHHOM, ecau yKkasaHbl ee
PO3MOIKHbBIE 3HAUYEHUS U COOTBETCTBYIOLIHE UM BeposiTHOCTH. OGo3Ha-
d¥M JHCKDPETHYIO CYYaiiHyio BeJNMUYMHY X, ee 3HAUEHUA X;, X,, ...,

a sepoatHoctH P(x,) = p,, P(x,) = p, nut. 1. Cosoxynnocms X u P

masvieaemca pacnpedenenuem Juckpemunoll CaAywaiiHol 6eruwu-
#sw (Taba. 1).

Tab6ruya 1
X X, X, Xy X, X,
P P By Pa Py Py

Tax xak Bce BO3MOsKHble 3HAUYEHUSA AMUCKPETHON ciaydaiiHON Bean-
YHMHBI IpeACTABAAIOT NONHYIO cucremy (cm. § 2.1), To cymma BeposAT-
HOCTeil paBHa eJUHUILE:

n
> P(x)=1. (2.9)
1= 1
3xech 1pexpnonaraeTcs, 4YTO AMCKPeTHasA CJaydyaiiHas BeJIMYMHa
mMeeT n 3HaueHUil. BuiparkeHue (2.9) HasbiBaeTcs ycrosuem Hopmu-
posxu.

* CnyuaiiHoil Be1MUUMHON SABJIAETCH YMC/JIO OUKOB, BhINAZAIOLIMX HA BepX-
Heli rpany urpanbHOil KocTH. YKa3aTs pacrnpeneneHue aToi caydaiiHoH Beau-
UHH (Tabs. 2).

Tadruya 2
X 1 2 3 4 5 6
p 16 1,6 1/6 1/6 1/6 1/6
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* CnyvyailHO#M BeTMYMHOM siBJIsieTcss HOMep BUJa criopTa B urpe «Cnoptio-
To». Obliltee uncyo BUAOB paBHo 49. YKasars pacnpefesesue 3ToH caydalHoil
BeJuuHbl (Tadma. 3).

Tabaruya 3
X 1 2 3 49
P 1/49 1,49 1/49 1/49

BuromuassHOe pacmpenesnernne. [IycTs HeKOTOPOe HCHBLITaAHHe
IIPOBOAUTCA TPHKIBI U IIpH 2TOM cobbiTHe A npoucxonut I pas (I —
crnyvyaidHas BeJIMUYMHA, KOTOPAA IIPU TPOMHOM MCIIBITAHHUK MOMKET HPH-
HUMAaTh 3HaveHus 0, 1, 2 u 3). BepoATHOCTL HACTYIJIeHUA COOLITUA A
paBHa P(A); BepOATHOCTb TOTO, UYTO COGBITHE A He HPOUCXOAMT, T. €.
MMeeT MeCTO IIPOTHROIIOIOMHOe cobbriTie A, paBHa [1 - P(A)].

3Hayenue [ = (0 COOTBETCTBYeT TaKOMy CJIyYaio, NPH KOTOPOM
TPUKABL noapan cobbiThe A He NpPoHUCXOoANJI0. BepoATHOCTH 3TOro
CJIOXKHOro coOBLITHA, MO TeopeMe YMHOXXeHHsi BepoATHocteil (2.6),
paBHa

P(Au Au A)=[1-PA][1-PA][1-PA)] =[1- PAP.
3HayeHue [ = 1 OTHOCUTCA K CJAyYal0, P KOTOPOM coBbITHE A IIpO-
K30IIJI0 B OJHOM M3 Tpex ucnbiTaHuil. [To dopmyse (2.6) nonyyaem
PAu A u A) = P(A)[1 - P(A][1 - P(A)] = P(A)[1 — P(A)]2.
Tak kak npu [ = 1 NPOUCXOAAT TAKMKE U ABA JPYTUX CJIOMXKHBIX CO-
6biTHA: (A HA K A)nm (A n A u A), T0 HeOGXOAUMO, BOCIIOIb3OBAB-
LIKCh TeOPEMOil CJI0XKeH A BepoATHOCTel (2.4), NOJYYUTE MOJHYIO Be-
POATHOCTL 1A [ = 1, CIOKHUB TPHIKALI IpebIAYIllee BhlpasKeHHe:
PAnAn A, mm AunAun A, Au A nA)=3PA)[1 - P(A)]2.

3HayeHue [ = 2 COOTBETCTBYET CIy4Yalo, P KOTOpPOoM colbiTHe A
[IPOM3OIILJIO0 B ABYX M3 Tpex HCIbITaHMit. PaccyxaeHnaMu, nogobHul-
MU IPHBeJEHHBIM Bbillle, MOJYYUM MOJHYIO BEPOATHOCTH AJS ITOrO
cayyas:

PAnAnA, nmmAun A ndA, ninAuAun A) =
= 3P2A) [1 - P(A)].

IIpu [ = 3 cobriTHe A noABasieTcA BO BCeX TpeX ucublTanusax. Hc-
1HON1b3y Al TEOPEMY YMHOMKEHUSA BEPOATHOCTEN, HAXOAUM

P(AuA n A) = P3A).
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.
& B umrore nojyyaeM GUHOMMATbLHOE paclpelesieHue, copepiKaliee
“u%e-rmpe ynena (tabi. 4).

L

< Tabauya 4
l 0 1 2 ‘ 3
P [1-PA)E | 3PA) - [1 PP | 3PYA) - [1 - PAN P¥A)

{ Qe

B obuieM ciyyae 6HOMHaJLHOE paclpeaeseHne MO3BOJAET OMpe-
JieJIATh BePOATHOCTD TOTO, UTO COGbITHE A poU30iieT [ pas npH n uc-
OEITAHUAX:

p,=CLp'(1-py |, (2.10)
i'gep = P(A); sz — YHCJIO cOYeTaHMNH U3 1 2JIeMEeHTOB [1o [, paBHOe
Cl:n(n—l)...(n—l+1)__ n!
n

] MNn-0"

* Ha ocHOBe MHOIoJIeTHUX HaGJIOAeHU BhI3OB Bpava B JAHHBIN j/0M oLe-
sEBaeTcs BepoaTHOCThIO 0,5. HaliTy BepoATHOCTL TOrO, YTO B TeYEHHE IIIeCTH
ARHel npousoiineT yeTkipe Bui3oBa Bpaua; P(4) - 0,5, n =6, ~ 4.

V¥ Bocnoanayemes dopmyaoi (2.10):

6543
1.2

P = (05)4'(05)3—02?4

Yucnosble XapaKTEPHCTHKH ANCKPETHON CIIy4alHOM BeJIMYM-
"HBI. Bo MmHOrMx ciayyasax, Hapsay ¢ pacipeleieHueM Cay4alHoU Be-
#MYMHBI UM BMECTO Hero, HHGOpMAaIlMK 00 3TUX BEJHUYMHAX MOTYT
.BATH YUCJIOBBLIE [TapaMeTphbl, MOJYUYUBIUKE HA3BAHHE YUCAOGLLX Xa-
Paxmepucmux cayqainoi eeruwunst. Paccmorpum nHanbosee ynor-
peburesbuble U3 HUX.

Mamemamuuecrkoe omcudanue (cpednee 3nauenue) cayiaiinou
8eAUYUHBL ecTnb cyMmma npou3gederull cex 603MOICHBLX €€ 3HAYe-
KUl Ha éepoamHocIU IMUX 3HAYEHLI:

M(X) = x,p; + 2,0, 4 .ot x,p, = pr (2.11)

IIycTs npu 60JbILIOM YKCJe UCIILITAHUN N AMCKDPeTHAas cJydyauHas
: . BeImunua X npuHMMaeT 3HaYeHUs X1, X,y «..s X, COOTBETCTBEHHO M,

“mz' sesy M, pas. Cpezmee 3Ha4YeHHUue paBHO
mpx, + myx, t ... - m,x m, m

<X> = X, — b X,
- n n T n

35




Ecnu n Benuko, TO OTHOCHTENbHBIE YACTOTBI M, /N, My/n, ... GyayT

CTPEMUTBHCS K BEPOATHOCTAM, & CpeJHss BEJINYHNHA — K MatTeMaTrHnye-
CKOMY OXHUAAHHIO. Hmenno [No3TOMY MaTeMaTU4YeCKoOe OXKHUAaHHe Yyac-
TO OTOXKAECTBJIAIOT CO CPEJHNM 3HAYEeHUEM.

* HallTu MaremMarudeckoe OXKUJaHVe AJs JUCKPETHOH clydyailiHOM BeJu-
4YUHBI, KOTOpas 3ajaeTcA IUGPOI Ha rpaHU NMpHU 6pocaHU M UrpaJIbHOM KOCTH
(cM. Tabu. 2).

VHUcnoawadyem dopmyny (2.11):

MX)=1-1/6+2-1/6+3-1/6+4-1/6+5-1/6+6+1/6=7/2=3,5.

* HaifTu mMaTeMaTHyecKoe OXHAaHUe AJA TUCKPETHOM ciaydaiHOH Beu-
4YMHBI, KOTOpas onpegesercs Tupakom «Cuoprioro» (cMm. taba. 3).
V¥ CornacHo ¢opmyde (2.11), Haxogum

MX)=1+1/49+2 < 1/49+ ... +49 - 1/49 = 25.

BoamoxxHble 3HAaUeHNA JUCKPETHOH ciaydYaHHOH BeJNYUHBI pacCcesiHbl BO-
KPYT ee MaTeMaTHdeCcKOro O’KUAAaHNAA, yacTh U3 HUX npesBbimaer M(X), yacts —
meHbllle M(X). Kak oueHUTs cTeneHn pasbpoca cayvalinoil BeJMUMHBI OTHO-
CUTeNIbHO €e cpefHero 3HaYeHNsA? MoXeT mokasaThCsi, UTO AJNS PEINEeHUA Ta-
KOIl 3aaUM cJjiefyeT BLIYMCJIHNThL OTKJIOHEHUA BCeX CIyUalHbIX BeJIMYMH OT ee
MareMaTHyecKoro oxugaHus X — M(X), a sateM Ha¥iTu MaTeMaTHYeCKOe
OXXUZAaHUe (cpellHee 3HAUeHUe) ITUX oTKJOHeHHT: M[X — M(X)]. Bes nokasa-
TeJILCTBA OTMETHUM, UTO 3Ta BeJUYMHA PABHA HYJIIO, TAK KAK OTKJIOHEHUS CJIy-
YaMHBLIX BeJIMYMH OT MATEMATHYECKOr0o OXKUAAHUNA UMEIOT KaK MOJOXKUTe b-
Hble, TaK U OTPHILATe/bHBIe 3HAUeHUs. [103TOMY nenecoobpa3Ho YUUTHIBATH
n1ubo abconoTHble 3HaYEeHUA OTKIOHeHU M[X — M (X)], 1ubo ux KBaapaTsl
M[X - M(X))?. Bropoii BapuaHT OKa3blBaeTCA MpeANoYTHUTEeNLHee, TAK MpH-
XOJAT K IMOHATHUIO JUCIIEPCUU CNyyallHON BeJTUYHHBI,

Hucnepcueil caywalinoll 6enuxwuHnb. HA3LLEAIOM mamemamuye-
cKOe OxcudaHnue Keadpama OmMKIOHEHUA CAYUAUHOU 6eNULUHBL O
ee MaAmemamuieckozo oHudanua:

D(X)=M[X - M(X)P%. (2.12)

Bes BbiBOAA NIpUBeAeM yAOOHYIO A1 BLIYUCAEHUA AUcepcHn dop-
MYy
D(X) = M(X?) - [M(X)]% (2.13)

OHa o3”ayvaeT, 4YTO AUCIlepCHUsA paBHAa PAa3HOCTH MeEXOYy mMmaTeMatH-
YeCKHUM OXXHIJaHHeM KBaJpaTa cnyqaﬁﬂoﬁ BeJHUYUHBI X U KBagpaToM
€€ MaTeMaTHU4YeCKoOro oXxXmuaaHus.

* Haiitu aucnepcuio cayvyailHOH BeIMUMHBI, KOTOpas 3afaeTrcs uugpoil Ha
rpasy npy 6pocaHuu UrpalbHON KocTu (cM. Tabu. 2).

¥ MaTemaTuveckoe OKHUJAaHUE 3TOr0 pacipeneseHus paBHo 3,5, 3anuiuem
3HAUeHUA KBAJPATOB OTKJIOHEHUA CHydYaHHBIX BENHUYUH OT MATEMATUYECKOTO
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oxxkuganus: (1 — 3,5)%2 = 6,25; (2 - 3,5)% = 2,25; (8 — 8,5)2=0,25; (4 — 3,5)2 =
= 0,25; (5 - 3,5)2 = 2,25; (6 — 3,5)2 = 6,25. ITo dopmyse (2.12) ¢ yueTom
(2.11) Haxonum qucrepcuio:
D(X)-6,25-1/6+2,25-1/6 +0,25 - 1/6+0,25 + 1/6 +
+2,25-1/6+6,25 - 1/6 = 2,9167.
BriunucauM aucliepcHo, BOCIOIbL30BaBIUNCHL Gopmyoii (2.13):
[M(X))? = 3,52 =12,25;
_M(X2 =12-1/6+22-1/6+3%2-1/6+42-1/6 152+ 1/6+
+62-1/6=15,1667;
D(X) = 15,1667 - 12,25 = 2,9167.

Kax craenyer u3 (2.12), nucnepcusa uMeeT pa3MepHOCThL KBajpara
pasMepHOCTH cay4aiHoil Be1M4YMHBI. [115 TOro 4robul o1ieHUBATh pac-
cesiHUe CJyYailHON BeJMYMHBI B efMHHUIAX TOH Ke pasMepHOCTH, BBO-
IAT NOHATHE cpedHezo Keadpamuueckozo OMKIOHEHUA, MOJL KOTO-
phIM NOHMMAKOT KBAaJAPATHBIN KOPEHb U3 JUCIEePCHU:

o= JD(X). (2.14)

Pacnipenenenne n xapakTepUCTHKHN HEINPEPBIBHON CIydam-
HOH BeJiMuMHbI. HenpepoiBHYIO CaydaliHyl0 BeJWYMHY HeIb3d 3a-
IaTh TeM Ke 3aKOHOM pacnpejesieHUs, 4To M AUCKpeTHyw. B atom
cJIydae MOCTYHAOT CAeAVIOUM 0Gpa3oM.

IIycts dP — BepOATHOCTHL TOTO, UTO HellpepbLIBHAA ciayvaiiHasa Be-
auyuHa X IpHHUMaeT 3HayeHHA Mexay x u x + dx. OueBuaHO, YTO
yem Gonbliue wHTepBat dx, rem Gosbille 1 BepositTHOoCTh dP: dP ~ dx.
Kpome T0Oro, BepoATHOCTh AOJIKHA 3aBHCETh M OT caMo¥ cjayuaiiHoi
BeJINYNHBI, B6IM3N KOTOPOH pacoJioiKeH HHTepBaJ, oaTOMY

dP = f(x)dx, (2.15)
rhe f(x) — naomHoCMb @epoAMHOCMU, WK PYHKYUA pacnpedene-
Husa eepoamnocmeii. OHa [OKA3blBaeT, KaK HM3MEHAETCA BEPOAT-

HOCThb, OTHECEHHAA K MHTepBaay dx ciydyailHO#M BeJWYVHBI, B 3aBUCH-
MOCTH OT 3HAUEHHNA caMoil 3TOI BEJITMUYUHDI:

f(x)=dP/dx. (2.16)

Unrerpupys BoipakeHue (2.15) B COOTBETCTBYIOIIUX IlIpefesnax,

HaxOJ M BEPOATHOCTh TOI'0, YTO ClAydaiiHas BeJJMUNHA MPUHAMAET Ka-
Koe-1160 3HaueHWe B HHTepBaJje (ab):

P,= j: fx)dx. . (2.17)
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¥YcsioBHe HOPMUDPOBKM [Jif HENPEepPBIBHOM Cay4aliHONW BEeJUYKHBI
uMeeT BUJ

1= [ f(x)dx. (2.18)

Hapsizy c NJIOTHOCTBIO BEPOATHOCTH B MareMaTHKe HCIIOJb3YIOT
TaKXe U QYHKYUIO pacnpedeenus HenpepPbléHOU CAYHalinol eenu-
YUHbBL

X
F(x) = j'f(x)dx. 2.19)
Kak sugxo ns (2.19), ata GyHKIMA paBHA BEPOATHOCTH TOrO, 4TO
cay4yailHad BeTUYMHA NpUHHUMAaeT 3HaYeHUA, MeHbIlINe X:
F(x) = P(—0o < X < x).

J1a HenpepblBHOM CAYYAHHOM BeIHMYHMHBLI MaTeMaTHYeCKOe OXKHU-
JaHWe ¥ JUCIEePCHUsA 3alMCLIBAIOTCH COOTBETCTBEHHO B BUE

M(X) = [ xf(x)dx, (2.20)

*

D(X) = [ [x - M(X)Pf(x)dx. (2.21)

§ 2.3. HopmansHEIi 3aK0H pacnpeneaeHus

B reopun BeposaTHOCTEH 1 MaTeMaTH4eCcKoi CTATUCTUKE, B PA3INY-
HbIX TIPUJIOXKEHUAX BAXKHYIO POJIb UT'DAeT HOPMAAbHBLIU 3AKOH pac-
npedenenusn (3axon I'aycca). CiyvaiiHasd BeIMYHHA paclipeesieHa 1o
3TOMY 3aKOHY, €CJIM IIJIOTHOCThL BEPOATHOCTU ee UMeeT BU[

1 (x_a)?
flx)= e 20° (2.22)
Jeno
rae a = M(X) — MaTemMaTHyeckoe OXKHAaHHe CAYYaHHON BeJUUMHBI;
G — cCpeaHee KBaJpaTHUeCKOe OTKJIOHCHHWE; CJAeJ0BATEIbHO, G2 —

ANCIlepcHda CAy4aiHON BeJIMUYKUHBI.

Kpusad HOpMasbHOrO 3aKOHA pacupeleeHUs UMeeT KOJOKOJI000-
pasHyio dopmy (prc. 2.1), CHMMeTpHUYHYIO OTHOCHUTENHLHO NPAMON X = a
(11eHTp paccereanus). B TOUKe x = a QYHKIMA JOCTUIraeT MaKCHMymMma:

S
f(x)nmx ,\/—2_;[6
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ITo mMepe BoapacTauus |x — a| GyHKUKMSA f(x) MOHOTOHHO y6bIBaeT,
aCHMIITOTHYECKN APUGINKafAchk K HYJ0., C yMeHbIIEHUEM O KpHUBasf
CTAHOBHUTCH Bce GoJiee 1 GoJiee OCTpPOBEPLINHHON. M3MeHeHHe a mpH
IIOCTOAHHOH G He BJAMSeT Ha GopMy KPHBOM, a JUlllb CABHTAeT ee
BAOJBb ocH abcumce. Ilnomank, sakaoueHHas 104 KPUBOM, COrJiacHO
YCJOBUIO HOPMHPOBKH, paBHA enuHuie. Ha prucynke 2.1 n3obpakeHnl
Tpu KpuBble. [lasg kpuBbIXx I 1 2 a = 0, 3TU KpUBLIE OTINYAIOTCA 3HA-
yeHHeM G (0; < G,); kpuBasa 3 umeet a # 0 (¢ = G,).

Briuncnum dyHKR1MIO pacnpenenenus (2.19) aia aroro cayuyas:

x x  x-a?
F(x) = | flx)dx = J%m Je ¥ adx. (2.23)

OGBIYHO HCIIOJABL3YIOT HHOE BbIpa)keHHe (QYHKIHK HOPMAaJbHOIO
x-a
pacnpeaeneHus. Beegem HOBYIO nepeMeHHYI0 t = Z—=, cJe0BaTe b-
c

Ho, dx = odt. IlogcTaBuB 3T 3HaueHna B (2.23), MOAYUIUM
1 ct+a 9 x-a
F(x)= — e-t%/2dt =d(t) = P|T== (2.24)
J2n JL ( c

3HaueHusa GyHKIUU DP(f) 06BIYHO HAXOLAT B CIEUUAJbHO COCTaB-
JeHHBIX Tabaunax (cMm. [2]), Tak kak unterpan (2.24) yepea aJieMeH-
TapHble GYHKI UM He BuIpakaercd. I'paduk dyHkunu P(t) nzobparkes
Ha pUCYHKe 2.2,

Ha ocrHoBaHnH (2.17) MOXXHO BBIYMCJUTL BEPOATHOCTb TOrO, YTO
cay4yallHas BeJWYMHA IPX HOpMaJbHOM pacnpenejeHUM HAXOAWUTCHA B
uHTepBaie (x;, x,). Bea BoIBoga, o anasoruu c (2.24), yKaxkeMm, 4TO

3Ta BEPOSITHOCTL paBHa

P(x, <x<x)=@® 2%

) -ol?). (2.25)

C

fx)
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Bocmonbsyemcs Bbipa)keHHeM (2.25) nyiAd BLIYMCJAEHUSA CJAEIYIOLINX
BEPOSAATHOCTEN:

a)P(a—c<x<a+c)=cD("i__E) _(p(a‘(;—a> _
=@(1) - P(-1).

OrMmeTuM, uto P(—t) = 1 — P(¢), noaromy P = 2@(1) — 1. Ilo Tab-
aune Haxogum ®(+1) = 0,8413, orkyna

P=2-0,8413-1=0,683; (2.26a)

6) Pla —20 < x <a+25)=(2¥2078) _p(a-20-a) _
A c ] \ o J
=P(2) - P(-2) = 2P(2) - 1.
ITo Ta6amnue Haxoaum P(2) = 0,9772, oTKyna
P=2-0,9772-1=0,954; (2.260)

B)P(a—30<x<a+3c)=®($) —cp(‘l‘—ii“—“} =

= @P(3) - P(-3) = 2P(3) - 1.
Ilo Ta6amnue Haxoaum P(3) = 0,9986, oTkyna
P=2-:0,9986 -1=0,997. (2.26m)

Ha pucynke 2.3 npusegeHo HopmasianHoe pacnpezaenenue (a = 0) u
LIITPUXOBKON MOKa3aHbl 061acTH, IJIOIIAAHW KOTOPHIX PABHBI BEPOAT-
"HocTsim 0,683 u 0,954, ‘

JomycTiM, 4TO IPOM3BOJBHO 3 HOPMAJILHOTO pacipeneleHus BbI-
6upatorca rpynnsl [10 71 3HAYEHUH CAy4aiHBIX BeMUdYuH. s Kamaom
IPYNIB MOXXHO HARTH CpelHHE 3HAYeHU A, COOTBETCTBEHHO X, Xy, ...,

X, ... . ITH cpeJlHHe 3HaUeHUA caMK 06pa3yioT HopMaJibHOe paclpeje-

JJEHUue (B OTJINYHe OT U3JIOXKEHHOT'O Bbillle HOPMaJIBHOIO paclipejneJe-
HHA 31€CH KAXKIOMY CpeAHEMY 3HAYEHUIO X, ﬁyne'r COOTBETCTBOBATH HE

BEpPOATHOCTb, a OTHOCHTENbHAfA yacToTa). MaTemaTHueckoe OXKHIa-
HHe TAKOro « HOBOro» HOPMAJbLHOI'O paclipefejeHus paBHO MaTeMaTH-
YeCKOMY OXKHAAHHIO UCXOAHOr0 HOpMAaJbLHOTO pacipenejieHnd, a Juc-
niepcus (D)) u cpesHee KBaApaTHieCKoe OTKJIOHeHUe (C,) OTAAYAIOTCA

COOTBETCTBEHHO B N U B ﬁ pa3 OTHOCUTEJNBHO 3THX XapaKTepUCTHUK
VCXOOAHOTIO pacrpenejleHUA:

D =9HG =_G_.
n n n Jn

(2.27)
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f(x) n — oo (()'—v 0)
=16 (c=0,25)
n=4 (c=0,5)

% :
% n=1 (=1
i)
-26 -0 0 6 20 «x 9 x
Puc. 2.3 Puc. 2.4

JTo MmosoKeHMe 3JeCh He JOKA3bLIBAETCHA, HO €10 MOKHO MPOMJIIO-
CTPUpPOBAThL PUCYHKOM 2.4, Ha KOTODOM NpPHUBeIeHB! rpadMKH HOpP-
MAaJIbHBIX paclpejeseHHil, OJYYEHHbIX AJA IPYIN CO 3HAUSHUAMH 11,
paBubiMu 1, 4, 16, u n —» 00, Paccmorpum KpaifiHue YacTHBIE ClydaH.
IIpu n = 1 NpUXOAMM K HMCXOJAHOMY HOPMaNdbHOMY pacnpeneseHHIo,
noaromy 6, = 6. Ilpu n - © o, — 0; daxTHuecku B 9TOM Cayuae

«TPYINa CJAYyYalHbIX BEJIMYMH» — 9TO BCE MCXOJHOE PaclnpejeleHue,
APYTrMX TPyMNIl HeT, IO3TOMY cpegHee 3HAUEHHE BbIpaxKaeTcsd TOJBLKO
OAHHM HYHCJIOM M OHO COOTBETCTBYET MAaTEMaTHUYECKOMY OMHUAAHMIO.
Bce pacnpesesieHHMe CBOAUTCH K 3TOMY 3HAUEHMIO MATEMAaTHUECKOro
oxxugauu s (Ha rpaduKe npesCTaBleHO BePTHKAIbHOMI JUHUeH).

§ 2.4. Pacnpenenenus Makcseiia u Boabumana

Pacnpenenenne MakcBeina (pacnpeneieHrue MOJEKYJa rasa
1o cKopocTaM). B paBHOBECHOM COCTOSTHMU napameTphl rasa (aaBie-
HHe, 00beM M TeMIlepaTypa) OCTAlTCA HeM3MeHHBIMU, OHAKO MHKPO-
COCTOSIHUSA — B3aMMHOE€ PACIIOJIOXKeHUE MOJEKYJ, UX CKOPOCTH — He-
TNIpePLIBHO U3MeHAITCH. /13-38 OrPOMHOrO KOJIMYECTBA MOJIEKY.1 IIPaK-
THUYECKHM HE/b3d OINpeAe/UTh 3HAUEHUA UX CKOPOCTEH B KakKoii-n1mbo
MOMEHT, HO BO3MOXKHO, CUMTaA CKOPOCTh MOJIeKYJ HellpEePbIBHOI cay-
yaiiHOH BeJIMYMHON, YKa3aTh paclipeaesieHUe MOJeKYJ [10 CKOPOCTAM.

Boigenum oTaebHYI0 MOJIEKYIY. Xa0THYHOCTh ABMYKEHM S 103BOJISET,
HaNpyuMeD, AJ1A IPOEKIMH CKOPOCTH U, MOJIEKYJ1bI IPMHATL HOPMAILHBIN
3aKOH pacnpegesneHus. B arom cayuae, kak nokasan [xx. K. Makcsenn,
IJIOTHOCTH BEPOATHOCTH 3allMCHLIBAETCS CJIeAYIOIUM 00pasoM:

P 2
m ﬁf”
flv)= «gn ,;’T e ZHT | (2.28)

rape m, -— Mmacca MOJIEKY.BI, T — TepMOJMHaAMHWYECKada TeMrneparypa,
rasa, k — nocrosiiHas BosbiMaHa.

41



AHaJIOTHYHBIE BBIPAMKEHUSA MOTYT OBITh MONYUYEHb] A5 f(vy) u f(v,).

Ha ocroBanuu dopmyisl (2.15) MokHO 3anucath BepOATHOCTh TO-
r'o, 4TO MOJIEKYJIa MMEET IIPOEKI|MI0 CKOPOCTH, JIEXKAIYIO B UHTEPBaJIe
orv, mov, +duv.:

dP, = f(v)dv,; (2.29)

aHAaJIOTMYHO AJs JPYTUX ocekl
= f(vy)dvy, dP, = f(v,)dv,. (2.30)
Kasxgoe na ycnosuii (2.29) u (2.30) orpaskaeT HesaBUCHMMOe COBbITHE.
[ToaToMy BEpOSITHOCTBL TOTO, UTO MOJIEKYJa MMEET CKOPOCTb, IPOEK-

MM KOTOPOH OJHOBPEMEHHO YAOBJETBOPAIOT BCEM YCJOBHAM, MOXHO
HAHTH 10 TeopeMe YMHOMKeHHUA BeposaTHocTeil [cM. (2.6)]:

dP = ddePysz = f(vx)f(vy)f(vz)dvxdvydvz. (2.31)
HUcaonnaysa (2.28), us (2.31) nonyuaem
mu(vf, - v: P vf)

3
dP = (2;";7“) e ZFTdv,du,do, (2.32)

OTtmMeTHM, 4TO 13 (2.32) MOKHO IOJYUNUTL MaKCBEJJIOBCKYIO DYHK-
IMIO pacupeneneHus BepOATHOCTeH aGCOMIOTHBIX 3HAUEHNH CKOPOCTH
(pacnpedenenue Maxceenna no ckopocmam):

2
m0L

)= (g7 ) vre T 2.39)

M BePOATHOCTb TOr'0, YTO CKOPOCTh MOJIEK YLl MMeeT 3HaUeHUE, JIeKa-
11iee B MHTepBaJie oT v g0 v + du:

mgu?

dP = f(v)dv = 4n /(;;";T) v2e ZFTdp, (2.34)

I'padux dyarnum (2.33) usobpakeH Ha pucyHke 2.5. Ckopocme,
coomeéemcmeyouyyro maxcumymy kpueoi Maxceenna, nasviearom
nausepoamuetiweii v,. Ee MoxHO onpeaenuTs, UCIONL3ys YCAOBHE

MaKcuMyMma QyHKUUU:

df(v) _
dv 0,
Uu
3 m_ 3 / mgel 2m.v ’"0"5\
/(é——) |2ve T — p2 2k0TRe _2_’?_) =0,
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OTKyZa

U;f:M,UB: [2RT (2.35)
Mo My

CpeaH00 CKOPOCTh MOJIEK YIB! (MaTEMATHUECKOE OKUAAHME) MOXK-
HO HaiiTH 1o obiemy npasuay [em. (2.20)]. Tak Kak omnpexaensieTcs
cpenHee 3HaYeHMe CKOPOCTH, TO Mpeaesbl HHTerpupoBauus 6Gepyr ot 0
0 °° (MaTemMaTHYecKMe MogPOOHOCTH ONYIIEHbI):

e T me? —
= Mo 3. 357 4., — |8kT _ [8RT
<p> i 47 J(znkT) vie 2kT dp ,\jn—mo = ’\]W 5 (2.36)

rge M = myN, — monsApHasa macca rasa, R = kN, — yHuBepcaibHas
rasopad NocTosAnHad, N, — uucjao ABoraapo.

IIpu yBenuueHuMm TeMIepaTypbl MaKCHUMyM KpuBOil Makxcseana
CMelaeTca B CTOPOHY OOJMBIIMX CKOPOCTEH U pacnpeaeeHrue MOJeKyl
1o v BuaouaMenserca (puc. 2.6; T, < T,).

Pacnpenenenne MakcBesna Mo3BONSAET BhIYMCJAMTL YHCJIO MOJeE-
KVJI, CKOPOCTH KOTOPLIX JIEXKAT B ONpeAeseHHOM HHTepBase Av. [loay-
YUM COOTBETCTBYIOUIYIO hOPpMyy.

Tak xkak obiee uucjao N MoJjieKyJ B rade o0LIYHO BEJIMKO, TO BEPO-
ATHocTh dP MoxxeT ObITh BhIpa)keHa KakK oTHouweHune yuciaa dN mosne-
KYJ, CKODOCTH KOTOPbIX 3aKJII0UeHbl B HEKOTOPOM MHTepBaje dv, K
obiemy uucay N monexky.a:

dpP = dWN , wiu N = NdP. (2.37)

W3 (2.34) 1 (2.37) cneayert, 4TO

2

dN =4nN /E—ﬂ \Iz vie ;"‘;"du. (2.38)
N \2rnkT/
ftv) ftv) T,
T,
0O bB v O Up Vg v
Puc. 2.5 Puc. 2.6
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dopmyaa (2.38) nosBossieT OnpeaesuTh UKCJI0 MOJIEKYJ, CKOPOCTH
KOTOPBIX JIEKAT B MHTEPBaJe OT U, 10 U,. JlnA 3TOro HyXHO NpOuHTEr-

pupoBath (2.38):

[ mg 2oz, T
(o) fv%e P77 do (2.39)
Uy

N,,=4nN
aubo rpadYeCKH BBIYMCIHUTD IJOILAAb KPUBOJUHENHON Tpanenuu B
npejenax oT vy xo v, (puc. 2.7).

Ecnu nHTepBasa ckopocreil dv 70CTATOYHO MaJl, TO YUCJI0 MOJEKYJI,
CKOPOCTH KOTOPBIX COOTBETCTBYIOT DTOMY WHTEPBANy, MOeT ObITh
paccunTano npubiamxeHHo no dopmyse (2.38) uau rpadpuuecKr Kak
nJjomanb NpAMOYToJbLHUKA ¢ OCHOBaHKeM du.

Ha Bompoc, CKOJbKO MOJIEKYJ HMEKT CKODOCTb, PABHYK KaKO-
My-1ubo onpenenleHHOMY 3HAYE€HHIO, CeLyeT CTPAaHHBIH, Ha TepBbIH
B3IJIsS1/J{, OTBET: €CJM COBEPIIEHHO TOYHO 3aaHa CKOPOCThb, TO MHTEP-
BaJI cKopocTell paBed HyJ1o (dv = 0) u u3 (2.38) nonyyaem Hy b, T. €.
HHY OJHA MOJIEKYJIa He NUMeeT CKOPOCTH, TOUYHO PABHOM Halepe[ 3afaH-
HOH. JTO COOTBETCTBYET OJHOMY M3 IOJIOYKE€HUIl TEOPUH BePOATHOC-
Tel: AJIA HENPEepbIBHOM CAyYalHOU BeJHMYHUHBI, KAKOBOH ABJIAETCH
CKOPOCTh, HEBO3MOXHO «yrajaTh» COBEPIIEHHO TOYHO €€ 3HAUEHHUE,
KOTOpPO€ UMeeT 10 KpaiiHeil Mepe XOTs 6bl 0HA MOJIEKYJia B raae.

PacnpeneneHue MOJIeKYJI 10 CKOPOCTAM MMOATBEPMKAEHO PA3JIMUHbBI-
MU OIIBITAMU.

Pacnpegenenue MakcBesia MOXKHO pacCMaTpPUBAThL KaK pacrpeae-
JIeHHe MOJIEKYJ He TOJIbKO II0 CKOPOCTAM, HO M II0 KMHETHUYECKHM
9HepruAM (Tak KaK dTH MOHATUSA B3AUMOCBA3AHBI).

Pacnpenenenue BoabuMaHa. Eciu MosieKybl HAXOOATCA B Ka-
KOM-/1100 BHELIHEM CHJOBOM I10Jie, HAIIpMMEp IPaBUTAILMOHHOM HoJie
3eman, TO MOMHO HAHTH pacHpeielieHHe 10 UX [OTEHIHUAIbHBIM
DHEprusaM, T. €. YCTAHOBUTb KOHIIEHTPAIMIO UacTHil, obagaomumx He-
KOTOPBIM OIlpeZieJIEHHbIM 3HAUEHNEM HOTeHuMaﬂbHOﬁ JHepruu,

Pacnpedenenue wacmuy no nomenyuailbHblM IHEPIUAM 6 CU-
06bLX NONAX — 2PAGUMAYUOHHOM, ILEKmpuiecKkom u dp. —
rassiearom pacnpedenenuem Bonrvymana.

IIpuMeHHTENBHO K I'DABUTAIMOHHOMY IIOJII0 3TO pacrpeiejeHue
MOKeT ObITh 3alMCAHO B BHJE 3aBUCHMOCTHU KOHIIEHTPALMU N MOJle-
KyJ OT BBICOTH! i HAJ YPOBHEM 3eMJM WJIM OT MOTEHLMATbLHOH JHep-

UM MOJIEKYAbI m,gh:
mygh

n=nje * . (2.40)

Bruipakenue (2.40) cipaBeAsIMBO JJ1s YacTull UaeanbHoro rasa. ['padgmu-

YeCcKH 3Ta IKCNOHEHIMaJbHAasA 3aBHUCHMOCTb H300paskeHa Ha puc. 2.8.
Takoe pacupeneseHue MOJIEKYJI B 110Jie TATOTEHUSA 3eMJIA MOXKHO Ka-

YeCTBEHHO, B paMKaX MOJEKYJIApPHO-KMHETUYECKUX [IPeACTaBJIEeHUH,
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Nf(v) n
ng
Z
4
é
Z
(0] Uy Uy dv v o) h
Puc. 2.7 Puc. 2.8

OOBACHUTL TEM, YTO HA MOJIEKYJIbl OKA3bIBAIOT BJAMSAHME JBa [IPOTHBO-
MOJIOXKHBIX (haKTOpa: rPaBUTAIMOHHOE 110J1€, MMOJ AeHCTBUEM KOTOpPOro
BCE MOJIEKYJIbl IPUTATHUBAIOTCA K 3eMJile, U MOJEKYJIAPHO-Xa0THUECKoe
IBM)KEHVe, CTPEMAIIeeCA PABHOMEDHO PasbpocaTh MOJIEKYJIbI 10 BCEMY
BO3MOXXHOMY 00BbeMY.

B zaknpoueHue Moje3HO 3aMEeTUThL HEKOTOPOE€ CXOJCTBO 3KCIIOHEH-
IHMaJBbHBIX YJIEHOB B pacnpegeneHuax Makcsesna 1 Boabimana:
2

myu E,
e 2kT = e kT’
—mogh . E,
e kT =g T,

B nepBom pacmnpegesieHUM B IOKa3aTesie CTEIIEHN OTHOILIEHMEe KU He-
THYECKOH 3HEPruM MOJeKyJabl K kT, BO BTOPOM — OTHOILEHHWE MOTEH-
nuanLHO! aHepruu K kT.

r/\ABA3

Matematnyeckas CTatMCTKa

MeToAbl MAaTeMaTUYECKOM CTAaTUCTUKM MO3BOASIOT CUCTEMATUAM
pOBaTb W OLIEHWBATL IKCMEPUMEHTEAbHBIE AdHHbLIE, KOTOPbIE
PACCMATOMBAIOTCS KAk CAYHaHBIE BEANYMHDI.

§ 3.1. OcHoBHbIE nOHATHA
MATeMaTHYeCKON CTATHCTHKH

B rnase 2 6b11M PaCCMOTPEHBI HEKOTODBIE TIOHATUA M 3aKOHOMED-
HOCTH, KOTODPBLIM IIOAYMHEHBI MACCOBbI€ CJyualHble ABMeHuA. OQHOM
U3 MpPaKTUUYECKUX 3a]a4, CBA3AHHLIX C 3TUM, ABJIAETCA CO3/AHHE Me-
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TOAOB OTOOpaA JAaHHBIX (CTaTHUCTHUYECKHE AaHHBIE) M3 GOJBLINOHA COBO-
KYITHOCTH U uX o6paboTku. Takue BOoNIpoChl paccMaTpUBAalOTCSA B MaTe-
MaTHYeCKOH CTaTHUCTHKE.

Mamemamuieckans cmamucmuxa — HayKa 0 Mmamemamuie-
cKux memodax cucmemamu3ayuil U UCTLONb306ARUA cmamucmuie-
CKUuX OAHHBLX ONLA PeweHUA HAYLHBLX U npakmuieckux sadav. Ma-
TEMATHYECKasA CTaTUCTUKA TECHO IPUMLIKAET K TEOPHM BEPOATHOCTEH
1 6asupyercs Ha ee NOHATHAX. OAHAKO IJ1aBHLIM B MaTeMaTHUYeCKOH
CTATHCTHKE ABJIAETCS He paclupeaeseHue cAydYaiHbIX BeJIMUNH, a aHa-
JIM3 CTATUCTHYECKMX JAHHBIX U BBIACHEHME, KAKOMY PacipefeJeHu0
OHH COOTBETCTBYIOT.

IIpeanono:xum, uro HEOOXOAMMO M3YUMTh MHOKECTBO OO'BLEKTOB I10
KaKOMy-JM60 NPU3HAKY. ITO BOBMOYKHO clesiaTh, IGO0 NpoBeas CIUIONI-
Hoe HaOJxeHue (UcceloBaHue, n3aMepeHMe), Tubo He CILJIOLIHOe, BHIOO-
poOYHOe.

BribopouHoe, T. e. HemoJiHOe, ofcjenOBaHME MOXKeT OKasaTbCH
MpeAnoUTHTE/bHEE 10 CAeAYIOIIUM NpHuHHaM. Bo-mepBbix, ecrecT-
BEHHO, uTO ofcjie[oBaHME UAaCTH MEHee TPyAOeMKO, YeM oOClefoBaHue
I1eJI0T0; cJleI0BaTeJbHO, OJHA U3 IIPDUYHMH — dKOHOMMHUecKas. Bo-BTo-
pBIX, MOXKET 0Ka3aThbCs M TaK, YTO CILJIOUIHOE obcjesoBaHMe MPOCTO
HepeasbHO. 15 TOro 4Tobbl €ro NpoBECTH, BO3MOYKHO, HYXXHO YHUU-
TOXKHUTh BCIO MCCIEAYEMYI0O TEXHHUKY HJM 3arybuTh Bce UCCJIefyeMble
f6uosoruyeckue o0beKThl. TaK, HApUMeD, Bpad, MMIJAHTHDYOMUH
3JIeKTPOAbI B YIAMTKY AJNA KOXJeapHoro nporeauposanus (cm. § 6.5),
JOJI)KeH HMeTb BEpPOSATHOCTHBLIE TIIPEACTABJIEHHUA O PACIOJIOMKEHUU
VJAMTKM CJIyXoBoro annapara. Kasanoce 6b1, HauboJiee 10CTOBEPHO Ta-
KHe CBeJleHUs MOKHO OblJIO OJNYUYUTH IPU CILJOIIHOM TaTOJOT0aHATO-
MMUYECKOM BCKPBITHM BCE€X yMEPUIMX C IIPOU3BOJCTBOM COOTBETCTBYIO-
wHx 3amepoB. OMHAKO JOCTATOYHO COOPATh HYKHBLI€ CBEAeHUA IMPH
BbIDOPOUHBIX M3MEPEHUAX.

Boablnas cTaTMCTHUECKAs COBOKYIHOCTh, U3 KOTOpPOH oTbupaercsa
4acTb 06'bEKTOB [JIA MCCJIeOBAHUSA, HA3bIBAETCH 2eHEPALbHOU CO60-
KYRHOCMbIO, 3 MHOXKECTBO 00BEKTOB, OTOOPAHHBIX U3 Hee, — 6bLbO-
POHHOIU CO60KYNHOCMDbIO, UITH 6bt6opKOil.

CBolicTBO 00'bEKTOB BLIGOPKHM [JOJKHO COOTBETCTBOBATHL CBOMCTBY
00LeKTOB reHepaibHOM COBOKYNHOCTH, MJIH, KAK IPHUHATO rOBOPUTH,
BbIGOpKA [JOJ/PKHA ObITh NpPEACTABUTENLHON (penpesenmamuéHoil).
Tax, Hanpumep, €cau 1lelbl0 ABAAETCHA H3ydeHUE COCTOAHUS 3J0-
pOBbA HaceNleHUA DOJbIIOTO ropoja, TO Helb3s BOCIOJIb30OBATLCA BhI-
OOPKOIT HaceNleHUA, IIPOKHUBAIOLIETO B 0/{HOM M3 palioHOB ropoga. yc-
JIOBHA IIPOKUBAHUSA B pasHbIX paloHax MOr'yT oranuyaTbes (pasnny-
Had BAAXKHOCTD, HAJTMUME 1IPEATIPUATHH, dKUAUIIHbIX CTDOSHHU U T. 11.)
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U, TakuM o6pa3oM, BJAMATh HA COCTOAHUE 3A0POBbs. [loaTOMYy BBIGOD-
Ka J0J’KHa NPeACTaBIATh CAYUYaHHO OTOOpaHHble OO'BEKThI.

Ecny 3anucaTh B MocjieJoBaTeNbHOCTH M3MePEHUIT Bce 3HAYEHMA
BEJIMUMHEI X B BbIDOpKE, TO MOJYYUM IPOCTOH CTATHCTHUUECKUIN DAX.
Hanpumep, poct mysxuud (cm): 171,172,172, 168, 170, 169, ... . Ta-
KOl paa HeynoOeH NJis aHANM3a, TAK KAaK B HEM HeT IOCJIeA0BATENb-
HOCTH BO3pacTaHMUA (MAM yObIBaHMSA) 3HAUYEHHUI, BCTPEUAIOTCA U IIO-
BropAmIuecss Beanuuubl. IloaroMy unenecoobpasno pandcuposames
pAd, HanpuMep, B BO3PACTAIONEeM IOPAAKe 3HAUEHMHM M yKasaTh HUX
MOBTOPAEMOCTh. TOra CTaTUCTUYECKOE paclnpeeleHre BoIOOPKH:

x, < X, eee <X, v <X,
n, n, e e 1 3.1)

o n = 2 * n; * nk

P n P2z b o vee Dy -
3neck x; — uHabJjonaeMble 3HAUEHUA NPU3HAKA (sapuanma); n, —
upcio Habnonenuit BapuanTel x; (vacmoma); p; — orHOcuTenbHad

yacrora. Obujee uruciao o6 LeKTOB B BLIGODKE (063eM 8bi6OpHU)

k
n = Zni,
1=1

Bcero k BapuanTt. Cmamucmuueckoe pacnpedenenue — 370 COBOKYII-
HOCTb BAPHAHT M COOTBETCTBYIOLIMX UM 4acCTOT (MAM OTHOCHTENbHBIX
YacToT), T. €. 3TO COBOKYIHOCTh AAaHHBIX 1-B 1 2-i1 ¢cTpoku uam 1-i u
3-it ctpoku B (3.1).

B meaunuHCcKOH n1uTEpaType CTaTUCTUYECKOE paclpejesieHue, CO-
cTosAlllee M3 BAPUAHT M COOTBETCTBYIOIIMX MM YacTOT, IIOJYYHJO HA-
3BaHUE 6APUAYUOHH020 pala.

Hapsiay ¢ aucKpeTHBIM (TOYEUHBLIM) CTATHUCTUUYECKHM pacipejaee-
HUEM, KOTOpoe OLIIO OMHCAHO, HCIOJABL3YIOT HenpepviéHoe (unmep-
6a/bHO) cmamucmuyeckoe pacnpedenenue:

Xy X4 Xy Xy X X, X, X, 40
n, n, oon, e ny, 3.2)
= _ Ny w _ Ty % n, w _ M
Py n P2T Di w Py -
3nmeck x; |, X, — i-/l HHTepBa/, B KOTOPOM 3aKJIOUEHO KOJTHYECTBEH-
HOe 3Ha4YeHHe NPU3HAKA; N1, — CYMMAa YacTOT BADMAHT, MONABLIUX B
3TOT MHTEPBAJ; p; — CyMMa OTHOCHTEIbHBIX YaCTOT.



B rkauecTBe npuMepa AUCKPETHOrO CTATUCTHUUECKOrO pacnpeaeieHus
YKa’KeM MacChl HOBOPOKAEHHBIX MaJLYMUKOB (Kr) 1 uacToThI (Tab. 5).

Tabauya 5

2,712,812,913,0(3,1/3,2]83,3]3,4/3,5{3,6/3,7{3,8(3,9|4,0,4,1{4,2{4,3(4,4

11213} 7181121131017 165 ]6]6]5]3|3]2]1

O611ee KOJMUeCTBO MAJTBUNKOB (00beM BhIGODKH)
k
n= % n,=100. 3.3)
i=1

Mo2KHO 9TO pacnpefie/leHne NPeACTABUTL U KaK HelpepbIBHOE (MHTED-
BanbHoe) (Tabi. 6).

Tabauya 6

2,656 —2,75 (2,75 — 2,85 [ 2,85 — 2,95 | 2,95 — 3,05 | 3,05 — 3,15

1 2 3 7 3

Jna HarAAgHOCTH CcTATHCTHUECKHE pacrnpejesieHUs H300paKaioT
rpacduyecKH B BHe NTIOJUTIOHA M THCTOIDAMMEI.

Ionuzon wacmom — jomaHas JMHUSA, OTPE3KH KOTOPOH COEIMHAIOT
TOYKHU C KOOPAMHATAMH (X5 1), (X4 1y), ... MM JJIA TIOJIUTOHA OTHOCH-

TeNbHbIX YACTOT — € KoopauHaTamu (x,; p;"), (xo3 p;‘), ... (puc. 3.1).

Puc. 3.1 oTHoCHTCA K paclpeie/ieHHI0, TpeACTaBJIeHHOMY B Ta0d. 5.
T'ucmozpamma wacmom — COBOKYIHOCTb CMeXHBIX IPAMOYIOJib-

HHKOB, IIOCTPOEHHLIX HA OAHOM NpAMoi JUHUU (puc. 3.2), OCHOBaHUA

i

My a
1410,14 1401
12011,2 r
10011,0 =
8010,8
6010,6
4010,4
20

—L
nd
]-1

30 35 40  x

Puc. 3.1 Puc. 3.2
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NIPSAMOYTI'OJIbHUKOB OJMHAKOBBI ¥ PABHLI @, & BLICOThI PaBHBI OTHOLIE-
HUIO YACTOTHI (MM OTHOCHTENbHOH YACTOThI) K a:

n n p
— uap — = . (3.4)
a na a
Taxkum obpasom, I10OMAAb KaXKA0r0 NPAMOYTroJbHHUKA PABHA COOTBET-
CTBEHHO

n; p. _
e =nm ——a=p;.

k
CregoBaTenbHO, NJIOMIaAb TUCTOTPAMMBI YacTOT » 1, = 1, a ILI0INAAb
i

THCTOrPaMMbl OTHOCHUTEJIBHLIX HaCTOT

Hau6onee pacnpocTpaHEHHBIMM XapaKTePUCTHKAMM CTATHCTHYECKO-
ro pacrnpejejeHUsd ABJAAIOTCA CpeJHME BEJUUYUHBI: MOJa, MEAMAHA U
cpeauAas apudmMeTruecKas, UM BEIGOPOUHAsA CPeAHASA.

Moda (Mo) paBHa BapuaHTe, KOTOPOH COOTBETCTByeT Hambo/Ib-
LIasA yacToTa. B pacnpeieseHUN MacChl HOBOPOXKAEHHBIX (cM. Tabu. 5)
Mo = 3,3 Kr.

Meduana (Me) paBHa BapuaHTe, KOTOPaA PaCloOJIOM¥EHA B cePeau-
He CTaTMCTUYECKOTO pacnpegaenenusda. OHa AeJUT CTaTUCTHUYECKUH (Ba-
PHALMOHHBIN) psii Ha ABe paBHbIe yacTH. [Ipy ueTHOM 4Ymcie BapUaHT
3a MeAMaHy MIPUHMMAIOT CPeJHee 3HAUEHUE U3 ABYX LEHTPaJbHLIX Ba-
puauT. B paccMoTpeHHoM pacnpeneieHuu (cm. tada. 5) Me = 3,4 Kr.

BuiGopounaa cpednaa (X,) onpenensaeTca KaK cpegHee apudmMeTH-

YeCKOe 3HaueHMe BaApMaHT CTATUCTHYECKOI'o pAna:

k k .
=L S xn wmz = 3 xp (3.5)

x =
n t=1 =1
s npumepa (cM. Taba. 5)
F = 2,7-1+28-2+29-3+...+43 " -2+r44 -1
u 100
=3,468 kr. (3.6)
Jlnda xapaKTepUCTUKHU pacCesHUS BaAPHUAHT BOKPYI ¢CBOEI'o CpefHero
3HAUEHUsA X, BBOAAT XapPAKTEPUCTUKY, HA3hIBAEMYWO 6bl60pouHOl

ducnepcueil, — cpenHee apudMeTHUEeCKOe KBaJpaToOB OTKJIOHEHU A Ba-
PHaHT OT UX CpelHero 3HAYeHUA:

_13 ;)2
D=1 Yl %) (3.7)
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KBaapaTHbIH KOPeHb U3 BEIGOPOYHON AMCIEPCHH HA3BIBAIOT 6bi60POY-
HbLM CpedHUM KEAOpaAmUYecKUM OMKIOHEHUEM:

c,=./D,. (3.8)
HOnsa npumepa (cM. Tabia. 5)

_(2,7-3,468)2- 2(2,8-3,468)%+...+2(4,3-3,468) +(4,4--3,468)% _

D, 100
=0,1513 kr?;
5, = /0,1513 kr 2 = 0,3896 kr. (3.9)

§ 3.2. Oueska mapamerpos
reHepaJjbHOH COBOKYIIHOCTH IIO €€ BBIGOPKe

IIpegnonokum, 4YTO reHepajbHas COBOKYIIHOCTb ABJAAETCA HOP-
MaJbHbLIM paclpejeseHueM (34eCh BMECTO BePOATHOCTH CJEAYEeT MC-
NoJbL30BATh OTHOCHUTEJILHYIO uacToTy). HopmanbHoe pacnpegeseHue
MOJHOCTBIO ONPeAeJIEHO MAaTeMaTUUECKUM OXKUAAHNEM (CpeaJHUM 3HA-
YEHHEM) U CPEeAHUM KBajpaTHdYeCKUM oTKJoHeHueM. [losToMmMy ecau
10 BLIGOPKE MO HO OLIEHUTb, T. €. NPUOJIMIKEeHHO HAaNTH, 3TU IapaMerT-
pbl, TO 6yJeT pelleHa OgHA M3 3aJa4Y MaTeMaTHYE€CKOH CTATUCTUKU —
onpeaesieHue napaMerpos 60JbIIIOro MaccuBa 10 UCCJEJOBAHMIO €ro
YacTH.

Kak u pnsa BLIGOPKH, AJiA MeHePaJbHOW COBOKYTMHOCTH MOYHO OIl-
pelesuThs 'eHEPalbHYI0 CPEIHIO X. — CpeiHee apudMeTHdecKoe
3HAaYeHMeEe BCeX BEeJHUHH, COCTABJAKINNX 9TY COBOKYIHOCTb., Y UUTHI-
Bas 60.1b110M 00bEM DTOM COBOKYIHOCTH, MOKHO M10OJ1IaraTh, YTO reHe-
panbHas CpegHAs paBHA MATeMAaTHYeCKOMY OXKHUIEAHHIO!

x.=M(X), (3.10)
roe X — obmasn sanuch cJayuailHON BeNHUYHUHBI (BHAYEHUA H3yYaeMoTro
NpU3HaKa) reHepaJbHON COBOKYIIHOCTH.

Paccesinne 3nayeHW# n3ydyaeMoro IpU3HaKa reHepajbHOM COBO-
KYIIHOCTM OT UX TMeHEepaJIbHOHM cpefiHel OlleHNBAIOT 2eHepanbroll duc-
nepcuei

1 o
D=5 Y (x x.)? (3.11)

1=
(N —- obbem reHepasbHOH COBOKYIIHOCTH) UM 2eHepaibHbim cped-
HUM KeadpamuieCKum OMKLOHEHUEM

6.~ JD,~

$ (x, - ¥,)2. (3.12)
1

(=

i

Z

A

¥ ¢



Toueunana oueHka. [IpeaAnonoxuM, UTO U3 reHepaJbHON COBOKYII-
HOCTH NPOU3BOASTCA pPasHble BBIOODKHU; AEJAKT 3TO TAK, UTOOHLI BCA
reHepajbHas COBOKYIIHOCTH COXpaHsuach HeusMmenHoi. IJia onpege-
JeHHOCTH OyZeM cunTaTh 00beMbI 3TUX BBIOOPOK OJUHAKOBBIMU U PAaB-
HbIMH 1. VX BeIGOpOUHbIe cpeanue X ,X,, ..., X;, ... ABJIAIOTCA CAYYaii-
HbBIMHK BeJIMUYHHAMU, KOTOPbIE paclpelesieHbl 110 HOPMAJbHOMY 3aKO-
Hy (cMm. xomen § 2.3), a ux mamemamuueckoe oxmcudanue pasHo
MamemamuuecKkomy OXUGAHUI 2eHepaLbHOL CO80KYNHOCMU, M. e.

zenepanbvHoil cpedHeil;
x.=M(x,). (3.13)

Ha npakxTuke nnoraa npu goctaTouHo 60bII0H BRIOODKeE 3a 2eHePaA b

HYI0 CPeOHI00 NPUBAUNEHHO NPUHUMAIOM 8bI6OPOLHYI0 CPEOHIOK).
dasa qucnepcuit nosoxeHue moJly4yaercs HECKOJbKO MHBIM. Mare-

MaTHYeCKOe OKHaHue Aucliepcuit pasauyunbix Beibopok [M(D )], co-

CTaBJIEHHBIX W3 T'€HepPaJbHOU COBOKYIHOCTHU, OTJIHYAETCA OT reHe-
PaJbHOHN JUCIIePCUM:

n
D = — 1M(Dm.). (3.14)
IIpu 60oxabHIOM N TOTyUaeM E—'_’—l ~1lmu
D_= M(D,). (3.14a)

J1a reHepaJibHOTO cpeHero KBajJpaTHUYeCKOTO OTKJIOHEHHs COOTBET-
crBeHHO u3 (3.14) u (3.14a) nonyuaem:

o, = /n’_’lM(DB,.) u o.= [M(D,). (3.15)

Ha npaxkTiKe MHOrAa IpH JOCTATOUHO GOJBIIOH BHIOOPKE BHIGOPOU-
HOe cpeiHee KBAJAPATHUYECKOE OTKJIOHEHHEe NPUOINIKEeHHO NPUHUMAIOT
3a reHepaJIbHOE CPeJHee KBaJpaTHuecKoe OTKJIOHeHnne. Tak, ecju Cuu-
TaTh, YTO CTATHCTUYECKOE pacmpeaeseHue (cM. Tabi. 5) ABAAETCA BbI-
6OpKOH U3 HEKOTOPOU reHepaNbHON COBOKYMHOCTH, TO HA OCHOBAHHH
(3.6) 1 (3.9) MOKHO 3aKJIOUUTL, UTO AJIsi 3TOH MeHepaibHOM COBOKYII-
Hoctu X, =~ 3,468 xr u o, = 0,3896 xr.

Taxoro posa olleHKa HapamMeTpOB reHepaJbHON COBOKYITHOCTH HJIIH
KaKux-JIu60o u3MepeHUH ONpeJeIeHHBIMH YHCJaMHM Ha3bIBaeTca mo-
YeuHOU OYeHKOlU.

HuTepBajibHAA OLIEHKA TeHepaJibHOM cpenHel. Toueunas oleH-
Ka, 0cOOEHHO IIpU MaJioil BHIOOpKe, MOXKeT 3HAUYUTENBHO OTJIMYATECA OT
HCTHMHHBIX MapaMeTpPOB reHepaJibHOM COBOKyHHOCTH. IlosTOMy 1npmu He-
60Jsb1IOM 00 bEME BHIGOPKH MOJIB3YIOTCA UHMEPEANLbHBIMU OYEHKAMU.

B aTom cayuae ykaswsiBaeTca uHTepBas (JoéepumenbHbli uHmep-
6an, NJIu 0o6epumenvible 2DARUYbL), B KOTOPOM C olipejiesieHHOH (do-
éepumeibHOll) 6EPOAMHOCMbI0 D HAXOIUTCA M'eHepajbHasA CpeaHA.
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HWuaue roBops, p onpefesisieT BEPOATHOCTh, C KOTOPOI OCYHLIeCTB-
JAIOTCS CJHeAYIOIe HePaBeHCTBA:

X, —e<X <X, *¢, (3.16)

rae MoJOXKUTEJbHOE YKCJIO € XapaKTepU3yeT TOUHOCTh OLIeHKH.
KpoMme a0BepuTeJbLHOH BEpPOATHOCTH HMCHOJb3YIOT «IIPOTHBOIIO-
JIO}KHOE» IIOHATHE — YPOGEHb 3HAUMOCIMU

p=1-p, (3.17)

KOTOPBIH BBHIpAsKaeT BEePOATHOCTh HeNMoNaJaHuA I'eHepajbHOH cpea-
Hell B JOBEPUTEJbHBIA HHTEPBAaJ.

JloBepUTEIbHYIO BEPOATHOCTD HE CIeAyeT BeIOUpPaTh CIAMIIKOM Ma-
JeHbKoOH (He cienyer ee obecuenuBarth). Haubosee yacTo p npuHHU-
matoT pastoit 0,95; 0,99; 0,999. Yem Goabiire p, TeM HIKPe HHTEPBAJ,
T. €. TeM GoJbuie £ UYTOOb! YCTAHOBHTH KOJMUYECTBEHHYIO CBA3h MEXAY
5TMMHK BeJIMUYMHAMH, HeoOXOAUMO HAWTH BbLIpa)Ke€HHEe AJA [JOBEepH-
TeJbHOW BEPOATHOCTH. ITO MOXKHO CAeJaTh, HCnoab3ya (2.17), ogna-
KO HYKHO IOHATh, YTO npu smom credyem 83amb 3a QPYHKYUK
pacnpedefienus 6epoOsMmMHOCMel U K aK U € npuHAMb npedenvl UH-
mezpupoearus. PaccMoTpuM aTOT BOIpoc.

Urak, redepajibHas COBOKYIIHOCTDL paclpefejeHa [0 HOPpMaJIbHOMY
3aKOHY C MaTeMaTHYeCKMM O)KHAaHHeM (CpeAHHM 3HAUYEHHEeM) X . K
aucnepcueit D.. Ecnu u3 370 reHepaabHO# cOBOKyNHOCTH 6paTh pas-
Hble BHIODOPKHK C OJUHAKOBBIM 06'bEMOM 71, TO MOXKHO AJA KaXAOH BbI-
OOpKHU TOJNYYHUTh CPeJHEe 3HAUeHHE X, . JTH CpeJJHHe 3HAUEeHUA CaMu
ABJSIOTCA CHydYallHbIMK BeqnunHamu. X pacnpenenenue, T. e. pac-
npejesieHne CpeiHUX 3HAUYeHHH pasHbIX BHIOOPOK, NOJYYEHHBIX K3
OZIHOI reHepaJbHOM COBOKYIHOCTH, OyAeT HOPDMAaJbHBIM CO CPEJHHUM
3HAYEHHEM, PABHBLIM CpeJHeMy 3HAUEHHIO reHepaJIbHOH COBOKYIIHOC-

_ . D o,
TH X, AUcIepcuei —n—r M CpeJHHMM KBaJIpaTHUECKHUM OTKJIOHEeHHeM --
n

(cMm. koHew § 2.2).
Taxum obpa3oM, X, yaKe BBICTyIaeT KaK Cy4aliHas BeJIMUMHA, 174

Hee MOXKHO 3aIllMCATh CJIeAyoulyi (hyHKIHIO pacnpeleseHUs BepOAT-
Hocreil [cM. (2.22)]:

(R X, ren
- »\/11 207
f(x)— e i (3.18)
! J,‘Z_ncsx.
N3 (3.16) moscHO 3amIMCcaTh AJ1A X, CEAVIOIAE HePABEHCTBA:
X, -e7x, X ¢ (3.19)

1
BepoaTHOCTb TOro, YTO X, 1IOTIAAAET B 3TOT HHTePBaJ (JOBEPUTEIb-
HYIO BePOSATHOCTH), MOXKHO HalTH 110 001el dopmysie (2.17), uciosnp-
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3ya byuxknuo (3.18). IIpegenbl HHTErPUPOBAHKUA HEOOXOAHUMO B3AThH
13 Bbipaxkenus (3.19):
e (x, x.%n
pxX,—e<x <X.+g)= L e 2 dx,. (3.20)
x & »\/2 o,
Peayabrarsl MHTerpupoBanunsa (3.20) naiizeMm, HCHoONb3yA (PYHK-
uuio @ (cm. § 2.3). Ilo dopmyse (2.25) noayuum

PR, —£<X <% tc)=D f"“ J\— (#Jﬁ):
- q:”iﬁ) - q:(—gﬁ). (3.21)
‘o G
ObosHauasn .
T= bcﬂ (3.22)

u yunutbiBas (cM. § 2.3), uro @(-1) = 1 — D(1), noayuum us (3.21):

p=D(1) —-DP(-1)=D(1) - 1 + (1) = 2P(1) - 1. (3.23)
s HaXOMXKIEeHUA p 1O T UK T [0 p MOXKHO BOCIOJb30BaThca Taba. 7
nnu rabnuueit byukuun @ (cm. [2]).

Tabruua 7

T 00 01 02 03 04 05 06 07 08 09

0,0 0,5000(0,5040]0,5080(0,5120{0,5160|0,5199/0,5239|0,5279/0,5319| 0,5359
0,4 6554 6591| 6628| 6664| 6700| 6736| 6772 6808| 6844| 6879
0,9 8159 8186| 8212| 8238| 8264| 8389 8315; 8340| 8365| 8389
1,4 9192} 9207| 9222| 9236| 9251| 9265 9279| 9292 9306| 9319
1,9 97131 9719 9726| 9732 9738 9744| 9750 9756| 9761| 9767

Xora HepaseHcTBa (3.16) u (3.19) mo cyulecTBy HAEHTHYHBI, HO
LA NpakTHYecKHuX 1eseil saxxHee sanuch (3.16), Tak Kak oHa MO3BO-
JfeT PelIUTh IVIABHYIO 3aauy - IIPH 3aJJaHHON LOBEPUTEJILHOK BEpO-
ATHOCTHU WU HalijileHHOH BbIOOPOUHOH cpeJHeill HAWITH JOBEPUTEJbHbIH
HHTepBaJ, B KOTOPLIH 11onajaeTt reHepajbHad CpegHad.

3auuiueM HepaseHcTBO (3.16), MOACTABHUB B Her'o BbIpaXKeHUE £ =

= Dy dopmyasr (3.22):
Jn

X, ¥ Xt (3.24)
Jn Jn
IIpakTHiecKH 11pU HaXOXKIEHHH JOBEPUTEJILHOT'O HHTepBaja 1no ¢Gop-
MyJie (3.24) GepyT BBIGOPOUHYHW CPEAHIOK HEKOTOPOH KOHKPETHOH BHI-
6opku (06wem n = 30), a BMeCTO reHepaJIbHOH cpeaHed KBaJpaTHUYHON
HCIIOABL3VIOT BRIGOPOUHYIO CPeIHIOI KBaAPAaTHUHYIO 3TOH e BbIOODKH.
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[TosscHUM 3T0 HEKOTOPBIM NpUuMepoM. BHOBBL oOpaTHMcaA K JaHHBIM
tabya. 5, cuuras ux BbiOoOpkKoii. Halizem nosepurenbHbI MHTEpBaJ
JIS TeHepasibHON cpejiHeil, U3 KOTOPOH 3Ta BbIOOPKA I10Jy4YeHa, CUH-
Tasg JOBePHTENLHYIO BepositHocTh pasHou p — 0,95, Us (3.23) jus

1,95 .
T 0,975.

B taba. 7 neBblil BEPTUKAJBHBIN CTON0EL COAPKHUT 3HAYEHHA T ¢ TOY-
HOCTBIO JI0 IeCHTHIX J0/1¢H, 4 BEpXHAA TODH30HTAJbHAA CTPOUKa JaeT
CcOThIe JOJgM T, N0dTOMY joia P(1) = 0,975 uMmeem 1 = 1,9 + 0,06 =

1,96. IloacraBasis Dro 3HaueHUe T, BbIOOpPOUYHYIO cpenHiow (3.6),
BLIGOPOUHOE CpeAHEe KBaAPATUUECKoe OTKJIOHeHUe (3.9) ¥ 06beM BbI-
6opku (n — 100) B BeIpaxKeHue (3.24), umeem:

TAaKO JoBepUTEAbHOIT BepPoATHOCTU nosayuaeM: D(1) =

3,468 - 1,96 2:38% 3 . 3 468 + 1,062:38%6
/100 J100
HIH

3,392 kr < x_ - 3,544 kr. (3.25)

HurepranbHas OLeHKa reHepaJbHOM CpeaHel NpH MaJjioM BbI-
Oopke. Ilpu nocrarouHo GoablioM o0beMe BBLIGOPKU MOYKHO CAe1aTh
BHOJIHE HAJEMHble 3aKJIUYeHUS O reHepajabHOHU cpeaHeli. OpHako Ha
IIpAKTHKE YacTO MMEIOT €710 ¢ BIOOpPKaMu Hebosblioro obbema (n < 30).
B aToM cayyae B BBIpaXKeHMM AOBEepUTeNILHOro MHTepsaga (3.16) Tou-
HOCTH OlLIEHKH OIpeJeifeTcs 1o ciaenyiomei popmyJie:

g= 100 (3.26)
Jn—=1
rae t -- rnapaMmerp, HadbiBaeMblit Koadypuiuenrom CrblogeHTa (ero Ha-
XOIAT U3 paclipefeneHusa CTbloJeHTa; OHO 3Jech He paccMaTpUBaer-
cfl), KOTOPblH 3aBUCHUT HE TOJBKO OT JOBEPUTEJbHOH BEPOATHOCTH P,
HO M OoT o6 bema BBIOODKU 1. Koahduuuenr CrpioneHTa MOMHO HaliTh
n3 rabiu. 8.

3anuiieM HepaBeHCTBO (3.16), noacTaBUB B HETO BBIPAXKEHHE & =

- 1o u3 popmyasr (3.26):

f_
to, to
x <X.X + LI (3.27)
B «/;1 ; r B /—n -1
Tabauya 8
O6Bem JdoBepuTesbnas BepPOATHOCTD, P
BBIOOPKH, N 0,9 0,95 0,99 0,999
2 6,31 12,70 63,66 -
3 2,92 4,30 9,93 31,60
10 1,83 2,26 3,25 4,78
15 1,76 2,15 2,95 4,07




ITosicium uctionbaopanye hopMyabl (3.26) crenyominM IpUuMepoM.
1IpearonoxumM, YTO U3 reHepasbHOW COBOKYIIHOCTH, KOTOPYIO UCIOJb-
30BaJIN [IPU COCTABJIEHUH BRIOOPKH (¢M. Tab.1. 5), B3sau 10 ciayyaiiHbIx
JAHHBIX M IOJNYYHJIN clieaviolllee pacnpenenenue (radn. 9):

Tabauya 9
Macea,kr | 3.0 [ 31 [ 32 [ 33 [ 34 T35 [ 37 [38]10] 441
Yacrora RNy

Orciona MOHO BbIUMCIHTE X, = 3,564 Kr, D, - 0,19156 Kré¢ o, =
=0,43767 kr. 3azaB JOBepPUTEIBLHYIO BeposTHocTb p = 0,95, Haxogum U3
Taba. 8 ansa ob6bema suiGopku n = 10 napamerp t = 2,26. IToacrapnsas sti
JaHHble B (3.26), monyuaeM A1d 1oBepUTeILHOIO HHTepBaa [cM. (3.27)]:

3,54 - 220 1 043707 . 354 + 2:20 - 048767
J10 -1 J10 -1
NnIn
3,21 kr < x,_ < 3,87 kr. (3.28)

IIoJ1e3HO CONOCTABHTH COOTHOIIEHUA, MOJYUYEHHBle AJA GOJBHION
(3.25) u Manoii (3.28) BeIGOPOK.

HuTepraibHas oneHKa MCTUHHOTO 3HAUEHUA M3MepAeMoil Be-
JIMYHMHABbI. UuTepBabHafa OlleHKA reHepasibHOH cpeJHel MOKeT ObITh HC-
110J1b30BaHA AJ18 OLIeHKK HCTHHHOTO 3HaYeHHUA U3MepAeMOii BETUUUHBI.

IIycTh HECKOMBKO pas U3MEpPSIIOT OAHY U Ty e (PU3HUECKYIO BeJIH-
ynHy. [IpN 3TOM 10 pasHbIM CAYYalHBIM IIPUYUHAM, BOOOIle rOBODA,
NoJy4aroT pasHble 3HAURHHUSA: X[, Xy, Xg, +.. - DY/IEM CUMTATH, UTO HET

npeobiazamiero BANAHUA KaKoro-1ubo hakTopa Ha 3TH H3MepeHu4.
HcrunHoe 3HAUEHME H3MePAeMOil BeTHUNHBI (X, ) COBEPHIEHHO TOY-

HO U3MEPHUTHb HEeBO3MOMKHO XOTS Obl 110 IPHUKHE HeCOBEePHIEHCTBA U3Me-
PUTEJbHBIX 1PHOOPOB. OJHAKO MOKHO JaTh HHTEPBAJbHYIO OLIEHKY JJ15
JTOrO 3HAYECHUA.

Ecnu 3HaueHud x,, x,, X3, ... PACCMAaTPUBATh KAK BADHAHTHI BLIGOD-

KH, a HICTHHHOe 3HaueHHe U3MepAEeMON BeIMUMHBI X, KaK aHaJor re-
HEepPaJIbHOM cpelHel, TO MOYKHO 10 OMTMCAHHBIM BBILLIE IIPABHJIAM HAWTH
OBepHUTEJbHBIH HHTEpPBaJl, B KOTOPBIN C AOBePUTENHbHOH BEpPOATHO-
CTBIO P IONAafaeT HCTHHHOE 3HaueHHe U3MepAeMoil sestnuntbl, [Ipume-
HHUTEJBHO K MaJIoMy uucay uamepeHuii (n < 30) ua (3.27) nonyuum:

= tc
%— 3.29)
‘n -1 (

~

< Xuer <X+ —t?——’
Jn—1
rae X — cpeaHee apud)MeTHUECKOe 3HaUeHHe U3 MOoJyUeHHBbIX n3Mepe-
HHMIi, a 0 — COOTBETCTBYIOLEE UM CpelHee KBaJpaTHuyecKoe OTKJOHe-
HHue, t — Koapduument CruiogeHra.
Bonee noapobHo M pa3sHOCTOPOHHE OILIEHKA pe3ys1bTATOB H3Mepe-
HUE paccMaTpuBaeTcA B mpakTHKyMe (cM. [1]).

ot
I3l



§ 3.3. IIposepxa rumortes

B MeuKo-0HONMOTrMUeCKHX MCCJIeJOBAHUAX aKTYAJIbHOH ABJSAETCH
3azaya CPaBHEHUdA BBIOOPOK, 110J1yYeHHBIX B Pe3yJbTaTe JKCIepHUMeH-
Ta, 3aKJAKYAIOLerocs B TOM HJIK UHOM BO3AeHCTBHU HA 00beKT. PaK-
THUECKH KOHEYHBIH pe3yJsLTaT WecjieJOBaHMA 3aBUCHUT OT JOCTOBEp-
HOCTH pa3Jjinuni sHaueHNH cliyyalHON BeJIMYMHBI B KOHTpoJie (40 BO3-
peficrsus nam 0e3 Hero) u onbiTe (rnocjae sosgelicrsmns). Haunbonee
IIPOCTO PellIaeTCA 3ajlayua onpegesieHns JOCTOBEPHOCTH Pa3jndnil cTa-
THCTUYECKUX paclipejelleHuil, ecJH NpeaBapUTebHO AJA BbLIGOPOK
paccyuTaHbl JOBepUTe/IbHbIEe HHTePBaakl. I10710KHUM, ecTh JBa CTATKC-
THUECKHUX pacnpejesieHUd 1HeKOTOPBbIX CAyualHbIX BeJanuuH X u Y.
Ilycrs reHepasbHble CpefHKE ITHX PaclpenesieHH ¢ JOBePUTEJbHOM
BepoATHOCTLID p = 0,95 HaxogATCA B LOBEPUTEJNLHBIX HMHTepBaJax
G, ve)u(f, = z;y), U yCTh I1pH 9TOM jj, -~ X_. Ecin cobnogaetca Hepa-
BEHCTBO (y, — z:y) -~ (X, + &,), TO He BLI3LIBAET COMHEHHs, YTO caydaii-

Has BeJMYMHA Y cyliecTBeHHO OoJjbiite caydyadHol BeJlHUYHHBI X (CM.
puc. 3.3, a). BepositHocTh 3Toro npesbiinaer 0,95.

Ha puc. 3.3, 6 npescrasieH BapHaHT, KOT/Aa BLIOOPKKM YACTHUYHO I1e-
pecekaroTca, T. €. KOTAa BbINOJHAETCA HEPAaBeHCTRO (§, — ay) < (X, +¢€).

B arom cayyae nesnecoobpasHo olleHUBATH JOCTOBEPHOCTD PA3JHuKil Bbl-
GOpOYHbIX CpeJHHX X, W J, C NOMOUILIO AOTIOJHHTEIbHEIX PACUETOB.

Haunbonee npocTo 3To cAenars, lIpeArnoaras, 4To CaydalHble BeIHYK-
Hbl X 1 Y pacnpeneneHbl 10 HOPMAJIbHOMY 3aKOHY. ¥ CJIOBHEM CYIIECT-
BEHHOCTH Pa3JIUUuKs IBYX ONBLITHBIX pacnpeiesieHU, ABAAIOIIUXCA Bbl-
0OpKaMM K3 pa3JMUYHBIX T'eHepPaJbHBLIX COBOKYIIHOCTEIl, ABJIAETCA BbI-
MIOJIHEHHE CJIeAYIOIero HePaBeHCTBA AJIA ONBITHOTO U TEOPETHUYECKOro
3HaueHuii kpurepusa CroiogeHTa: ton > tm)p. Ja HaXOKIeHUs 3Haue-

HUA t, UCTIOJIBL3YIOT CJeAYIOUIYIO hOpMyJTy:

P Y
ton = ’—r_ZI:BIZ' (3.30)

[0, %

n, Ily

3zech o n o, — BBIOOPOUYHBIE CPegHKME KBAaJPAaTHYECKHE OTKJIOHE-
HUA, N, U N, — YKUCIIO BADHAHT B BbIGOpKax (06beMbr BHIGOPOK), X, K
I, — BbIOOpOUYHEBIE CpeIHHE 3HAYEHHURA.

56



Teoperuueckoe 3HaueHue ¢ HaAxoAAT 110 Tadsue 10, BxoaHbiMu

TeOP
BEJIMUMHAMM KOTOPOI ABNAIOTCA JIOBEPUTEIbHAA BEPOATHOCTL P U 11a-
paMeTp f, CBA3aHHBIH ¢ YUCJIOM BADHAHT B BBIGOPKAX. ATOT lIapaMeTp
OlipeAleNsoT cneayloinum obpasom. Keau o =~ G, TO f~n_t n, - 2.
Ecnuxe o u O, PasiMyalOTCA Ha MOPAAOK U 6osee, To BesIMuHHA [ O11-

peaensiercs no gopmyse:

!,

22
Fdeg

f=(n, +n, -~ 2)(% - (3.31)

oy 1"
oy o

Tab6auya 10. 3radenns kputepms CTbioaeHTat . MoK PasAMYHOM
AOBEDUTEABHOM BEOSTHOCTU M 3HaYeHUsaX NapameToa f

JloBepurteJisHas JoBepureasuas
f BepOATHOCTS, P f BEPOATHOCTD, P
BLE

0,95 0,99 0,999 0,95 0,99 0,999
1 12,71 63,60 . 21 2,08 2,83 3,82
2 4,30 9,93 31,60 22 2,07 2,82 3,79
3 3,18 5,84 12,94 23 2,07 2,81 3,77
4 2,78 4,60 8,61 24 2,06 2,80 3,75
5 2,57 4,03 6,86 25 2,06 2,79 3.73
6 2,45 3,71 5,96 26 2,06 2,78 3,71
7 2,37 3,50 5,41 27 2,05 2,77 3,69
8 2,31 3,36 5,04 28 2,05 2,76 3,67
9 2,26 3,25 4,78 29 2,04 2,76 3,66
10 2,23 3,17 4,59 30 2,04 2,75 3,65 |
11 2,20 3,11 4,44 40 2,02 2,70 3,55 |
12 2,18 3,06 4,32 50 2,01 2,68 3,30
13 2,16 3,01 4,22 60 2,00 2,66 3,46
14 2,15 2,98 4,14 80 1,99 2,64 3,42
15 2,13 2,95 4,07 100 1,98 2,63 3,39
16 2,12 2,92 4,02 120 1,98 2,62 3,37
17 2,11 2,90 3,97 200 1,97 2,60 3.34
18 2,10 2,88 3,92 500 1,96 2,59 3,31
19 2,09 2,86 3,88 1,96 2,58 3,29
20 2,09 2,85 3,85

Hcnoapsys 3ToT crnocod OLEHKH AOCTOBEPHOCTH PA3JIMUYKUs BbIOO-
POUYHBIX CPEAHMX 3HAYEHUU ABYX BHIGODOK, cjefyeT NpUiepKHUBaThCs
TaKO¥ MOCJIeAOBATEJIbHOCTH AeiicTBHE. Bo-mepBhIX, 110 3KCHepHMeH-
TAJbHBIM JAHHBLIM HY>KHO HalTH 3HAUYeHHUA BBHIGOPOUHBLIX CPEIHHX K
CPeAHHX KBAJAPATHYECKHX OTKJIOHEHHMH AJNA KaxJoH BbIGOpKH. 3a-
TeM, CPABHUB BEJIMYHHEI O, K G, HaiiTu Benunyuny f. [Tocne sroro cie-
AyeT 3aJaTh OonpefesieHHOe 3HaUeHHe AOBEPUTENLHONH BEPOATHOCTH H

no tabaune 10 naitru t_._ . 3areMm no ¢opmyae (3.30) paccunrars t .
Teop on
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Ecau 1nipu cpaBHeHUH TEOPeTHUECKOI'0 M ONbITHOrO Kpurepues Crbio-
LeHTa OKAMeTCH, 4To ¢, - {, ., TO PAnuyue Mexay BHIGOPOUHBIMHU
CPEAHUMH 3HAUYCHHAMM ciayuaiinblX BesauuuH X U Y MOMHO cUMTATh
CYILECTBEHHBIM € 3alaHHON AOBEepUTENbHON BepoATHOCcThHI0. B mpoTH-
BOMOJIOKHOM CJyHae pa3jMyns HecylUleCcTBeHHbI.

IlpeacraBiieHHBIH BbIILE CIIOCOD OLEHKH AOCTOBEPHOCTH pPa3jIMUKUH
BBIOOPOK 110 BBIGOPOUHBIM CPE/HUM fABAAETCH AOBOJIBHO npoctbiM. Cy-
uecTByer 0OJIbIIloe HUCJIO TECTOB M KPUTEPHEeB [JiA CpaBHEeHHA BbIOO-
POK M COCTaBJIEHUS 3AKJIIOUEHHS O JJOCTOBEPHOCTH MX pasanunil. Kak
{IPABUJIO, I1PU 3TOM PACCMATPUBAIOT BEPOATHOCTD JBYX B3aUMOUCKJIIO-
yalnx ruiored. OJHA U3 HUX, YCJIOBHO HAa3blBaeMas «HYJIeBOH» I'-
NOTE30M, 3aKJI0UaeTcs B TOM, UTO HabJrogaeMble PAa3JIHUYNA MeXAY BbI-
6opKaMH caydyalHbl (T. e. PaKTHUeCKU pa3anynil HeT). ATbTepHaTHUB-
Hafl TUIIOTe3a O3HauaeT, UYTo HabjarJaeMble Pa3jlMuUA CTATUCTHUYECKH
nocToBepHBI. [IpK aTOM A/ OlleHKU OGOCHOBAHHOCTH BBIBOLA O AOCTO-
BEPHOCTH PA3JIMYUI HCIOJb3YIOT TPH OCHOBHBIX AOBEPHUTEJIbHbIX yPOB-
Hs, IPX KOTOPbIX IIPHHUMAETCA MK OTBEpraeTca HyJieBasa THIIOTE3a.
IlepBeiit ypoOBeHb COOTBETCTBYET YpPOBHIO 3Hauumoctu B, < 0,05; ans
sroporo ypoBHa B, < 0,01. Hakonen, TpeTuii 10BepuTeNbHBINA YPOBEHD
umeer B, < 0,001. Ilpu cobarogeHUH COOTBETCTBYIOUIETO YCIOBUA Hy-
JieBasi THIIOTe3a CUMTAETCS OTBEePrHyToil. UeM BbIile JOBepUTEJbHbIH
yPOBeHb, TeM Oosiee 000CHOBAHHBIM OH cunTaeTca, PaKTHUeCKH 3HAUH-
MOCTB BBIBOJIA COOTBETCTBYET BepoATHOCTH p = 1 — fB,. B MeAHLMHCKHX
1 OMOJIOTHYECKHU X KCCIIeJOBAHUAX CYUTAIOT JOCTATOUHBIM yrKe MTepBbIH
ypOBeHb, XOTA HanboJjee OTBETCTBEHHBlE BbIBOJbl MPEANOUTHTENbHEE
JesiaTh ¢ 6oJbiIell TouHocTbo. OQHON N3 MeTOAMK, MO3BOJIAIOUIUX CY-
JUTH O JOCTOBEPHOCTH Pa3IMUKi CTATHCTHYECKUX pacnpeiesieHut, AB-
JIfleTCA PaHTOBHIE TecT Yuakokcona. Ilog panrom (R;) noHuMawoT Ho-
Mep, M0 KOTOPBIM CTOAT MCXOJHbIE JaHHBIE B DAHXUPOBAHHOM pALY.
Eciu B ABYX cpaBHMBaeMbIX BbIGOPKAaX JaHHOMY HOMEDY COOTBETCTBY-
IOT OJUHAKOBBIE BapHaHTLI, TO PAHI'OM 3THX BAPHAHT ABJsETCA Cpek-
Hee apudMeTHYECKOe JBYX PAHTOB — JAHHOTO U CJeAYIOLlero 3a HUM
(cm. npumep). [lokakem, KaK HUCHOOJb3YETCSA 3TOT TECT HA MpUMepe
CcpaBHeHMs JBYX PaBHLIX 0 00beMy BHIOOPOK.

* Uamepsan Maccy 13 HeJOHOIUEHHBIX HOBODOXKIEHHBIX (B rpaMMmax) B
ABYX pavioHax A U B 6oJIbLIOIO 1IPOMBILIJIEHHOTO eHTpa, OAUH M3 KOTODBIX
(B) orsmmuanca Kpaiine HeGIaronpuATHON 3Kosloruyeckoi o6crtanoBkoi. Ilo-
JIyyeHbl ABA CTATHCTHUYECKHUX paciipejeserus (A) u (B):

A: 970 990 1080 1090 1110 1120 1130 1170 1180 1180 1210 1230 1270

B: 780 870 900 900 990 1000 1000 1020 1030 1050 1070 1070 1100
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SJeAyer peliuTh BONPOC O TOM, JAOCTOBEPHbBI 1l PASAWUNA MEMKAY ITHMH
CTATUCTUYECKUMU DACIPeae /e HUsIMHU.

V¥ Cocrasum 0011IHH paHKHUPOBAHHBIN PAL ¢ YKA3AHUEM HOMEPOB COOTBETCT-
BYIOILMX BapuanT (R, ) -— panros (erpoku A 1 B cooTBeTeTRy 0T BHIGOpKAM):

A: 970 990 1080 1090 1110 ...
R 5 6.5 5 16 18
B: 780 870 900 90,0 990 1000 1000 1020 1030 1050 1070 1070 1100

R 1 2 3 4 6.5 8 9 10 8! 12 13 14 17

Kax Busno, Bapuatta 990 scTpevaeTcs B nepBo# ¥ BTopo# BeibopKax, no-
3TOMY [AJ15 Hee PaHIoM ABJAAETCs cpejHee apudmMeTUyecKoe 3nayedre 6 u 7.

Jajnee B pAay ocTalOTCs JUIIb BAPDUAHTHI 11€PBOH BLIOOPKY, 1103TOMY DAA
He 3axkoHuyeH. Hysierast runoresa COCTOUT B TOM, UTO PA3JIMUUIl Mexkay BrIGOD-
KaMy HeT (OHU cay4YaWHbl ¥ TOTOMY HecyIlecTBeHHbl). PaHrOBbIM TeCT yuuThI-
BaeT o0lllee pa3MelleHue BADHAHT U padMephl BLIOOPOK, HO He TpebyeT 3HaHUA
Tuna pacnpegeneHus. OCHOBHOM BbIBOA O BEPHOCTHU HYJIEBOM r'ulloTe3nl AeJsa-
eTCsl HA OCHOBAHUM aHAIM3a MMHHUMAJIbHOM CyMMbl paHToB (U3 ABYX CYMM Js
CpaBHMBAEMbIX BbIGOPOK), T. €. KpUTepueM ABasercA Beauuuna T — 2R,
(yuursiBad, uro 2. Ry < 2. R,). IIpu aTom no/ib3yloTes cnequanbHbiMyu Tabau-
namMu. B uacTHOCTH, €CiiM YMCJIO BADMAHT B BHIOOPKAX OAMHAKOBO (1, = n,), TO
ucnoJb3yercs rabauna 11.

Tabauya 11. KpUtnyeckme 3HaYeHUs BeAMYMHb! T (TeCTa YMAKOKCORAE)
ApW 1. =Ny = 1N AAS PA3HBIX 3HA4EHMM YDOBHS 3HAHMMOCTH

! n 0,05 0,01 n 0,05 0,01 n 0,05 0,01 !
5 17 15 12 115 105 19 303 283
6 26 23 13 136 125 20 337 315
7 36 32 14 160 147 21 373 349
8 49 43 15 184 171 22 411 386
9 62 56 16 211 196 23 451 424
10 78 71 17 240 223 24 492 464
11 96 87 18 270 252 25 536 505

[Ipumeuasnne. Hyjesas runoresa orpacuisaerca npu T -~ T, ;. niu
T < Ty

B aTo¥ Tabuaulie vKaszaHbl JBe BXOJHbI€ BEJWYUHBI: YUCJAO BAPUAHT B BbI-
GopKax (1) ¥ 3HaueHHe TPeTbErO M BTOPOro yposHelt snauumoctu (B, = 0,05
1 0,01). B nawew™ ciyuae T = ¥ Ry = 110,5, uto menbile Tabauunoro aHaue-
Husa ansa n = 13 u B < 0,01, CregosaTesibHO, HA BTOPOM ypOBHE 3HAYMMOCTH

(p > 0,99) M0 HO OTBeprHyTh HyJeByio runoresdy. Takum o6pasom, pasanuus
BbIGOPOK JOCTOBEPHBI C BEPOATHOCTHIO, NpeBbiatomeit 0,99.
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§ 3.4. KoppeasiuMoHHAA 3aBHCHMOCTb.
Y paBHEHUS perpeccum

DyHKIUOHANbHbIE 3aBUCUMOCTH JOCTATOUHO XOPOIIO 3HAKOMBI YH-
raTeo. YacTo 3TH 3aBHCHMOCTH MOXKHO BbIPA3MTh aHAJHTHYECKH.
Hanpumep, nnouiags Kpyra saBucut ot paguyca (S = nr?), yckopeHue
Teja — OT CUJBl U Maccsl (a = F/my) nt. 1.

IIpu nsyuyeHnn o06bEKTOB B OHOJIOrMM U MeIHILMHE HPUXOAUTCA
UMETh JeJio ¢ (QYHKIMOHAJBbHBIMU CBA3AMHU Apyroro poja. IIpu orom
OnpeAesieHHOMY 3HAaUeHHIO OJHOI'0 NMPHU3HAKA COOTBETCTBYET He OJHO
3HaUYeHHe JPYroro, a nejoe pacnpegesieHue 3HaueHHuii. Takasa cBsaA3b
HA3bIBAETCA KOPPENAYUOHHOU CEA3bI0, UIH 1IPOCTO KOppenayueu.
KoppenauuonHasa cBaA3b, HAIpUMeEP, MeXJy BO3PACTOM M POCTOM Je-
Tei BbIpa)KaeTcA B TOM, UTO KarXJOMYy 3HAUEHHIO BO3PACTa COOTBETCT-
ByeT OIllpejeJleHHOe paclpelejeHHe pocra (& He OAHO eAUHCTBEHHOe
snauenue). IIpu 3ToM ¢ yBenHueHHEM Bo3pacTa (A0 olipeeseHHBIX
TIpe/ieJIOB) BO3pacTaeT ¥ cpeiHee 3HaAUEeHUe POCTa.

KoanyecTBeHHYI0 XapaAKTEePHUCTUKY B3aUMOCBS3H H3yUaeMbIX MIPH-
3HAKOB MOXXHO JaTh HA OCHOBAHHMM BbLIUMCJEHHA MOKA3aTesNsT CHJbL
CBA3M Mex a1y HUMHU (KoadduiueHTa KOppeasanun) i olipeJejieH A 3a-
BHCHMOCTH OJHOTO NMIPH3HAKAa OT H3MeHeHUH Apyroro (ypaBHeHHU s per-
peccuu). KoabduuueHT KOppeadanuu onpeaeaseT He TOJAbKO CTeleHb,
HO KM HampaBjleHHe cBaA3ed Mexxay BearuuuHaMu. Ecau orcyrcrBHe
GYHKIHOHAJIBbHOH 3aBHCHMOCTH MeEXJy BeJIHYHHAMH YCJIOBHO COOT-
BETCTBYET HYJeBO¥ KOppeJdslliH, a NoJHasd GyHKIIUOHAIbHASA 3aBUCH-
MOCTb — KOPpeJAlnnH, PABHOK eIUWHHIE, TO CHJa KOPPeJdsanHOHHOK
cBA3H, BooOIIIe rOBOPsA, U3MepAeTCs IPOMEKYTOUHBIMU 3HAYEHUAMH
(ot 0 go +1). IIpu aToM npH MOJOKHUTEJIbHOM KoahdunueHTe Koppe-
JAIMY C yBeJIMUEHHEM OAHOI BeJIHMUMHBLI Bo3pacTraeT u Apyras. Ecau
s)Ke KoahPUUMEeHT KoppesAlii OTpUlaTeJeH, TO BO3pacTaHue OJHOTO
rnapaMeTrpa CoOIPOBOXJAeTCA YMEHbUIEHHEM JPYToro.

B npocroMm cayyae mpu JMHeHHOH 3aBHCHUMOCTH MEAY HCCeaye-
MBIMHM TlapaMeTpaMM HKCIOJb3yIOT Ko3hGDHUIHMEHT Koppeiasauun bBpa-
Bo— IupcoHa, BeruKcAgeMbL [0 GopMye:

(x; = XY ~ Yu)
L . (3.32)

G0,

i

" M:

r=

S =

3aech n — KOJHYeCTBO NMap aHATU3UPYeMbIX IPU3HAKOB, X U J, —

BbIﬁOpO‘{HbIe cpeaHue 3HAUY€HHA B pacnpejeseHHAX COOTBETCTBYIO-
IHAX [IapaMeTpoB, G, U Gy — CpelHHE KBajpaTHYeCKHe OTKJIIOHEHHUA.

Paccuurauusiit no gpopmyse (3.32) KosadppuUunHeHT KOPPEAAL MU CPaB-
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HHUBAIOT C TEOPETHUYECKHUM, KOTODbII HAXOAAT B cllelMaJbHOH Tabauile
C y4eTOM OMpeaeseHHOro ypoBHA 3HAYUMOCTH U 00bema BbIOOPKH (CM.
Tabsa. 12). BxogHBIMH 3HAUeHUAMH TaOJIHUIIbi ABJAAIOTCH YUCJIO [1ap UC-
cjieflyeMbIX MNPU3HAKOB (1) u ypoBeHb 3Hauumoctu (0,05 uaum 0,01).
IIpu aTom HyJleBas runoTtesa 3akKJa0YaeTcs B TOM, UTO KOPPeaALHOH-
HOH CBSA3U MEXIAY McC/IeJyeMbIMH IapaMeTpaMy He cyiectByert. Ecaun
noJy4aloT 3HaueHHUA KoddduitveHra Koppeasuuu 00Jbliie TabIUYHO-
ro, ¢ onpefejeHHOW CTeNEeHbIO BEPOSTHOCTH 110JAraloT, 4YTo KoppeJss-
1IMA B reHepajbHOH COBOKYNHOCTH OTJIHMYAETCS OT HYJA.

Tabauya 12. KpUieckue 3HaueHms BoibopouHoro
KOSPPULMEHTE KODPREAIUMM I AN ABYX YDOBHEM 3HGUMMOCTIM

n (005001 n 005]|001|i n 0,01 0,01 n 0,05 | 0,01
4 950 | 990 || 15 | 514 | 641 26 | 388 | 496 80 219 | 288
5 878 | 959 || 16 | 497 | 623 || 27 | 381 487 90 206 | 272
6 811 917 || 17 | 482 66 28 | 371 478 100 196 | 258
7 754 | 874 18 | 468 | 590 || 29 | 367 | 470 125 1756 | 230
8 707 | 834 || 19 | 456 | 575 {| 33 | 361 | 463 150 163 | 210

9 666 | 798 (| 20 | 444 | 561 35 | 332 | 435 200 138 | 182
10 | 632 | 765 || 21 | 433 | 549 || 40 | 310 | 407 250 142 | 163
11 | 602 | 735 || 22 | 423 | 537 || 45 | 292 | 384 300 113 148
12 | 576 | 708 || 23 | 413 | 523 || 50 | 277 | 364 400 098 | 128
13 | 553 | 684 (| 24 | 404 | 515 || 60 | 253 | 333 500 088 | 115
14 | 532 | 661 || 25 | 396 | 505 || 70 | 234 | 308 1000 | 062 | 081

IIpumeuanue. Hyap nensix u 3ansras B 3HaYeHUsX r onymwensl. Hy-
JieBasi TUTIOTe3a OTOpACHIBAaeTCH NPHU I' > I, C JAHHBIM YDOBHEM 3HAUYUMOCTH
(0,05 unu 0,01).

ITokaxxem Ha mpuUMepe, KAK PacCUUTHIBAIOT KO3(DHUIMEHT Koppe-
Asuuu BpaBa—Ilupcona.

* O€HUTH B3aMMOCBSA3b YaCTOTHI TyJabca X ¥ MakCUMAaJILHOTO apTepUalb-
HOTO faBJeHUs Y y aeTei:

X (yaapbl/MUH) 121,8 119,2 111,3 113,3 98,3 93,8
Y (MM. pT. CcT.) 99,5 103,0 103,1 106,8 99,1 99,2

¥ CorsnacHo HyJeBOU rumorese, KOPPEAAIHOHHON CBA3H MEXAy H3ydae-
MBIMH TIapaMeTpaMy Her. PaccuuTaeM BbIGODOUYHEBIE CPejHHE 3HAYEHHS U
cpesHUE KBaJADPATUUYHbIE OTKJIOHEHHS IJd MPUBEAEHHLIX Bblllle BBIGOPOK HC-
clepyemMslX Napamerpos: x, = 109,6; y, = 101,8; o, = 10,29 u o, = 2,81. Ilo
dopmyne (3.32) paccyutsiaeM xKoahdunuent Koppendnuu r = 0,44. 3arem
obpantaeMcd K Tabauue 12 ¥ HaXOAUM IJ1 MIECTH 1ap NpU3Haxos (n = 6), Te-
opeTUUYeCKoe 3HaueHUe Koaddunnenta koppenasiuuu 0,811 npu yposHe 3Ha-
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yumocti 0,05 1 0,917 upu yposre suauumoctu 0,01. B Tom u gpyrom cayyae
HyJneBas THIIOTE3a OKA3blBAETCS CIIPABEAJIMBON U KOPPeNSnMOHHOH CBA3M
MeKAYy aHaJIU3HPYeMbIMH 1IIDU3HAKAMM HE CYLUeCTByeT ¢ BeposiTHOcThIo 0,95
u 0,99.

KonuuyecTBeHHoe NpeacTaBJieHue 3aBUCHUMOCTH U3MEHEHUH OJHOro
IIpu3HaKa OT M3MeHeHUH Apyroro no3soJiAeT MNOJAYUYUTh NOKa3aTesau
pezpeccuu. Kaxk npasusio, ananua perpeccMy HauyMHAKOT ¢ rpapuye-
CcKoro usobpaxeuusa naHHbIX. [Ipu GoabIIOM YHMCIIe HCXOMHBIX JAH-
HBIX AJISl BBISIBJIeHUA 0011€eil 3aKOHOMEPHOCTH BBIYHUCIAAIOTCA CpefHue
3HAYeHUA OJHOro mMpu3HakKa (y) B rpynmnax (kjaccax), COOTBETCTBYIO-
IIMX OoNpeleseHHOMY HHTepBajly 3HaueHUIl Apyroro mpmusHaxa (x).
IIpu noctpoeHuu rpaduka no ycpeJHEHHBIM AAHHHIM TOYKH Ha rpa-
¢puKe pacrojaraTca BA0OJb TaK Ha3bIBAEMOH 3MIIUPUUYECKONH JTUHUU
perpeccuu. 3aTeM IPOBOAAT NoabGOp M COCTABJIEHWE yDPaBHEHUA per-
peccuy. C nmoMoLIbI0 TAKOro ypasHeHHA MOMKHO TEOPEeTHYecKH pac-
CUMTATh 3HAUEHHUA, KOTOPBIE JOJKEeH NPUHUMaTL OAUH NMPU3HAK IIpU
olpefieJleHHbIX 3HAUYEHUAX JApyroro (ypasHeHUe [IPOrHO3a).

Ecau npepnoJsiaraeTcs CYIeCTBOBAaHUE JHMHEHHOH 3aBMCHMOCTU
MeX 1y HcCJelyeMbIMU NpU3HaKaMU (JUHeHHasa perpeccHs), TO Ipo-
BOIUTH perpeCCHOHHBIH aHaau3d Haubosee mpocro. YacTo Impu aToM
MPUMEHAIOT rpaduueckuil metoa. s npoBeieHUA TUHHUU Perpeccuu
UCMOABL3YIOT NPO3pauyHyIo JUHENKY, MpuaaBad el Takoe IOJOKeHHe,
yTOOBI BBILIIE M HUXKe HMpejroJaraeMoil JUHUY perpeccMM oKa3ajoch
npubaN3UTEeBHO OJMHAKOBOE YHUCJIO IMIUpUYecKuX Touek., Ha mosy-
YeHHOH NMpAMO onpenensoT KOOpPAWHATHL ABYX HamuboJsee OTAaJIeH-
HBIX TOYEK X;, Y; U X,, Y,. 3aT€M COCTABNAIOT CUCTEMY ABYX ypaBHe-

HUHI:

Ii

Yy, =a +bx,,

Y, =a +bx,.

W3 nonyyeHHOHN cUcTeMbl yPaBHEHUH ONpeAeSAT HEM3BECTHLIE a
ub:b=(y,-y,)/(x,—x)),a=y, - bx; =y, - bx,. Haxonern, npu u3-
BeCTHBIX K03 PUIIUeHTaX @ U b 3aIUCHIBAIOT ypABHEHHE IPOTHO3a, Ha
OCHOBaHUU KOTOPOTO MOXXHO pacCYHUTaTh 3HA4YeHUe ITapaMeTpa Y Ipu
U3BECTHOM 3HAYEHUU X.

B HacTosIee BpeMA NpH CTATUCTUYECKOM aHAJIU3€ SKCIIepHMeH-
TaJbHBIX JAHHBIX IIHUPOKO HUCIOJb3YIOTCA KOMILIOTEPHBIE BBIYMCIH-
TeJbHBbIe NPOrPaMMEI, [TIO3BOJAIOIINE IPOBOAUTh KOPPEJALUOHHBIN 1
perpeccHMoHHbIH aHau3. Bosee mogpofHO NpaKTHYecKoe IPUMEHeH e
STOTO BHJA aHaIM3a paccMaTpUBaeTCA B Kypce COIMAJBLHON rmrueHbl
¥ OpraHM3alyy 3apaBooXpaHeHud.
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MexaHuKa.
AKYCTUKA

Mexaﬂuxox}'x Ha3bIBAIOT pa3jet

(GU3HUKY, B KOTOPOM U3Yy4aeTcsd MeXaHUYeCcKoe IBHXKeHUe MaTepyasib-
HbIX TeJ. ITox MexaHUYeCKUM JBUKeHUEeM MMOHUMAIOT U3MEeHeHHe 110-
JIOKEHUA TeJsla MU ero yacTeil B MPpOCTPAHCTBE C TEUEHUEM BpeMeHU.
MexaHHKa, B OCHOBY KOTOPOi MOJIOoKeHbl 3aKoHbl HbiOTOHA, HAa3bIBa-
eTcs KJjaccuueckod. B Hell paccMaTpHUBalOTCA NBUMEHUS MaKpOCKO-
MUYECKUX TeJI, MPOUCXOAALINE CO CKOPOCTAMU, MHOTO MEHBIIUMU
CKOpOCTH CBeTa B BaKyyMe. Bonmpockl JaHHOTO pa3aesa MOTYT, B YacT-
HOCTH, OBITH UCITOJIb30BAHBI JJA CJAeAYIOLIUX Henei:

— NOHUMAHUA MEXaHHWKY ABUKEHUs LeJoro opraHudmMa M mexa-
HUKH OMMOPHO-ABUTATEJLHOIO alliapara yeJioBeKa;

— 3HAHUA MeXaHHUUYECKUX CBOMCTB OMOJOrUYEeCKUX TKAHEH U Xu -
KocTe;

— 3HaHUA 0BIUX 3aKOHOMEpHOCTeN MepUuoOLUYeCKHX IMpPOoIeccos,
IIPOTEKAIOUIMX B OpraHU3Me;

— NOHUMaHUA paboThl yxa U BeCTUOYJAPHOro amniliapara Kaxk Qu-
3UYECKUX YCTpOHCTB, cepAlla Kak Hacoca U T. I1.;

— BBIACHEHUA 6MO(PHU3NYeCKOTO MeXxaHu3Ma neiCTBUA yIbTpPa3By-
Ka U ap.
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HekoTopble BONpoCh B1omexaHMKm

BHOMEXBHUKOM HA3LIBAIOT PE3ACA BUOGU3IMKM, B KOTOPOM Pac-
CMATOMBAIOTCS MEXGHUHECKWe CBOMCTBA XMBbIX TKaHEM 1 Opra-
HOB, @ TAKKE MEX3HWUYECKME SBACHUS, MPOMCXOAILUME KAK ¢
LIABIM OPIaHM3MOM, TaK U C OTARABHbBIMUK €ro OpraHamy. [osops
KOETKO, BUOMEXEHMKE — ITO MEXGHWKE KMBbIX CUCTEM.

§ 4.1. Mexanunueckasa paGora ueroBeKa.
Jdpromerpus

Mexanuyeckaa pabora, KOTOPYIO CIOCOOEH COBEPUIUTH YEJOBEK B
TeueHUe QHS, 3aBUCUT OT MHOTUX (PAKTOPOB, NO3TOMY TPYJHO YKa3aTh
KaKkyo-1ub0 NpefebHYI0 BeJUYUHY, JTO 3aMeYaHUe OTHOCUTCA U K
MonfHocTH. Tak, nMpU KpaTKOBPEMEHHBIX YCUJIMAX UYEJOBEK MOXKET
pa3BUBATH MOIIHOCTH MOPAAKA HECKOJBKUX Kuaosart. Ecau crnopre-
MeH maccod 70 Kr moampbIrMBaeT C MECTAa TAK, UTO €ro LeHTDP Mace
nmogHUMaeTcd Ha 1 M MO OTHOIIEHUIO K HOpMAaabHOH cTOiKe, a (a-
3a orrajikuBanua gaurtca 0,2 ¢, To OH pasBUBAEeT MOIIHOCTH OKOJIO
3,5 kBr.

IIpu xonbbe yenoBeK copepiiaetr paboTy, Tak Kak IpHU 3TOM dHEP-
TUs 3aTpaydBaeTcA HA NepuoauyecKoe HebOJbIIOe NOAHATHE TeJa H
Ha YCKOpeHHe U 3aMejJjieHVe KOHeUHOCTe!, riaaBHbpIM 06pa3oM HOT.

YenoBek Maccod 75 Kr npH xoanfe co CKOpOCTHIO 5 KM/4Y pa3BH-
BaeT MoIHOCTh oxoJo 60 Br. C Bo3pacTaHMeM CKOpPOCTH 3Ta MOII-
HOCTBb OBICTPO yBesnuuBaercs, nocturas 200 Br npu cxopoctu 7 KM/4.
IIpu e3ne Ha Besocunene Mojl0KeHHe HEHTPA Macc yeJoBeKa H3Me-
HAETCS TOpasfo MeHbIle, YeM NpU xoabbe, a yCKOpeHUe HOT TOXKe
meHnbire. I1oaToMy MOLIIHOCTB, 3aTpauBaeMas Npy e3je Ha BeJIoCHIIe-
e, 3HaunuTenbHO MeHbne: 30 Bt npu ckopocru 9 kMm/4, 120 Bt npa
18 xM/u.

Pa6ora obpaiaercA B HyJb, ec1u nepememeHud Her. IloaTomy,
KOrja rpys HaxoAWTCA Ha ONOpe WM MOACTaBKe WJIM HOABellIeH Ha
HHUTH, CHJIA THAXeCcTH He coBepiuaeT paborsl. OfHAKO KaXKI0My U3 HAC
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JHAKOMA YCTAJI0CTh MbilLIl PYKM U
gaeuya, €cJd LEPKATh HElOLBHIMKHO
Ha BLITAHYTOH DyKe I'MpIO WJU TraH-
rejab. TOUYHO TAK Ke YyCTalT MBIIIIbI
cOUHBI U IOSACHUYHOK obsiactu, ecau
cuUAAIEeMY 4eJOBeKY IIOMECTUTh Ha
criuny rpy3. B oboux caydasax rpys
HenogBUXKeH ¥ paborel Her. Ycra-
JIOCTb K€ CBUIETEeJbCTBYET O TOM,
yTO MBIHILBI coBepIaT padory. Ta- Puc. 4.1

Kyl paboTy Ha3bIBAlOT cmamuue-

ckoll pabomoi mbLy,.

CraTuKH (HEMOABM>XHOCTH) TaKOi, KaK ee MOHUMAaIOT B MeXaHUuKe,
HA caMoM jese HeT. [IpoMcXonAT oueHb MeJKHe U yacTthle, He3aMerT-
Hble TJ1a3y COKpaIlleHUs U paccyabieHus, U MpU 3TOM COBepllUaeTcs
paboTa NpOTHUB CUJ TAMecTH. TakuMm o6pasom, cTaTHueckaa pabora
yeJIOBeKa Ha CaMoM JeJie ABIALTCA OOBIYHON AUHAMUUYeCKOH paboToil.

Idna uamMepeHUA pabOTH ueJIOBEKA MPUMEHAIOT IIPUOOPBI, HAa3bl-
BaeMble Ipzomempamu. COOTBETCTBYIOIUI pasnes M3MepHUTelbHOM
TeXHUKU Ha3biBaeTcd apzomempuei.

I[Ipumepom spromeTpa CAY>KHUT TOPMO3HOI BeJiocuIies (Beso3apro-
meTp; puc. 4.1). Yepez oboxn Bpamarieroca Kosaeca I 1nepexKuHyTa
crayibHaA jJeHTa 2. Cujla TpeHUA MeXAy JIeHTOHM M 0000M KoJieca HU3-
MepsieTcA auHamomeTpoM 3. Bea paGoTa UCHBITYyEeMOro 3aTpauyuBaeTca
Ha IpeoJoJeHHe CUJIbl TPEHHUA (OCTaJILHBIMU BUaMHU paboT npeHebpe-
raeM). YMHOXKHB JJHHY OKPYXHOCTH KoJeca Ha CUJY TpeHUs, Hail-
ZeM paboTy, coBeplIiaeMyIO NpU Ka)JaoM obopoTte, a 3HadA 4UCI0 060-
POTOB ¥ BpeMsA HCIBLITAHUA, ONPEAENIUM IOJHYI0 padoTy U CpeaHIOI
MOII[HOCTb.

§ 4.2. Hexoropsie ocoGennocTH
NOBeeHUs YeJIoBeKa
IIPH Ieperpyskax M HeBeCOMOCTH

B 06bIuHBIX YCIOBHAX HA YEJIOBEKA JeACTBYIOT CHJIA THMKECTH U CU-
JIa peaknuy onopbl. IIpy OTCYTCTBUM YCKODEHUA 3THU CHUJBI PaBHBI U
IPOTHBONONIOXKHO Hampas/jeHbl. TaKoe COCTOSHHE eCTeCTBeHHO I
4yenosexa.

[lpu yckopeHHOM ABUIKEHUM CHUCTEMbI MOTYT BO3HUKHYTbL OCOObIE
COCTOAHUA, HA3BIBAEMbIE [IEPErpy3KaMH U HEBECOMOCTLIO.
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Puc. 4.2 Puc. 4.3

PaccMoTpuM HEKOTOpBIE IIpUMEDHI.

ITycts yenoBexk HaxoauTCs B KabuHe audrta (B pakeTe), KOTOPHII
ITOAHUMAETCA BBEPX C yCKopeHHeM a (pHc. 4.2). Ha yenosexa pmeiict-
BYIOT CHJIA TSECTU Mg U CUJIa PEAKLIHH OlIopBbI F,. Tlo BTOpomy 3aKo-
Hy HrioToHAa, Fp + mg = md, w1y B ckansApHo# Popme c yueToM Ha-

1ipaBJeHUA CU
Fp - mg=ma; Fp =m(g + a). 4.1)

B aToMm ciayuae cvsia peaku Uy ONOPHI HOABIIE CUJBl TAMXKECTH (Fp >
-~ mg), ¥ BOBHUKAIOT neperpy3xku. Tak, ecan a = g, To Fp = 2mg (ABy-
KpaTHas [eperpyaka), ecju a = 24, To F, = 3mg (TpexxpaTHas mepe-

rpy3ka) u T. g. Ileperpy3aka BrIpa)kaeTcs OTHOILIEHUEM 1| = :l—f’g

Opyroit npuMep: desioBexk HaxoguTcA B Kabuune audra (BHyTpH
CIIyCKaeMOro KOCMHUYEeCKOTO annapara), KOTOpblH 3aMelJIeHHO, T. €. C
TOpMOXKeHUueM, onyckaeTca BHU3 (puc. 4.3). Hanpasnenus cua 4 yc-
KOPEHUs COOTBETCTBYIOT HPEABLIAYIIEeMY IIPDUMEpPY, II03TOMY U B 3TOM
cayuae nosydaeM ¢opmyay (4.1). HYesnoBek UCOBITHIBAET Neperpy3KHU.

Ileperpyaku Moryr oxkaselBaTh CylLIECTBEHHOE BJIHMAHHUE HA opra-
HH3M YeJIOBEKa, TaK KaK B 3TUX COCTOAHUAX NPOUCXOAUT OTTOK KPO-
BU, U3MEHsETCA B3aHMHOE naBJIEHHe BHYTPEHHUX OpPraHOB ApPYT Ha
apyra, so3auxaer ux gedopmanud u T. 1. Ilosromy uenosex crnocobex
BBIIED)KUBATh JUIIb OrpaHUYeHHbIe neperpy3xku. Ha puc. 4.4 cxema-
THUYECKHU IOKA3aHbI IIOJIOKEHUA Tejia U IPUBeJeHbl COOTBETCTBYIOIINE
3HaUYeHUsA Meperpy3oK, KOTOpble MOXKET B TeueHHUe Io KpaliHeil mepe
HECKOJIBKUX MUHYT BEIHOCUTH 3Z0OPOBLIN UesioBeYecKUit opranuam 6es
TOT0, 4YTOOBI NPOUBOMININ KAaKHe-1M00 cepbe3Hble HAPYIIIeHUS.

Ecau nmudt (Mau ‘KocMuueckHil KopabJsib) YCKOPEHHO JBMIKETCS
BHU3 (puc. 4.5) UJIU 3aMeJIEHHO BBepX, TO

mg — FlD =mauu F = m(g - a). (4.2)

Kak BuaHO, peakuysA ONOpPHLI MEHBIIIE CUJIBI TAMECTH FlD < mg. Ec-
Jv a = g, TO Fp = (0 — coCcTOsTHHEe HEeBeCOMOCTH. JTO TAKOe COCTOAHMUE,
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Puc. 4.4 Puc. 4.5

HpHY KOTOPOM NeHCTBYIOIIYe HA CUCTEMY BHEIIIHUE CUJIBI HE BbI3bIBAIOT
B3aMMHBIX AaBJEHUH YacTHIl CUCTEMBI APYT Ha Apyra.

Haa 6uonozuveckux o06seKmo8 He8eCcOMOCMb - HEOOGbIYHOe O
cmosHue, xomsa u 8 00blOPHHOUL HUIHU 8CMPEYAIOMC KPAMKOBPe-
MeHHble nepuodbl HACMUYHOU He8eCOMOCMU: NPbINKU, Kadeau, HaA-
4aa0 08uNeHUs BHU3 CKOPOCMHOZO0 Audma u m. n.

OTcyrcrBye 1eiCTBUA OMOPHI IPU HEBECOMOCTHU IIPUBOAUT K 06111e8
JeTPEHHPOBAHHOCTH U CBA3AHHOMY € 3TUM CHUKEHUIO paboTociiocob-
HOCTH; IIpY 3TOM yMeHbILIAeTCA MBIIIIeYHas Macca, MPOUCKOAUT NeMIi-
HepaJu3auusa KocTHoH TkaHU. [IoaToMy KOCMOHABTAM B YCJIOBUAX He-
BECOMOCTH INPUXOJUTCA IIPOBOJUTH CHeIlHajbHble TPEHUPOBOUHLIE
gu3UYecKHe yHNpaXHEHUA HUJIU HOCHUTH 0COOble KOCTIOMBI, KOTOPhLIE,
3aTpyAHAA NBUXKEHHUeE, IO3BOJAIOT JOTPYXaTb padoTy MBIIIL.

B 00b1yHBIX yCJIOBHUAX THAPOCTATHYECKOE AaBJjeHUue pgh KpoBU B
BepxHeH 4acTH Tesa MeHbIIle, UeM B HuXKHei. B HeBECOMOCTU KPOBbL
paBHOMEpPHO paclnpejesdeTcd B OpraHuU3Me; 3T0 03HayaeT, UTO BepX-
HAA YacThb TeJla IepelloJHeHA KPOBLIO MO CPaBHEHUIO C OOBIUHBIM CO-
CTOSTHUEeM, OLIYLIAeTCs TAMKECThb B TOJIOBE, MOABJAETCA OT€YHOCTD JIU-
ua.

Becrubynsapueiit annapar (cM. § 4.3) Ha HeBeCOMOCTb OyAeT pearu-
pOBaThH TaK, KaK 6yJATO OTCYTCTBYET IpaBUTAIMOHHOE [0Je, BO3HUK-
HYT BeCTUOYJIApHBIE paccTpPoICTRa.

Paccmorpum noagpobHee 0cOGEHHOCTU ABHMKEHUA TeJa 4YesIOBEeKa B
YCJIOBUAX HEBECOMOCTH.

IIpakTHueckoe ocBOEHHE YEJOBEKOM 3aKOHOB ME@XaHUKH MPOUCXO-
JUT C paHHero AeTCTBA: Mbl YUYUMCA CHUIEThb, CTOATh, XOAUTh, Oerarsn,
coBepIIaTh (pU3UUeCKUe yNpaXHEeHUs, paboraTh, KATAThCA HA BeJIO-
cumnene U T. n. Bce 310 nocTUraeTcs HaMMU B OCHOBHOM 0e3 Teopetruye-
CKHMX 3HAHUI COOTBETCTBYIOIMX 3aKOHOB. YesioBeK NIpUBLIKaeT K Oec-
CO3HATeJILHOMY COBepIIeHUI0 MeXaHHWuYecKHUX pneilcTBUil. Tak, npu
TOJNKAHUU AIpa YeJOBeK UHCTUHKTUBHO yIUpaeTcA HOToH, 4ToObl He
ynacTh IpH «OTAaYe»; yAapAs MOJIOTKOM, pabouyuil Hellpou3BOJILHO
HaMpAraeT MBILIIBI, IPENATCTRYIONME BpaIeHUIO KopIiyca, U T. [I.
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IlapagokcanbHO, HO YeJiIOBeK HACTOJBbKO MPUBBIKAET K 3aKOHaM
MeXaHUKU, 4YTO HAaUMHaeT 3aMedaTh UX IIPOsBIeHHe B OCOOBIX, peIKHUX
U MaJIOTIPUBBIYHBIX CJAydasiX.

K TakuM 0CcO6€HHOCTAM U MPaKTUUYECKH BAXKHBIM NPOABJEHUAM 3a-
KOHOB MEXaHHKH OTHOCUTCH JBUTraTe/bHas NeATeJbHOCThL 4YeJOBEKa B
yCIOBUAX HEBECOMOCTH WM, KaK IPUHATO TOBOPHUTH, B 6€30IOPHOM
npocrpaHcree. HeTpysHo uoacuuTaTh, NOJAbB3YACH 3aKOHOM COXpaHe-
HUA UMIYJbCA, YTO €CJH yesoseK Maccoit 100 KT B COCTOAHUU HEBECO-
MocTH 6pocuT Teso maccoit 0,1 Kr co cKopocThio 3 M/c, TO caM OH Hauu-
HaeT ABUTATLCA B IPOTHUBOIMOJIOMKHYIO CTOPOHY €O cKopocThio 0,3 cM/c.
Ecau O6pocok cieslaTh C pasMaxOM PYKH, TO TeJIO YeJioBeKa HauHeT
noBopauyuBaThca. TakoBO HeOOBIYHOE, IO CPABHEHHUIO C 3eMHBIMHU yCJIO-
BUAMH, MPOABJEHUE 3aKOHOB COXPAHEHUA UMIIYJbCA U MOMEHTA HM-
nynabca. OCTAHOBUTHCA UYEJOBEK CMOJKET, TOJbKO B3aUMOAEHCTBYSA C
IPYTUMHU TesaMy. Ecay desoBeK B COCTOAHUM HEBECOMOCTH 3aXOUYeT
clenaTh yupaKHEHHe «yroji», KOTopoe NocCTa-
TOYHO YETKO BLITOJHAIT T’MMHACTEI B OOBIYHBIX
YCJOBUAX, TO ABH)KEHUE HOr BLI3OBET BCTpeu-
HBIH moBopoT Kopuyca (puc. 4.6). ITosopoT xop-
nyca B yCJOBHAX HEBECOMOCTH, B TOM 4ucae U
npy cBOOOJAHOM IMAJEHUH, COBEPIUAIOT NyTeM
BpalneHua KOHeYHOCTAMU. Tak, HampuMep, Ko-
HycooOpa3Hble BpaujaTeJbHbIe ABMIKEHUA pY-
KO! Haj roJioBOH BBI3OBYT BpallleHHe Koplyca
BOKpYT OCH cuMMerpnu (puc. 4.7).

Ecau B yCI0OBUAX HEBECOMOCTH UeJIoBeK Oy-
JIeT 3aBUHYMBATH raifKy, TO OH caM HauyHeT Bpa-
IIATHCA B IPOTHUBOIIOJIOXKHOM HalpaBJeHUH.

B ycioBuAX HeBeCOMOCTHU AEHCTBYIOT Te Ke
HM3BeCTHbIE 3aKOHbI HbIOTOHA, HO B CHJIy HEO-
6LIYHOCTH YCJIOBU YeIOBEK JOJIXKeH NPUBLIKATh
K ABIDKEHUAM B HeBecoMocTHU. Peskue aBuke-
HHUA TOJIOBOH, pyKaM4 HMJIYM HOraMu, orOpachiBa-
HUe KaKkUX-Jub0 NpeIMeTOB MOT'YT CYIIECTBEHHO
M3MEeHUTh ABMIKEHHE TeJla YeJoBeKa.

- 9TO y4yUTHIBAETCA KOCMOHABTAMHM KaK IpH
MOATOTOBKE K KOCMUYECKHUM II0JIeTaM, TaK U BO
BpeMs nojeTa. IlepBrolil yeioBeK NJIaHETHI, BhI-
IIeAIINI B OTKPLITHIN KocMmoc, A. A. JleoHos
IHUIIeT B CBOEH KHUIE, UTO «...MOCJE HEKOTO-
poii NMOATOTOBKU YEJOBEK CMOJKET Jake HpU
6e30MOPHOM «IJIABAHHUM» B HEBECOMOCTH OBICT-
PO M TOUHO OPHUEHTHPOBATH CBOE TEJIO B JIIOOOM
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HaMpaBJeHUU MCKJIOUUTEJNBHO 32 CUeT MBIIIEYHBIX YCUJIUH, He lIpu-
foeras K MOMOIIHY TEXHUUYECKHUX cpeacTB». U panee: «Ilo-Bugumomy,
B HEBECOMOCTH, MPH HAJUUYUU caMON HE3HAYUTENbLHONH TOUYKU OIIOPHI,
MOYXHO BBITIOJIHATH Ji00bIe paboThl 6€3 3aMeTHBIX HapyLIeHUH Koop-
JUHAIUU ABUMeHU» !,

§ 4.3. BecTuOyasApHbIA anmapar
KaK MHepHMaidbHasd cMCTeMa OpHeHTaIluu

B 0OBIYHBIX YCJI0BHAX IMOJIOMEHNE CBOOOAHO MMOABEIIEHHOI'0 MaAT-
HUKAa YKa3bIBAEeT HAMpaB/JeHUe CUJbI TAxecTH (puc. 4.8, a). Ecnu ma-
ATHUK MOKOUTCA OTHOCHUTEJBHO YCKOPEHHO ABMK YIIeiCA CUCTEeMBI OT-
cuera (HeHHepIHaJbHAA CUCTEMa OTCYETa), TO ero IOJIOXKeHHe 3aBH-
CHT OT yCKOpeHus cucteMsl d (puc. 4.8, 6). Kak caexyer us pucynka,
o BTOpoMy 3akoHy HbroTOHa,

F,+mg="F =ma,
T[e pe3yJbTHPYIOLad CUJla PaBHA 10 BeJIUUNHE
Fp =mg tg a, unu ma = mg tg o,
OTKyAa
a=gtga. (4.3)

CnepmoBaTesbHO, fa’ke MPOCTONA MaTeMaTHUYECKH MAaATHUK B IPUH-
uHIe MOXeT ObITh UCIOJIL30BAH JIA ONpeiesieHUA MOAYJA U Hanpas-
JIEHUA YCKOPEHUS CUCTEMBI.

Bonee yno6HbBIM UHAXNKATOPOM YCKOPEHUA CHUCTEMbl ABJIAETCA YCT-

poiicTBO, M300pakeHHOe HA pHuc. 4.9, — TeJo U3BECTHOH MacChl yK-
peILIeHo Ha uecTy npyxunkax. Ilo qepopManyy npy>»UH MOHO OII-

Puc. 4.8 Puc. 4.9

I JleonoB A. A., Jlebeaer B. U. Ilcuxonoruyeckue oCo6EHHOCTH AeSATENb-
HOCTH KocMOHaBTOB. M., 1971.
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penesiuThL 3HAYEHHE U HampaBJeHUue CuJbl, AeHCTBYIOIIEed Ha Teslo, a
OTCIOfla U YCKODEHUE CUCTEMBI, eCJd YUYeCTb YCKOpeHHe CBOOOJHOTO
nagenus. Takoro poga UHAUKATOPHI UCIIOAB3YIOTCA B UHEPIUAJIBHOMN
HaBUTI'allUM, NOJYYUBIIENd pa3BUTUE B CBA3H C peuUIeHUeM KOoCMUUe-
CKUX 3azau.

B camoMm pesie, ecsiv U3BECTHO YCKOpEHUE CUCTEMbI, Hallpumep pa-
KeThl, B KaXXIblil MOMEHT BPEeMEHHU, TO MOXXHO HANTH 3aBUCUMOCTH

CKOPOCTH OT BPEMEHU:
v = | adt. (4.4)

Onpepenus v = f(t), MOXHO HANTU 110JOM¥EHUE CUCTEMbl B J1000M
MOMEHT:

x=[vdt y=lvdt z=[vde (4.5)

Takum ob6pazom, MOKHO 63 MOMOIIU CPEACTB, HAXOAALIUXCA BHE
paKeThl, aBTOHOMHO YCTAHOBUTH €e MeCTOIOJIOM eHue, CKOPOCTh U yC-
KOpeHue B JII0O0T MOMEHT BpeMeHU.

CooTBeTCTBYIOLIHE YCTPOICTBA HA3BIBAIOTCA UHEPUUALbHbLLMU
cucmemamu OPpUEHMAYUL.

B uesoBeueckoM OpraHu3Me UMeeTCA OpraH, KOTOPBIM TOXe, II0 Cy-
LIEeCTBY, ABJAETCA UHEPIHUAJBLHON CHUCTEMOI OopueHTauuH, —-- 3TO 8ec-
mubyaaproii annapam!. OH pacnosioKeH BO BHyTPEHHEM yXe U COCTO-
UT M3 TpeX B3aMMHO MEepHeHAUKYJISAPHBIX MNOJYKPYIKHBIX KaHaloB K
u nojoctd — npeaasepua B (puc. 4.10). Ha BHyTpeHHel nmoBepxHOC-
TH CTEHOK NpeagBepUs U B YACTHU HOJYKDPY>XKHBIX KAHAJIOB HAXOAAT-
cA rpynnbl YyBCTBUTEJbHBIX HEPBHBIX KJIETOK, UMEIOLIHUX CBOOOJHBIE
OKOHYaHUA B OpMe BOJOCKOB. BHYTpHU NpeiiBepHsi U MOJYKPYKHBIX
KaHAJIOB eCTh CTyJeHHUCTaA Macca (3Hzoaumda), cofeprxaiinas MeJKue
KpUCTaJLBI (hochopHOKHUCIOTO U yrie-
KUCJIOTO KaJbIlUA (OTOJIUTHI). ¥YCKO-
peHHOe IlepeMelileH1e T'OJIGBbI BhI3bIBA-
eT nmepeMeleHye dHAOMUMPHI U OTOJIH-
TOB, UTO BOCIPHHHUMAETCA HEPBHBLIMU
KJeTkamu (uepea Bosocku). Becrudy-
JApPHBIN annmapar, Kak ¥ Jibasa apy-
ras (pusudecKasn cucTemMa, He OT/IM4aeT
rpaBUTALMOHHOE BO3AEeHCTBUE OT BO3-
IeficTBUH, BOBHUKAIOIIUX MPHU YCKO-
Puc. 4.10 PEHHOM JBHKEHHUU CUCTEMBI.

1 Or cuctemnl, usobpaxceHHOR Ha puc. 4.9, BecTUOYNSApHHIR annapaT
[IPUHLOUIINANBHO OTJIHYAETCH TEM, YTO HE CIOCOOEH KOJIMYECTBEHHO Ompee-
JIUTH YCKOPEHUE YesIoBeKa. ITO 06CTOSATENbCTRBO He N03BOJISAET YEJIOBEKY, e1y-
meMy B 3aKPBITON KabMHe MalllMHbl, ONPEAS/IMTh MECTOHAXOMKACHUE aBTOMO-
ousid.
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Hai oprauuam npucnocodbuics K JeUCTBUI CHJbL TAMXKECTH, COOT-
BeTCTBYIOLIYIO NPUBBIYHYIO MHOPOPMAIUIO KJIETKU BeCTHOYJIAPHOTO
anmnaparta coo0UIAIOT B MO3I', IO3TOMY COCTOAHUA HEBECOMOCTH U I1epe-
IPY30K BOCIPUHHUMAIOTCA HAMU [OCPEICTBOM BeCTUOYJIAPHOrO ama-
paTa (4 ApYTUX OPraHoB) Kak HeoObIYHbIe COCTOAHUA, K KOTOPbIM He-
06X0OIMMO ITPUCITOCODUTHCH.

Ecnu okasbiBaercs 11lepDHOJHMYECKOE BO3JleUCTBUE Ha BecTUOYIAD-
HbI{ allllapaT YyeNoBeKa, Hallpumep, NPU Kauxke KopabJdA, TO aTO MO-
eT IIPUBECTH OPraHU3M B 0c0oBOe COCTOAHME, Ha3blBAEMOe MOPCKOU
601e3Hb10.

rAABA5

MexaHmueckme KoaredaH1s 1 BOAHDI

[MOBTOPSHOULMECS ABVKEHMS MAU U3MEHEHUS COCTORHUS Ha3bIBa-
0T KOACHEHUIMU (NEPEMEHHBIN IACKTOUHECKUI TOK, ABUXEHUE
MaATHUKE, paboTa cepalia 1 T. 1.). Bcem koaeHarHnam, He3aBnCh-
MO OT WX MPUPOABI, MOUCYLM HEKoTopble obLme 3aKoHOMER-
HOCTU. B 38BMCHMMOCTU OT XapaKTepa B3aMMOAEMCTBIA KOAZOAKD-
LEMCH CUCTEMBI C OKPYXEIOLIUMN TEAGMIN PEIAUHBI0T KoAeHaHWS
cBoBOAHBIE, BbIHYXAEHHbIE 1 aBTokoAeOaHUS. KoreBaHus pac-
NPOCTRAHIKOTCS B COEAE B BVAZ BOAH. B AGHHOM rA@Be paccmaTt-
PUBAIOTCH MEXBHUYECKME KOAEDHEHNS 1 BOAHDI.

§ 5.1. CroGoannie MexaHnuecKne KoJeO0aHusA
(He3aTyxaroliue H 3aTyXarolrme)

C60600HbIMU (COGCMEEeHKHBIMU) KOebAKHUA MU HA3LIBAIOT TaKue,
KOTODBIe COBepInawTca 0e3 BHEIMHUX BO3JeHCTBUN 3a CUET MepBOHa-
YaJbHO IIOJIYUeHHOH TeJIOM SHepruu. XapakTepHbIMU MOJAeJIAMU Ta-
KUX MeXaHHUUYeCKUX KoJsebaHu#l ABJIAIOTCA MaTepHaJbHAA TOYKAa Ha
OpYy KrHe (IPpYKUHHBI MAATHUK) U MaTeprajbHasg TOUKA HA Hepac-
TAMKUMOH HUTH (MaTeMaTUUYeCKU I MAATHUK).

B stux npumepax KoseO0aHUA BO3ZHUKAIOT JubO 3a CUET [epBOHAa-
YaJabHOHN HOTEHUKATbHOU 3HePrruM (OTKJIOHEHHEe MaTepUabHOH TOUYKHU
OT IOJIOXKEHUA pPABHOBeCHA M ABUXKEHUe 0e3 HAYAJIbLHOH CKOpPOCTH),
1160 3a cUeT KHHeTHUeCKOH (Tesy coobIIaeTcsa CKOPOCTh B HAYAJIbHOM
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IIOJIOKeHU W paBHOBECU), 1160 3a cUeT U TOU U APYroil sHepruu (co-
00OIIIeHUE CKOPOCTH TeJly, OTKJOHEHHOMY OT ITOJIOKEHUS PABHOBECHA).
PaccMoTpuM nNpyUHHBIA MaATHUK. B nosoenunu pasHOBecus
(puc. 5.1, a) ynpyrasa cuna F, ypaBHOBellliBaeT CUNY TAMKECTU mg.
Ecnu OTTAHYTH IPYXKUHY Ha paccTofdHue x (puc. 5.1, 6), To Ha MaTe-
pUaibHYIO TOUuKy Gyaer aeiicTsosaTh GOnbmias yupyraa cuna. Mame-
HeHUe 3HAUeHUA ynpyro# cuist (F), cornacHo 3akouy I'yka, npomnop-
IHOHAABHO U3MEHEHUIO AJIMHBI NPYXKUHBI UK CMEIEHUIO X TOUKH:

F=—kx, 5.1)

rae k — KoadPUUUEHT NPOIOPIUOHAILHOCTH MeX Ay CUNOH M cMellle-
HUeM, KOTOpbIH B JAHHOM cCjydae ABJIAeTCA ECTKOCTbIO NPYXKUHbI;
3HAK MMHYC IIOKAa3bIBAET, YTO CUJIA BCETJ/la HAIpaBJyeHa B CTOPOHY I1O-
nokeHudA paBHoBecudA: F < Qnpux >0, F ~ Oopu x <0,

Hpyroit npumep. MaTemarrndyeckuit MasTHUK (pUc. 5.2) OTKJIOHEH
OT IOJIOXKEeHUA paBHOBECHA Ha TAKOHN HeGOoMbIION YyToJI o, 4ToObl MOXK-
HO OBLJIIO CYUTATL TPAEKTOPHIO ABHXKEHUA MaTePUAJIbHON TOUKM HPA-
MOM JuHUeH, coBnanamiei ¢ ocbio OX. Ilpu 3ToM BLIMOJIHAETCA [1DU-
G1u>KeHHOE pABEHCTBO:

a=sina= tgat‘;, (5.2)
TJe X — CMelleHle MATepHaJbHONH TOUKU OTHOCUTEJILHO HOJIOMEHUs
paBHOBecUsd, | — AJMHA HUTY MASATHUKA,

Ha marepuanbHyo Touky (puc. 5.2) neficTBYIOT CUJIa HATAMKEHUA
HuTH F, ¥ cHJa TAMKeCTU mg, MOLYJbL UX pasHOAeHCTBYIONIell paBeH

|Fl=mgtg a=mg%=kx, (5.3)

rae B — xoadbdUUMeHT IPONOPINOHAJBHOCTH MEXKAY CUJION 1 cMellie-
HUEM, KOTODHII B JaHHOM CJIy4ae PaBeH

k= #’ ) ' (5.4)

1 o F1+F
mY .- -]
f.=x
me "mg
X
a) 0)
Puc. 5.1
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CpasHusasd (5.3) u (5.1), BUANM, UTO B 3TOM IpUMeEpe PABHOLEHCT-
Byl0ILladA cuja nogobHa ynpyrof, Tak Kax HPOMOPUUOHANLHA CMellle-
HUIO MaTepUaabHON TOYKM U HallpaBJIeHA K MIOJOKeHUI0 paBHOBECUS.
Taxkue cUIbl, HEYIIpYyTUe 110 NPUPOAE, HO AHANOTMHYHBIE 10 CBOMCTBAM
CUJIAM, BO3HUKAIOUIUM IIPpH MaJbiX AedopManuax yrnpyrux Tesa, Ha-
3bIBAIOT K6A3Uynpyzumu.

Ha marepuanbHble TOUKH, PACCMOTDEHHBIE B 3THX [IPUMepax, Kpo-
Me ynpyroid U KBasuyrnpyroi cujibl gedCcTByeT 1 CUJIa CONPOTUBIEHUA
(TpeHusa), MOAy1b KOTOPO 0603HAauUM F, (Ha PUCYHKAaX He [IOKAa3aHa).

JduddepeHinasbHoe ypapHeHUe, ONUCHIBAKOIIEe JBUXKeHHUE MaTe-
pUAIbHOI TOUYKH, IOJIyuaeM Ha OCHOBAHMUU BTOPOTO 3aKOoHa HbioToHA
(rpousBeJleHHe MACCHI TeJla HA ero yCKopeHHe PaBHO CyMMe BCeX jeld-
CTBYIOIIIUX CUJI):

d2
m—— =—-kx+F . (5.5)
dt? ¢

BripakeHue A1 CMeIeHUA MaTePUAJIbHOI TOUKHU, KOTOPOE I10JY-
yaeTCA U3 peuleHUA 3TOr0 ypaBHeHUS, PACCMOTPHUM A HEKOTOPLIX
YaCTHbBIX CJIy4aes.

He3aryxarimue koJed6aHusa. PaccMoTpuM mogenb, B KOTOpOH

2
npexebperaoT cunoi conporubaeuna (F, = 0). U3 (5.5) umeenm: m((ii—t“; =
= —kx. 3aMeHAA

k

1 npeobpasysa, mojayuaeM ciaeayiomiee nuddepeHuanbHOe ypaBHEeHHE
BTOPOTO MOPAAKA:
x| wgx=0. (5.7)
dt?
Ero pemienuve, B 4eM MOKHO yOeAUTLCH IOACTAHOBKOM, NMPUBOAUT K
2apmoHuveckomy kKonebanuio:

x =Acos (0yt + ¢g), (5.8)

rae wyt + ¢, = ¢ — dasa konebanwuii, ¢, — HauanbHag dasa (npu t = 0),
®, — KPYroBas 4acTora KojebaHu#, A — MX aMILTUTYAa.

Amnauryna v HauanbHasa dasa KoJehaHU ollpegesaoTesa Hauallb-
HBIMU YCJOBUSAMMU JBUKEHHU, T. €. IOJOKEHHEeM U CKOPOCTbIO MaTe-
pUajbHOM TOUKK B MOMeHT ¢ = (.

Cpeay pasjuuHbIX BUAOB KoJeOaHUI rapMOHUUYecKoe KoJeDaHue
ABaAeTca Haubosee npocToit hopmoii.

Takum o6paszom, MaTepHaJbHAA TOYKA, TOABEINIEHHAA HA NIPYKKHe
(Opy>KUHHBLIA MAATHUK) UJIN HUTH (MaTeMaTHYECKUI MaATHUK), CO-
BepIllaeT rapMoHHYecKHe KoJieDaHUA, ecd He YYUThIBATL CUJIbI CO-
MPOTUBJIEHUA.
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IlIpu npeobpaszoBanuy auddepeHLIalbHOIO ypaBHeH A rapMoHuUe-
cKoTo KosebaHMs BeJU4MHA (), Obl1a BBegeHa ¢popmanbHO [cm. (5.6)],

OAHAKO OHAa MeeT BAMKHBIU (l)MBM‘IQCKHﬁ CMbICJI, TAK KaK olpejgeJssier

o [0}
HacroTy KoJiebaHUHR v = 2—0 CHCTeMbl U IIOKAa3hbIBaeT, OT KAKHUX (I)'AI'CTO-

He
poB (I1apaMeTpoB) 3Ta YACTOTa 3aBUCUT: OT YKECTKOCTHU NPYKUHBI U
MAacchl B OJHOM IIpUMepe, JUIMHBI HUTU U YCKOPEeHUA ¢BOBOAHOIO naje-
HUA B APDYI'OM.
Ilepuon konebGanuit MmoxkeT ObITh HAWAEH U3 POPMY.IbI

7=1-21 (5.9)
\Y (!)O
Hcnonbaysa (5.6), ronydaeMm nepuod rkoaeGamuil npyruHHozo ma-
AMHUKQA

fm
T=2n i=—, (5.10)
Nk
IIOACTABAAA BMECTO k BbiparkeHue (5.4), HAXOAUM nepuod ko.ebaHuil
MAMeMAMUYOCKO20 MAAMHUKA

e

I
T=2ni-. 5.11
n«/g ( )

OueHb ynoOHO u300parkaTh rapMoOHUYEeCKUe KoJsebaHuUs ¢ I10-
MOIIbI) BEeKTOPHBLIX JUArpaMM. TOT METOA COCTOHUT B ciaeayoiieM. U3
HavaJia ocu abcuuce nposeneM seKTop A (puc.5.3), IpoeKLua KOTOpo-
ro Ha ock OX pasHa Acos ¢. Eciu sBekTop A 6yaeT paBHOMEPHO BpaIllaTh-
CA C YrJI0BOM CKOPOCTBLIO (), MPOTUB YACOBOH CTPeNKU, TO ¢ = Wyt + ¢,

rae ¢, — Ha4daJbHOe 3HaueHUe ¢, U NPoeKIua BeKTopa A Ha ock OX Oy-

JEeT U3MeHAThCA CO BpeMeHeM 110 3aKoHy (5.8). B rakom npeacrasiieHUR
aMILIUTYAa KolebaHu i ecTh MOAYJIb PABHOMEPHO BPAIAIOLIEroca BEKTO-
pa A, dasa KosebaHUN — yrosa MeXXay BeKTopoM A u ocbio OX, Hauab-
HadA (pa3a — HauaJbLHOe 3HAYEHUE ITOTO YIJa, KDYroBad yacToTa KoJeba-
HUIl — YIJIOBas CKOPOCTL BpallleHWA BEKTOpa A, CMelleHUe X KoJebo-
meiica TOUKKM — IIPOEKIUA BeKTopa A Ha och OX.

Yro6b1 HANUTH CKOPOCTH MATEePUANbLHON TOUKH MPU TapMOHUYEC-
KOM KoJieGaHUU, HY>KHO B3ATh MMPOU3BOAHYIO OT BbIpaxkenus (5.8) no

BpeMeHU:

o

A Ny, v= —‘: = —Aosin (w,t + @,) =

°. = v, sin (wyt + @g),s (5.12)

O Ac X
208
@ rge Um = 14(!)0 — MaKCHMaJibHas CKOPOCTb (aMH.HH-

Puc. 5.3 TYA&a CKOpPOCTH).
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X, v, a

v

m

Puc. 5.4 Puc. 5.5

Ha ocHosaHuY TpUroHoMeTpudecKux GopmyJ npeobpasyem (5.12):

n

2

CpasHusasa (5.13) u (5.8), sameuaem, 4TO asa cKopocTd Ha 7/2
GosbInie (pa3bl cMelIeHUA, T. €. CKOPOCTH onepexxaet 1o $ase cmeltlie-
Hue HA /2.

Mpoauddepernuuposas (5.12), naiigem yckopeHue:

- dv
dt

v=v,c05 =+ (wgt + (po)i . (5.13)

a = —Anjcos (wyt + @p) = —a,cos (vt +¢y),  (5.14)

rae a = Aw, — MAKCHMaJIbHOE yCKOpeHue (aMIIUTY1a YCKOPeHUA).
Bmecto (5.14) sanumem

a=a, cos[n + (w5t + ¢yl (5.15)

Uas cpasuenus (5.15) u (5.8) cnepyer, uto ¢asbl yCKOPEHUA U CMe-
IIeHWSA DA3JIUYAIOTCA HA 7, T. €. 3TU BeJIMUMWHBLI UBMEHAIOTCA B IPOTHU-
so(ase. 'padriku 3aBUCUMOCTH CMelI€HUA, CKOPOCTH U YCKOPEHUA OT
BpeMeHH I10Ka3aHbl Ha pUc. 5.4, a UX BEKTOPHbIe AMATDAMMbI — Ha
puc. 5.5.

3aryxawiue KojgedaHuda. B peanbHOM ciydae Ha Koaebimoiee-
CA TeJo JeHACTBYIOT CUJILI CONMPOTUBJIEHUA (TPEHUA), XapaKTep ABUKe-
HUA U3MeHAETCHA, U KoJebaHue CTAaHOBUTCA 3amyxarouwum. Ina roro
4yTOGbLI U3 ypaBHEHUA (H.5) HAHTU BpeMeHHYIO 3aBUCHUMOCTb 3aTyXalo-
1ero KoJebaHusa, Heo6X0AMMO 3HATh, OT KAKUX MMapaMeTpoB U KakK 3a-
BUCHT CHJia conpoTusieHUs. OObIUHO IpennojiaraioT, 4yTO MNpU He
O4eHb BONBLINNX AMIIJIUTYAX U YACTOTAX 3TA CUJA MPONOPUHOHANbLHA
CKOPOCTU JBUXKeHHUS U, eCTECTBEHHO, HAlPaBJeHA [POTUBOIMOJIOMKHO
ckopoctu: F, = —rv, Tae r — KoahdULuUeHT TpeHUA (CONPOTUBICHMA),
XapakTepuaywIui ceoiicTea cpeibl OKa3biBaTh COIPOTUBIEHUE.

[IpUMeHUTENLHO K OJHOMEPHOMY ABHKEeHUIO NOCaenHell (hopMmyie
OpULALUM CAeNYIOUI NI BUAL

dx

Fo=-rSE. (5.16)
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Moacrasum suipakeuue (5.16) B ypasHeHue (5.5) u noayuum:
d2x dx
m—= =—-kx—-r=. 5.17
de? dt ( )
Paapgenns obe yacTu ypaBHeHUA HA m, 3a0ulIeM €ro B CTaHAApPT-
Holt hopme:
2
de2

o
&

+ T+ Zx=0. (5.18)

2|2
RS

r
m
k

r
Ilocne samensr el 2B u P ®F nosyuaeM OKOHYATENBHYIO 3a-

nuch guddepeHNaIbHOr0 ypaBHeHUA CcBODOAHBIX KonebGaHUi ¢ yye-
TOM CHJI CONPOTUBIEHUA:
d2x dx PA _
a—t—z + 2’3— + Wy x = O, (5.19)
roe B — rosppuyuenm samyxarud; w, — Kpyrosad wacmoma cog-
CMBeHHbLX K01e6aHull cucteMsl (0e3 3aTyxXxaHUA).

Pemenne (5.19) cyliecTBeHHO 33aBHCHT OT 3HAKa PAa3HOCTU 02 =
= 0f - P2, rme ® — Kpyromas 4acToTa 3aTyxamoliux konebanuit. ITpu

w? — B2 > 0 kpyrosas yacrora ® ABJAETCA AeHCTBUTENLHON BeaUMUN-
HOIi U pemedue ypaBHeHus (5.19) Gyaer creayoonium:

x =Aye P cos (ot + ¢p). (5.20)

I'paduk sToit GyHKIUHU noka3aH HA puc. 5.6 cnuomHyo# KpuBoi 1;
WITpUX0BOH auHNeld 2 N30GpakeHo U3MeHeHe aMILTIUTY AbL:

A=+ A, (5.21)

rie 3HaueHue A, IPUBe/IeHO HA PUCYHKe.

Ilepuop saryxawimux KojnedaHuil 3apucuT 2T KoahdUMeHTa Tpe-
HUA U onpepesndercsa dopmynoi:

720 28 (5.22)

© g - B2

Ilpu ouens majnoM TpeHuu (B2 K mg) [epuoy, 3aTyxalouero kosebda-
2n
wo

BuicTpoTra y6bIBAaHUA aMILIATYAbI Kosiebauuil onpenenserca Koad-
druMeHTOM 3aTyXxaHUA: YeM cUJIbHEE TOpMO3sillee jgeiicTsre cpeabl,
TeM Oouibnie 3 1 TeM ObiCTpee yMeHbIaerca amnuanryaa. Ha npakru-
Ke, OJJHAKO, CTelleHb 3aTyXaHHs YacTO XapaKTepU3YIOT nozapugdmu-
yecKkum dexpemenmom 3amyxawus, IOHNMAA IOJ 3TUM BEeJUYHHY,
paBHYO HaTypPaJabHOMY JIOTApH@dMY OTHOIIEHUS ABYX IOCJ€L0BaTe/b-

HUA 6JIM30K K IepUoLy Hedaryxarouero cBobonHoro konebanusa: T =
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Puc. 5.6 Puc. 5.7

HbIX aMIUIMTYJ, pa3feJeHHbIX UHTEPBAJIOM BpeMeHHU, PaBHLIM IlepHu-
ony KoJsiebaHMi:

3t
Alt Age f
(t) — ln 0
A(t+T) Age B D
clenoBaTeNbHO, KOabPUIIUEeHT 3aTyXaHUA U jJorapudmMuyecKUi gekx-
peMeHT 3aTyXaHUA CBA3aHbI JOCTATOUHO IPOCTOM 3aBUCUMOCTBIO:

A=BT. (5.23)

Mpu cunbaom aatryxanuu (B2 > w?) ua dopmyas (5.22) BUAHO, UTO
nepuos KoysebaHUsa sBIsAETCA MHHMOHN BesnuuHoi. I sHKeHHe B 3TOM
caydae yKe He OyZeT epHOAMYECKUM U HA3bIBAETCA anepuodudeckum!.

Bo3Mo)KHbIe anepuojruecKyuie JBHIKEHUS I[pPEACTAaBJIeHbl B BUAE
rpadukos Ha puc. 5.7. 3TOT cayyall NpUMeHHUTENbHO K 3JIeKTpHUe-
CKUM fABJIEHUAM paccMaTpuBaeTcs B I, 14.

A =1In = In(elT).= BT;

§ 5.2. KuneTnueckas M MOTEHIHAJbHAA
9HEePruM KoJjief0aTeJJbHOTO JBHKEHU A

KuHeruueckyio sHEpPTHIO MaTePHAJbHON TOUKH, KoJsebaiomieiica
10 TAPMOHHWYECKOMY 3aKOHY, MOYXHO BbIUMCJIUTL I10 U3BeCcTHOH ¢hop-
MYJie, VCIOJIb3Yys BhIpaxkeHue (5.12):

E = %muﬁlsin2 (0t + ¢p) = 1/2 mA%wsin? (wyt + @y) =

= %IEA2 sin (gt + @). (5.24)

! BameTriM, 4TO eciu HEKOTOpas GUSHYECKAs BEIUYUHA IPUHUMAET MHU-
Mble 3HAYEHUS, TO 3TO 03HAYAET KAKYIO-TO HeOOBIYHOCTBb, 3KCTPAOPAUHAD-
HOCTb COOTBETCTBYIOILETO ABJEHUA. B paccMOTpeHHOM NpPUMepe DKCTPaopaH-
HaPHOCTb 3aKJIIOUAETCA B TOM, YTO IIPOLEcC IepecTaeT ObITh IIePUOSUYECKUM.
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Puc. 5.8

I[ToreHNHANBHYIO DHEPIHI KoJebaTeJbHOro ABUKeHHA HalgeM,
vexons uad obuiei opmysbl a8 [IOTEHIUANLHON SHepruu ynpyroi

aedopmauun E = %kzx2 4 KCIIONIb3yA BbIpaxkenue (5.8):
1, 00
E, = EkAZcosz (0t 1 @g)- (5.25)

CkyasbiBasg KMHETHUYECKYIO (5.24) U NoTeHHUAIbHY1O (5.25) aHep-
UM, I[0JydyaeM II0JIHYK MEeXaHUYeCKYl0 OJHepTUI0 MaTepHUalbHON
TOUKH, KOJebatoneica 110 rapMOHUUYECKOMY 3aKOHY:

E-E _+E, - élaeA2 sin? (ot + @g) + %kA2 cos? (gt + @g) =

ékAz [sin2 (gt + g) + cos? (gt + 9g)] = %kAZ. (5.26)

HpM OTCYTCTBHH CHJ TPEHUS [MTOJIHAA MeXaHU4YeCKasa 3HePprus CUuc-
TeéMbl HE H3MeHAEeTCSI .

E= kA= A mogA?. (5.27)

'padryecku 3aBUCUMOCTH KUHETHYECKOH, IOTEHIIAAJILHON U MOJI-
HOM MeXxanuueckob dHepruii Kojebatomeiica cucTeMbl OT BpEMEHH I10-
KaszaHbl Ha puc. 5.8.

§ 5.3. CroxkeHune rapMOHMYECKHX KOJeGaHHIA

MartepHanbHag TOUKA MOYKeT OAHOBPEMEHHO yJaCTBOBATh B HECKOJIb-
KHUX KoseDaHusax. B arom ciyuae, yrobbl HAaHTH ypaBHeHHe U TPAEKTO-
pHUIO Pe3yIbTUPYIOIEro ABHIKEHUA, CJIeAYyeT CJI0KUTL Kosebanua. Han-
GoJs1ee IPOCTO BBINOJHAETCA CJI0KeHUe rapMOHUYecKUX Kosebanuil. Pac-
CMOTpHUM /IBe TAKHe 3aJa4H.

Cnosxenne rapMOHMUYECKMX KOJIe0aHHWil, HAIpABJEHHBIX IO
OIHON MpaAMoi. ITycTh MaTepuasibHasA TOUKA OZHOBPEMEHHO YYACTBY-
eT B ABYX KoJyiebaHUAX, HPOUCXOAAIUX BAOJb OAHOH JUHUHU. AHAMU-
THYECKH TaKue KonebaHUA BIPAKAIOTCA CHEAYIOLNMMU YPABHEHUAMMU:

X, = A;cos(mg,t + @), Xy = Ayco8(Wgot + @gy)-
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HonmycTuM, 4TO 4acTOThl CKJa-
AbIBAEMBIX KO1e6AHUE OAUHAKOBDI
(O y, = (), TOTAA DPe3YJbTH-
pylolilee cMelileHue TOYKU

x  x; v x, = A cos (gt ty)+

~ A, cos (ingt + @yy). (5.28)

BbinosHKM Takoe cJIoyKeHUe ¢ M10-
MOIIBIO BeKTOPHO auarpammbl. M3o-
Opa3uM IMOJ0KeHHe BEeKTOPOB A, u

A, B HayanbHbIi MOMEHT BpeMeHH Puc. 5.9

(puc. 5.9), yrabl MeXAy 3THUMU BeK-

Topamu 4 ocbio OX paBHbI HaYaNbHbIM (PazaM caraeMbix KonebaHui
Pg1; 4 @gz- Bexrop A — aMniauTyna pe3ynbTUPYIOIIer