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PenieHsenTsr:
JIOKTOp TexHMUYeCcKHX HayK, npodeccop kadeapsr 50 wm  (u3MKH
Ky3neuos, bopuc ®énoposuu

JlokTOp (pr3HKO-MaTEMAaTHYECKNX HAYK, BEAYLIMI HAY4YHbII COTPYIHUK,
denepalibHOTO  TOCYAAPCTBEHHOTO  ONOJUKETHOTO — VUPEXKACHUS — HAYKH
HHcTuTyTa CONMMHEYHO-3¢MHON (pm3ukn Cubupckoro otaenenus Poccumiickoi
akageMuu Hayk MumvH Biiagumup Bunenosuy.

Kmubanosa, 1O. IO.

Mexanuka u MonekyysipHas ¢usuka. U.1. YueOnoe mnocobme/ 1O. HO.
Kmum6Ganosa, E. 3. Bpxxam, M. }O. By3yHoBa, UpkyTckuii rocy1apcTBEHHBIN
arpapHelii yHuBepcurer um. A. A. Exesckoro. - Mononéxueiii: HM3a-Bo
HUpl'AY, 2023. - 104 c.

YueObHoe mocoOue COAEPKUT TEOPETUUYECKOE OMUCAHUE OCHOBHBIX
NOHITHIA MEXaHUKH, MOJIEKYJIIPHON (PU3HUKH, a TAKXKE OMHUCAHUE JTAOOPATOPHBIX
paboT W BUPTYaAJbHBIX JA0OPATOPHBIX paldoT MO (PUBHMKE: MEXaHUKA W
MOJIEKYJIIpHO# (pu3uka. Kaxknas paboTa BKIIIOYAET Ha3BaHWE, LENb PabOThI,
nprOOPbI U MPUHAMIIEKHOCTH, TEOPHIO, OTIUCAHUE XO/a BBIMOJIHEHUS, PACUETA,
BBIBOJIBI M MIEPEUEHb KOHTPOJIbHBIX BOMPOCOB. OOBICHEHNE XOAA BBIOJTHEHUS
paboTBl  CONPOBOKIAETCS PUCYHKAMH JKCHEPHUMEHTAIBHBIX  YCTAHOBOK,
pacuyeTHbIMU (hOpMYyJIaMH U UTOTOBBIMH TabmunaMu. OOydaromuecs nojgyqaroT
YETKYIO MOCJIEI0BATENBHOCTD ICHCTBUI, HAMPABJICHHYIO HA TOCTHXKEHUE LIETIH.

Y4yeOHOoe mocoOME  COOTBETCTBYET HNporpaMMe Kypca  (U3UKH
HarnpasineHuil noarotosku 35.03.11 - I'mppomenuopars,  BBICIIHX
y4eOHBIX 3aBEACHUIA U OPUEHTUPOBAHO HA OCBOEHHUE 00IIENPO(PeCcCHOHATBHBIX
KOMIIETEHIUM.

[IpenHa3zHaueHO [UII  MEXKBY30BCKOTO HCIOJIB30BAHUS  CTYJIEHTAMM
OYHOIA, 3204HOIN W TUCTAaHLMOHHOW (popM 00yUEHHSL.

©Kmubanosa 1O 1O., Bpxami E. 3., Byzynosa M. 1O., 2023
O©HWpkytckuii 'AY um. A. A. Exesckoro, 2023



BBEJAEHUE

®duznka u3ydaeT oOUIME CBOWCTBA OKPYIKAKOMIET0 HAC MATEPUATIBHOTO MHUPA.
Oto (yHmameHTaTbHAsS HayKa: €€ MOHSTUS W 3aKOHBI JIEKAT B OCHOBE HE TOJIbKO
Jr0OBIX PA3/IENOB €CTECTBO3ZHAHMUS, HO M TUCLUIUIMH MTPOPECCUOHATIBHOTO IIUKIIA.

JucuunnuHa «®duzuka» sBiseTcss o0ieoOpa3oBaTeabHON JUCHUIUIMHOM, B
npolecce M3yueHWs KOTOpoi oOydwarolmuecs AOJDKHBI MPUOOPECTH 3HAHUS O
(GyHIAMEHTAIbHBIX (PU3NUYECKAX 3aKOHAX W MOPUHIMIAX, JIEKANIMX B OCHOBE
COBPEMEHHON (PU3NYECKOM KAPTHHBI MUPA;, HAUOOJIEE BAXKHBIX OTKPBITHIX B 001aCTH
($U3UKHM, OKa3aBIINX OMPEACNIIONICE BIMSIHUE HA PA3BUTUE TEXHUKU M TEXHOJIOTUH;
METOJaX HAYYHOro Mo3HaHus Npupoabl. OOyueHue (U3MKE MPEAyCMATPUBACT HE
TOJIbKO TEOPETUUECKOE U3YUECHUE PA3TUUYHBIX 3aKOHOB U SIBJICHUH, HO U TPUBJICUCHUE
oOyvaromuxcss K  BUAAM  JCATEIbHOCTH,  MO3BOJISIOUIMM  MCIOJB30BaTh
npuoOpeTeHHbIC 3HaHMUSA Ha MpakTuke. K TakuM BUAAM JAEATEIBHOCTH OTHOCUTCS
BhINMOJIHEHUE JlabopaTopHbix paboT. [lox maboparopHbiMU padoTaMu TMOHUMAKOT
TaKy OpraHu3aluio yueOHOro (Pu3MYeCKOro SKCMEPUMEHTA, MPU KOTOPOH KaXKAblit
yuanuiics padotaer ¢ npudopamMu WM yCTaHOBKAMU. BBIMOJHEHUE TaOOPATOPHBIX
paboT CcHnoCOOCTBYET YIIIyOJCHHIO 3HAHMA OOYYarIUXCs MO ONPEACICHHOMY
pazaeny (pu3MKHM, MPUOOPETEHUIO HOBBIX 3HAHUN, O3HAKOMJICHHMIO C COBPEMEHHOM
AKCMEPUMEHTATILHON TEXHUKON, PA3BUTHIO JIOTUYECKOTO MBILILJICHHUS.

Y4eOHoe mocoOue BKIOYACT TEOPHIO, a TAKXKE OMUCAHKE JTA0OPATOPHBIX PadOT
N0 MEXaHUKE M MOJIEKYJSPHON (PU3MKE, KOTOPHIE BBIMNOJHSIIOTCS C MOMOUIBIO
npuOOpHO Oa3bl, a TakKe ONUCAHUE BUPTYAJIbHBIX JIA0OPAaTOPHBIX PadoT.
«BupTyanbHblil MPaKTUKyM» BKJIHOYAET B c€0s1 KOMIUIEKTHI 1a00paTOPHBIX padboOT Ha
OCHOBE MApaMETPUUECKUX U UMUTAIIMOHHBIX MOJETEH. BupryanabHbie 1abopaTopHbie
paboThl BBINOJHIKOTCS MPU TMOMOIIM KOMIBIOTEPOB W SIBJISIOTCS HE3aMEHUMbBIM
UHCTPYMEHTOM JUIsl MOJEJIMPOBAHUS SBJACHWA M TPOLECCOB B OTCYTCTBHU
BO3MOKHOCTH WX PEAIbHOTO BOCCO3JaHUs. B 3THUX MOAENSIX €CTh BO3MOXHOCTb
MEHSATh HECKOJIbKO TUMOB MapaMeTPOB, BJIMsS Ha pe3yjbTar dKcrnepuMenTa. Kaxas
nabopaTopHas padoTa COACPKUT OMUCAHUWE, 1EIM UX MPOBEACHMS, HEOOXOIUMOE
o0opyoBaHue, TeopeTrueckue ceaeHus. OObICHEHNE XOa BHIMOIHEHUS pabOThI
COMPOBOXKIACTCS  PUCYHKAMM  DKCIEPUMEHTAIIBHBIX ~ YCTAHOBOK,  PACUETHHIMU
¢opmynamMu ¥ WUTOroBbIMM  Tabmupamu. OOyvarommecs MOAYYArT —YETKYHO
NOCJIeI0BATENbHOCTh JCHCTBUM, HAMTPABJICHHYIO HA TOCTU)KEHUE LIETH.

JlanHoe mocoOue Tmpeciaeayer 1eldb AaKTUBU3UPOBaTb U 00ECHEYUTH
CaMOCTOSITENIbHYI0 pad0Ty CTYAEHTOB, M, KPOME TOrO, OKa3aThb 3HAYUTEJbHYIO
NOMOIIlb CTYJCHTaM B BBINOJHCHUU OMNBITHOM YacTHM HEMOCPEACTBEHHO B
1abopaTopusx.



B cBoeil ocHOBe (pu3HMKa — 3KCHEpUMEHTAlIbHAS HAyKa: €€ 3aKOHbl 0a3upyroTcs Ha
(akTax, YCTAHOBJICHHBIX ONBITHBIM MNyTeM. B pe3ynprate  0000mICHUS
AKCMEPUMEHTATIBHBIX (PAKTOB YCTAHABIMBAIOTCS (PU3MUECKUE 3aKOHBI — YCTOMYMBBIE
NOBTOPSIOLIMECS OOBEKTUBHBIE 3aKOHOMEPHOCTH, CYUICCTBYIOLIME B MPUPOJE,
YCTAHABJIMBAKOIIME CBA3b MEXKIY (PU3NUECKUMU BEIMUMHAMU. Bee, 4TO MBI y 3HAJIU O
MaTEpPUaIbHOM  MHUpPE, BO3HUKIO W3 onbeita. W ro0bie  3aKmMOYeHUs |
OPEINOJIOKEHUS, KOTOPBIE MBI JE€IacM O CBOMCTBAX MaTEPHUATBHBIX OOBEKTOB, B
KOHEYHOM CYETE, TMPOBEPAIOTCS Ha oOmnbITe. OMNBIT SBISETCS OKOHYATEIBHBIM
KPUTEPUEM MPABWIBHOCTH HAIIMX TMpeAcTapincHUil. B mpomecce onbita Mbl
ONpEACTSAEM T€ WM WHbIE (PU3MYECKUE BEITUYHMHBI, HANPUMEDP CKOPOCTh WIIH
temneparypy. Takum o0pa3oM, ompenenuTh (PU3MUECKYIO BEJIMYMHY O3HAYACT
yKa3arh Crnocod e¢ m3MepeHusi. OGU3NYECKUE BEIMYMHBI SIBISIFOTCS HAOII0JAEMBIMHU.
Hampotus, eciiu Mbl TOBOPUM O KakOi-mMOO BEIMUMHE U HE MOKEM yKa3aTh CIOCOO
€€ M3MEPEHUs, TO OHA He sBIsACTCA HaOmogaeMoil. Takue BETWYHMHBI MPOCTO HE
paccMaTpuBarOTCs B (PU3UKE, HE SABIAIOTCA €€ mpeameToM. OU3nuecKue BEIMYMHBI
SBIIIFOTCS. TOCTOBEPHBIMU B TOM CMBICJIE, YTO (PU3NYECKHUI OMBIT TOJDKEH 00nanaTh
CBOMCTBOM MOBTOPSIEMOCTH. DTO 3HAYWT, YTO MPH MOBTOPEHUM OMBIT, MPOBEACHHBIMA
B PAaBHBIX YCIIOBMSX, JOJDKEH NMPUBOANTH BCAKHANA Pa3 K OJMHAKOBOMY pe3yibTary. B
JAPYTHX HAyKax 3TO HE BCETJA TAK, U YEM MEHEE BBIMIOJHAETCS 3TO TPEOOBAHUE, TEM
MEHEE H5Ta Hayka JOCTOBEpHA. DU3NYECKME BEIMUYMHBI O0JIaJal0T CBOWCTBOM
pazmepHocTH. 1o pa3MepHOCTBIO (PU3UYECKOI BENMYMHBI TOHUMAKOT COBOKYITHOCTh
napaMeTpoB, HEOOXOAMMBIX Uil €€ OompelcsieHus. JpyruMu ClIOBaMH, YKa3aTh
Pa3MEPHOCTh (PM3MYECKON BEIMYMHBI O3HAYAET YKA3aTh, KAKAE M3MEPEHUS HY>KHO
POU3BECTH, YTOOBI €€ onmpenenuTb. Camble MPOCThIE (PU3UYECKUE BETUUYAHBI — 3TO
JUIMHA, BPEMsI © Macca.

Mexnaynapoanas cucrema eaunul, CU (Le Systéme International d’Unités —
SI) — COBOKYNMHOCTh €IWHUL] (U3NYECKUX BEJIIMYMH, OCHOBHBIMHU €IWHULIAMHU
KOTOpPOW SBJISIFOTCS MeTp M KujorpamMMm. CH mosBAnack Ha CMEHY METPUYECKOM
cuctembl. Ona Obila npuHsTa B OKTA0pe 1960 roma Ha 11 reHepanbHOM
KOH(epeHIIMK TI0 MepaM U BecaMm. HekoTopele nmocienyromme KoH()EPEHIIMA BHECIIH
B CH psin n3MeHEHUH.

CHU sBnsieTcss HandoJee MUPOKO UCTOB3YEMON CUCTEMOM €IMHUI] B MUPE, KaK
B IOBCEJHCBHOM JKU3HM, TAK U B HAYKE U TEXHHUKE.

Tadonuia Nel OcHosubie eaquuanisl CHU

O0o3HaUYECHUE €TUHULIBI
HanmvenoBanue

CANHHUIIbI

Bemmunna

[MexXAyHapoHoe  pycckoe




JUnHa METP m M
Macca KHJIOTPaMM kg KT
Bpewms CEKyHJa S C
Cuna 3JIEKTPUYECKOr0 TOKA aMmriep A A
TepMoarHaMHUYeCKas

TehIZHeIf[aTypa KEJIbBUH K K
KonmmuecTBo BemecTsa MOJIb mol MOJIb
Cuna cBera KaHJIena cd KJI

JUMTENBHOE BPEMSI €MHUILBI IUIOCKOTO yIja — paguiaH M TEJIECHOro yria —
crepaauad cuutanuch B CH TOMOJHUTENBHBIMU K OCH. €IMHULAM JAJis1 0Opa3oBaHMs
npou3BOAHBIX eauHull. B 1995 pemenuem 20-it [KMB knacc QOTOJIHWUT. €IUHUIL
uckmouéH u3 CH, a paguan u crepajrad OTHECEHBI K O€3pa3MEPHBIM MPOU3BOJIHBIM
€MHULIAM, UMCIOIIAM COOCTB. HAMMEHOBAaHUSI M O0OO3HAYEHUS ISl MCIIOJIb30BAHMS
B 0003HAYECHMSIX MPOU3BOAHBIX €AMHULL, 3aBUCSIIMX OT MIOCKOrO WM TEIECHOIO Yr-
na. B kauectBe ocH. emmHuubl CH ucnonb3yercss Takke apuMeTHd. €IWHWLA
(o6o3naueHue «1») st Ge3pa3MEpPHBIX BEIMYMH M BEIWYMH, CBS3aHHBIX C YHCIIOM
00BeKTOB. B BBIpa)keHUM 3HAUCHUH O€3pa3MEPHBIX BEJIMYMH OOO3HAUYEHUE €IMHULIBI
«1» He nmumercs, HO 0003HAYCHHS JOJIbHBIX OT He€ eauHuI] — % (IPOUEHT), %o
(IpOMIJIIE) ¥ MIIH | (MHJUIMOHHAS JOJS, ppm)— HCIONBb3YIOTCS B obmeM misi CU
NOPSJIKE.

[Tpumepnl nponsBoanHblx eauHul, CH npuBeneHsl B Tadbmune 2. HekoTopbim
MpOU3BOAHBIM eauHuIaM CH TPUCBOEHBI CMEll. HAMMEHOBAHUS IS YNPOINEHHON
(OpMBI BBIPAKEHUS YacTO HCHOJIB3YEMbIX KOMOWHAIIMI OCH. €IUHMIL. TakuMu
MPOU3BOJHBIMY CJIMHUIIAMU SIBJISIFOTCS. PAJIAAH, CTEPAUAH, TEPII, HBIOTOH, MACKaJIb,
JUKOYJIb, BaTT, KYJOH, BOJIbT, (papaja, oM, CUMEHC, BeOep, Tecia, TeHpH, TPaayc
Llenbcus, TIOMEH, JIFOKC, OCKKEpENb, TPai, 3UBEPT U ycTaHoBiaeHHasd 21-it [KMB B
1999 enuHuna KaTajnuTH4Y. aKTUBHOCTH — Karai (1 kar = lc_l-Monb). Eciu Hass.
EIAVHUIIBI TPOUCXOAUT OT UMEHH COOCTBEHHOrO, TO €€ 00O3HAUCHME HAYMHAECTCS C
OPONMUCHOM OyKBBI; HaMp., amnep — A, kenbBuH — K, repu — ', kysnon — Kit. Bo Beex
OCTAJIBHBIX CiTy4Yasx 0003HAYCHHUE CAVMHUIBI HAUMHACTCS CO CTPOYHOM OYKBBI; HAMp.,
METP — M, CEKYHJIa — C, MOJIb — MOJIb. O003HAYEHUS €AMHMIL TUITYTCS C UHTEPBAJIOM
MOCJIC YMCJIOBBIX 3HAUYCHUH BEJTMYMH.

Tabnuia Ne2 TTpousBoanbie enuauiibl CHU

O6o3Hauenne
Benuunna HaunmMmenoBanue e 1mHULIBI
€ IUHUIIbI
[ Ltomane KBaJpPaTHbII METP M
O0BEM KyOMYECKHIA METP M
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CKOPOCTB METP B CEKYHAY M/C
METP Ha CEKYHAY B
Yckopenue P YHAY m/c?
KBaJpare
METP B MHHYC IEPBOMA .
BoHOBOE 4KCIIO P yenep M
CTEICHU
" KUJIOTPaMM Ha KyOUUYeCKU
[L1oTHOCTH 0OBEMHAs P Y KT/M
METP
[ [TOTHOCTB CHIIBI . 2
amIiep Ha KBaJIpaTHbIA METP A/M
PICKTPUYECKOrO TOKA
Hanps>k€HHOCTH MArHUTHOTO
amIiep Ha MEeTp A/M
oIt
MoJisipHasi KOHIICHTPaIUsI MOJIb Ha KyOWUYECKUIA METP MOJIB/M’
KUJIOTPaMM Ha KyOUUYeCKU
MaccoBast KOHIIEHTpaus P Y Kr/M’
METP
KaHJEJ1a Ha KBaIPaTHBII
SIpKOCTB a AP KM
METP
[ lokazaresnb npeioMIICHUs apuMeTHYECKas CIMHUIIA 1




1. MEXAHHUKA

Mexanuxa aBnsercs oAHAM W3 paznenoB ¢usuku. [log MexaHWkod OOBIYHO
IMOHUMAKOT KJIACCMYECKYI0 MEXAHUKY. MeXaHWKa — Hayka, U3ydarolas IBHKCHUE
TEJI ¥ IPOUCXOIALIME ITPU 3TOM B3aUMOJEHCTBHSA MEXIY HUMH.

B wyacTtHOoCTM, Kaxaoe Teao B Jit0OOW MOMEHT BpPEMEHM 3aHUMAET
OMPENIEICHHOE TOJIOXKEHUE B MPOCTPAHCTBE OTHOCHUTENBHO ApPyrux tena. Ecnu co
BPEMEHEM TEJIO MEHSET TOJOKEHUE B TMPOCTPAHCTBE, TO TOBOPAT, UTO TEJO
JIBHYKETCS, COBEPIIACT MEXaHNUECKOE ABMIKCHHE.

MexaHWueCcKUM JBUKCHUEM Ha3bIBACTCS M3MEHEHHE B3aUMHOTO TIOJIOKCHUS TET B
MPOCTPAHCTBE C TCUCHUEM BPEMEHHU.

OcHoOBHas 3aja4ya MEXaHUKH — ONPEICICHUE TMOJIOKEHUS Teaa B JIH000M
MOMEHT BpPeMEHU. J[JIsl 5TOr0 HY’KHO YMETh KPATKO W TOYHO YKa3aTh, KaK JBHXKETCS
TEJIO, KAK MPUA TOM WIM WHOM JIBUKEHWUW WU3MEHSCTCS €0 MOJIOKEHUE C TEUYCHUEM
BPEMCEHU. J[pyrMMU CIIOBAMU — HAUTH MATEMATUYECKOE ONMMUCAHWEC JBHKCHUS, T. €.
YCTAHOBUTH CSA3M MEXKAY BCIMUYMHAMH, XAPAKTEPUIYIOUIUMUA MEXAHUYECKOE
JIBUJKEHHUE.

HpI/I HN3YUCHHUHA NBMIKCHHA MATCPHAJIBHBIX TCJI UCIIOJIB3YIOT TAKHUC ITIOHATHA, KaK:

o Mamepuaivids MoYKd — TENO0, pa3MepaMu KOTOPOrOo B JAHHBIX YCJIOBHSX
JIBWKCHHST MOXKHO  TPEeHEOpeub. DOTO TOHITHE  MCHOJB3YETCS NP
NOCTYNATEIbHOM JIBH)KEHWUHM, WM KOTJAa B M3Y4acMOM JBH)KCHUM MOKHO
npeHedpedb BpalleHUEM Tella BOKPYT €ro LEHTPa Mace,

e abcomomHo meepooe mejlo — TENOo, PACCTOSHUE MEXKAY ABYMS JIIOOBIMU
TOYKaMU KOTOPOTro HE MeHseTcs. lloHATHEe NpUMEHSETCs, KOTJa MOKHO
npeHedpeus aeopmarueii tena.

e CHIOWHAS U3MEHUMAsi cpedd — TIOHITUE NPUMEHUMO, KOTJAA MOKHO
npeHeOpeyb MOJICKYJIIPHOM CTPYKTypo# Tena. Mcmonb3yeTcs npu M3y4eHUH
JBUKEHUS KUIAKOCTEH, ra3oB, 1€(HhOPMUPYEMBIX TBEPBIX TEN.

Knaccuueckas MexaHWKa OCHOBAaHA HAa NPUHLMIIE OTHOCHUTENILHOCTH ['amunes u
3akoHax HeroroHa. [Toatomy, ee elue Ha3bIBatoT — mexanuxoti Hetomona.

Mexanuka N3yvacT ABMOKCHHUC MAaTCPHAJILHBIX TCII, B3aUMOICUCTBUS MCXKOY
MaTCpruaJlbHbIMH TCJIAMU, O6I]_[I/Ie 3aKOHBI U3MCHECHHUS TIOJI0KECHUM TEJ CO BPCMCHCM,
a TaK KC IIPUYKUHBI BEI3BIBAOIINAC 3TH U3MCHCHU L.



OO1mme 3aKOHbI MEXaHUKHU MOAPA3yMEBAIOT, YTO OHU CITPABEIJINBBI MPH U3YUYECHUU
JIBWKCHHST W B3aUMOJCHCTBUS JIFOOBIX MaTePUATbHBIX TEN (KPOME 3JIEMEHTAPHBIX
YACTHIL) OT MUKPOCKOITMYECKUX Pa3MEPOB 0 0OBEKTOB ACTPOHOMHUYECKUX.

MexaHuka BKIHOYAET B ¢€0s1 CIAEAYIOIIUE Pa3IeNibl;

o KuHemamuxa (U3y4aeT FEOMETPHUECKOE CBOMCTBO ABMKCHHUS TeNl O€3 MPUYKH,
BBI3BABILUX 3TO JIBUKEHUE),

o OuHamukxa (W3yYaeT JBWKCHME TE C YYETOM MPHYMH BBI3BABIIUX 3TO
JIBUKEHUE),

o cmamuxd (U3y4acT paBHOBECUE TEN MOJ IEHCTBUEM CHIT).

CraemyeT OTMETHTh, YTO ATO HE BCE Pa3JIENibl, KOTOPbIE BXOJAT B MEXaHUKY, HO 3TO
OCHOBHBIE pa3fIeibl, KOTOPbIE M3ydaeT IIKOJibHAs mporpamma. Kpome pazaenos
YKa3aHHBIX BBIIIE CYIIECTBYET €IIE PSAA Pa3leioB Kak MMEIOIMIUX CaMOCTOSTEIBHOE
3HAUEHUE, TaK U TECHO CBS3AHHBIX MEXKAY COOOM M ¢ YKa3aHHBIMHU pa3iciiaMu.

Hanpumep:

e MECXAHMKA CIJIOIIHBIX cped  (BKIMOYaeT B ce0S  TUAPOAMHAMUKY,
QOPOJAMHAMUKY, Ta30BYI0 JOUHAMHMKY, TEOPUIO  YOPYTOCTH, TEOPHIO
NJIACTUYHOCTH ),

e KBAHTOBAas MEXAHUKA,
¢ MEXAHMKA MAIMH U MEXAHU3MOB;
o TEOpHS KOJICOAHWIA;

o MEXaHHUKa NEPEMEHHON Macc,

e TEOpHs ylapa;

o W Jp.

[TosiBJICHME MOTOMHUTEIBHBIX PA3/IEOB CBSI3aHO KAaK C BBIXOJOM 3a TPAHMIIBI
MPUMEHUMOCTH KJIACCUUYECKOM MeXaHWKM (KBAaHTOBAs MEXAHWKA), TaK U C JCTATbHBIM
U3yYCHHUEM SIBJICHUN MPOMCXOMSANINX MPU B3aUMOJCHCTBUM TEN (HAPUMED, TEOPHs
yOPYrOCTH, TEOPHUS yaapa).

HO, HCCMOTPA Ha OTO, KIIACCHYCCKaA MCXaHHMKa HC TCPACT CBOCIO 3HAYCHMA.
Ona sBige€TCS AOCTATOYHOM 1JIs ONMMCaHMsS B IMUPOKOM JHAaIIa30HC Ha6J'IIOI[aeMBIX



SBJICHUA 0€3 HEeoOXOaMMOCTH oOpamiarhCsl K crnenuagbHbiM TeopusM. C apyroit
CTOPOHBI OHA MPOCTa [Tl MOHUMAaHMS U co3AaeT 0a3y il IPYruX TCOPHi.

Mexanuka umeeT OOJbIIOEe 3HAUEHWE JUii MHOTUX pa3ieiioB acTPOHOMUM,
0COOCHHO ISl HEOECHON MEXaHWKHM (II€ M3YYaroTCs JBHXKCHUS IJIAHET, 3BE3/ U T.
).

Oco0o€e 3HaueHHE MEXaHMKAa WMEET Ui TEXHUKUW. B TruapoauHaMuKe,
AOPOAMHAMUKE, NTWHAMHUKE MAIIUH W MEXAHW3MOB, TEOPHUHA IABWKEHUS HA3E€MHBIX,
BO3AYIIHBIX W TPAHCIOPTHBIX CPEACTB HMCIOJB3YIOT YPaBHEHUS W METOJBI
TEOPETUIECKON MEXAHUKH.

1.1 OcHOBBI KHHEMATHKH

Jroboe (uzmyeckoe SBICHUE TMPEACTABISET COOOH MOCIEA0BATEILHOCTh
coObITHiA. J{n1s1 onmcanust JIF0O0T0 COOBITUSL HEOOXOAMMO UMETh CUCINEMY OmMCcYemd.

Cucrema xoopauHar X, Y, Z, Teno orcuera (MarepralibHasi TOUKA), C KOTOPBIM
OHa CBsI3aHA, W 4Yachl JUIsl M3MEPEHHMS BPEMEHM OOPa3ylOT CUCTEMY OTCUETA,
OTHOCHUTEJIBHO KOTOPOH PacCMaTpuBaETCs ABMIKEHHUE TENA.

Tenom omcyema HA3BIBAKOT TEJO, MO OTHOIICHHUIO K KOTOPOMY PAacCMaTPUBAIOT
U3MCHCHHE MOJIOKEHUS IPYTUX TE B TPOCTPAHCTBE.

C TenoM oTcYeTa CBA3BIBAETCS CHCTEMA KOOPAMHAT, KOTOpas MpeaCTaBisIeT
co06oit Touky oTcuera. J{st onpeaeneHus MOJOXKEHUS TeNa B MPOCTPAHCTBE B JHOOOM
MOMEHT BPEMEHU HEOOXOAMMO 3a/1aTh HAYAJIO OTCUETA BPEMEHHU.

[Ipn penieHuM KaxAOW KOHKPETHOW 3a7auyd BBHIOMPAOT YAOOHYHO CUCTEMY
oTcueTa M yAOOHYK CHCTEMY KOOPJMHAT, a 4achl (MACAJIbHBIE) B KKIOU cuCcTEME
OTCYETA HY>KHBI I OJHU. OJTHAKO, TEJIO OTCUETA, HAYAJIO OTCUYETA U HAITPABJICHUS
KOOPJMHATHBIX OCEH BEIOMPAFOTCS MPOU3BOJIBHO.

B omimune oT reoMerpuM, paccMmarpuBas (U3WYECKUE SIBJIICHUS, TPU
MPOU3BOJIBHOM MOCTPOCHUM KOOPAMHATHOW CUCTEMBI HESIBHO MOJPA3yMEBAKOTCS J1BA
BAYKHBIX CBOKMCTBA MPOCTPAHCTBA B BAKYYME. OJJHOPOJAHOCTh W U30TPOIMHOCTb.

OoHopooHocms — 3TO TOKACCTBEHHOCTh BCEX TOUEK MPOCTPAHCTBA. JTO OYEHD
CYLIECTBEHHOE CBOMCTBO, KOTOPOE TMO3BOJISIET TMOJIB30BATHCS (PU3MKOH. 3aKOHBI
(U3MKKM OAVHAKOBHI B Pa3HbIX TOYKAX 3eMJiM, Kak U B mpeaenax CoJIHEUHOM
CUCTEMBI, YTO M MO3BOJIIECT MOMEIIATh HAYAJIO OTCYETA B JIFOOYIO YAOOHYIO TOUKY.
[ToBopaunBasi KOOPAWMHATHYIO CHCTEMY BOKPYI Hadajga MOAPA3yMEBACTCS, YTO OT
ATOr0 HUYETO HE MOXKET MU3MEHUTHCS. HO 3TO 0O3HAYAET, 4TO BCE HAMPABJICHMS,
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UIyIIUE OT JAHHOW TOYKH, TOXKIECCTBEHHBI IO CBOMM CBOHCTBAM. OTO WU €CTh
U30MpONHOCHb TPOCTPAHCTBA.

Buael cuctem orcuyera MOryT ObITh PA3IMYHBL. HEMOJBHKHAS, TMOIABH>KHAS,
WHEPLHAIbHAS, HEMHEpUUaIbHasd. CHUCTEMY OTCUYETA MOKHO BBIOPATH MPOU3BOJIBHO.
[Ipn KMHEMATHMYECKUX WCCICAOBAHUS BCE CUCTEMBI OTCUETA PABHOMNPABHBI, A B
3aa4ax AMHAMUKH yI0OHEE BCErO MHEPUMAIBHBIE CHCTEMbI OTCUETA, TAK KaK B HUX
XapaKTEPUCTUKU JBH)KCHUSI UMEIOT O0JIee MPOCTOM BHI.

Ilonsarue «MarcpualibHasd TO4YKa» BBOAWUTCA JId OIIMCAHMA C IIOMOINBIO
MAaTeMaTHYCCKHUX (1)OpMy.]'I MCXaHMYICCKOI'O ABMOKCHHA TCJI, IMOCKOJIbKY OIIMCHIBATH
ABWKCHUC TOYKH IIPOLIC, YCM PCAJILHOTO TCJId, YaCTHIBI KOTOPOI'O, K TOMY JKC MOI'YT
ABUTI'aTbCA ¢ Pa3HbIMHA CKOPOCTAMMU.

PeanbHble OBHIKEHMS TEJH JIOBOJIBHO C/I0OJKHBI, M M3y4asd HX BO3HHKACT
HGO6XOI[I/IMOCTB OTBJICULCA OT HCCYIICCTBCHHLIX IJIA AAHHOI'O ABHMOKCHUA JICTAJICH. C
3TOM  LENIBIO HCIIOJIB3YIOT HCKOTOPLIC  IMOHATHA, MNTPHUMCHHMOCTL KOTOPLIX
OpCaACACTCA N3y4aCMbIM ABHIKCHHUCM.

3aMEHUB TENO MATEPUATIBHON TOYKOW, €i MPUIMCBIBAKOT MACCy 3TOr0 TENa,
npeHedperas €ro pasMepaMy, a BMECTE C 3THM M Pa3IMUYMEM XapaKTEPHCTUK
JBWKEHUS €TI0 TOYEK.

Jroboe Teno MOKHO NPEACTAaBUTh B BUAC MATCPUATBHONH TOYKH, €CIIH
PacCTOsIHMS, IPOXOAUMBIE TEJIOM, OYEHB BEIMKH IO CPABHEHMIO C €TI0 Pa3MEPaMHU.

Teno, pasmepaMu KOTOPOTO B JAHHBIX YCIOBUAX JBW)KCHHS MOXKHO
npeHedpeyb, HA3bIBAKOT Mamepudivholi mouxoi. CIoBa «B JAHHBIX YCIOBHIX)
O3HAYarOT, YTO MPHU OAHUX JABHKECHUSAX TEIO MOKHO CUMTATh MATEPHUAIILHON TOUYKOM,
a mpu Apyrux — HET. Hanpumep, TIaHeTsl NPU M3YYEHWUM UX JBWOKEHUS BOKPYT
ConHua CYMTArOTCA MAaTepruaIbHbBIMA TOUKamMu. OHAKO, pelas 3a1a4u, CBA3aHHbBIE C
CYTOYHBIM BPAILCHUEM IUIAHET, CUMTATh IUIAHETHI MATCPUATBHBIMU TOYKAMH YK
HEJIB3.

HpI/I oCTynarCjibHOM ABMZKCHHH TCJIA, JAXKC CCJIN CT'0 PasMCpPbl COITIOCTABUMbI
C PaCcCTOAHHUCM, KOTOPOC OHO HPOXOAMUT, TCIO MOXKHO pacCMarpuBaTb B Ka4UCCTBC
MaTepHaHBHOﬁ TOYKH, IIOCKOJIBKY BCC CI'0O TOYKH ABHIKYTCA OAMHAKOBO.

Maccoii mena Ha3bBaeTCs (PU3MUECKas BEIMYMHA, XaPAKTEPHU3YIOMIAs €ro
WHEPLIMOHHBIC U TPABUTALIMOHHBIE CBOMCTBA.

HMHepuroHHBIE CBOWCTBA MAacChl B HBIOTOHOBOM MeXaHWKe (T. €. MpHU
CKOPOCTSIX, CYIIECTBEHHO  MEHBIIAX CKOPOCTHM  CBETa)  XapPaKTEPU3YIOTCS
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BO3HUKAET KAK MPH HEMOCPEACTBEHHOM KOHTAKTE B3aUMOJICHCTBYIOIIUX TEN (TPEHUE,
peakiius Onophbl, BEC U T.J.), TAK U MOCPEACTBOM CUIJIOBOTO MOJIsl, CYLIECTBYIOIIETO B
OPOCTPAHCTBE (CHJIA TSDKECTH, KYJOHOBCKME CHJIbI M T.J.). Culla XapakTepusyercs
MOJTyJIEM, HAMIPABJICHUEM M TOUKOM MPUIIOKEHHUS.

Cuna mpernuys  BO3ZHHUKACT I1IPpA  HCIMOCPCACTBCHHOM COIPUKOCHOBCHHMH TCII,
NpenATCTBYyd HMX OTHOCHUTCIIBHOMY JIBHMJKCHHMIO, MW BCCraa HallpaBJICHA BAOJIb
IOBCPXHOCTH COIIPUKOCHOBCHUA.

Cusibl TPEHHSI MUMEKT JJICKTPOMArHUTHYIO TPUPOY, KAK W CHJIBI YIPYTOCTH.
TpeHne MexIy NOBEPXHOCTSAMU [BYX TBEPABIX TEJI HA3bIBAIOT CYXHUM TPEHUEM.
TpeHue MeXIy TBEPABIM TEJIOM W >KMJIKOW WM ra3o00pa3Hoil cpefoi Ha3bIBaKOT
BSI3KAM TPEHHUEM.

Paznuyaror TPCHUC ITOKOA, TPCHUC CKOJILKCHUSA U TPCHUA KaUCHUWA.

Tpenue noxosi — BOBHUKAECT HE TOJIBKO MPH CKOJIBKEHUU OJHOM MOBEPXHOCTH IO
JIPYTOW, HO W NPU MOMNBITKAX BBI3BATH 3TO CKOJIbKEHUE. TPEHHUE MOKOs YACP)KABACT
OT COCKaIb3bIBAHWS HAXOIALIMECS HA ABWKYILEHCS JICHTE TPAHCIOPTEPA TPY3bI,
YAEPKUBAECT BOUTHIE B JOCKY I'BO3AM U T. 1.

Cuioil TpeHus TOKOsS Ha3bIBAKOT CUIY, NPENATCTBYOLIYK) BO3HMKHOBEHUIO
JBVDKEHUSL OJHOIO TENa OTHOCUTENBHO APYroro, BCETAA HANPABICHHYI) IPOTHB
CWJIBI, MPWIOKEHHON W3BHE MAPAIENBHO TMOBEPXHOCTH CONPUKOCHOBEHHSI,
CTPEMSILLICHCS CABUHYTH PEAMET C MECTA.

UeM Oonbllie cujia, CTPEMAINAsACS CABUHYThH TEJIO ¢ MECTa, TeM OOJbIle CHja
TpeHuss Tokos. OmHako, A JHOOBIX ABYX COTMPUKACAIOIMIUXCS TEJI OHA HMEET
HEKOTOPOE MAaKCHUMAIBHOE 3HAYCHUC (1,4 )max, OOJNBIIE KOTOPOrO OHA OBITH HE
MOJKET, M KOTOPast HE 3aBUCUT OT TUIOMIAIA COTIPUKOCHOBEHUS MTOBEPXHOCTEH:

(Fmp.n.)max - Il’ln]\])

rae i, — Ko3pPuuueHT TpeHus nokos, N — CHla peakliiy OMOPBHI.

MakcuMajpHasi CHia TPEHHUs TIOKOS 3aBUCUT OT MAaTE€PHAIIOB TENl M OT KaueCcTBa
00pabOTKM CONMPUKACAIOIIMXCS MOBEPXHOCTEH.
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Tpenue  cxkonvoicenus.  1IpunokuM K Telny  CWIy,  IPEBBILAIOMIYIO
MAaKCUMAJIBHYIO CHJIy TPEHUS IMOKOSl — TEIO CABHHETCS C MECTA M HAYHET JIBUTATHCH.
TpeHue MoKOost CMEHUTCS TPEHUEM CKOJIB)KEHHUS.

Cuna TPCHHUA CKOJIBKCHHA TAKKC IIPOIOpHUMOHATIbHA CHIIC HOPMAJIBHOI'O
AABJICHUA U CUJIC PCAKIHUK OIIOPHI.

Fop = uN.

Tpenue xauenus. ECIA TEIO HE CKOJB3UT MO MOBEPXHOCTU APYroro Tena, a,
NoJA00HO KOJIECY, KATUTCS, TO TPEHHE, BO3HUKAIOUIEE B MECT€ HMX KOHTAaKTa,
HA3bIBAIOT TPEHUEM KaueHUus. Korga Koneco KaTuTes MO IMOJIOTHY JOPOTH, OHO BCE
BpEMS BJABIMBACTCS B HErO, MO3TOMY MEPEJ] HUM MOCTOSIHHO OKa3bIBAETCS OYyrOpoOK,
KOTOPBIX HEOOXOIMMO MPEOAOJETh. DTUM U OOYCJIOBICHO TPEHUE KaueHUs. TpeHue
KQYEHUs TEM MEHBIIIE, YEM TBEPKE A0pOra.

Cuna TPCHUA KQYCHHUS TAKIKC ITPOIIOPHHUOHAIbHA CHIIC PCAKIIMK OIIOPLI:

Fmp.Kall - lLlKall]\])

TIE Uigy — KOOQOUIMEHT TPEHHS KAUCHUS.

[TOCKONBKY fyqy << M, TIPU OJIMHAKOBBIX HATrPy3Kax CWJIa TPECHUS KAYCHHS
HAMHOTO MEHBIIE CHJTBI TPCHUS CKOJIbXKCHUS.

[TppurHaMyd BO3HMKHOBEHMS CHJIBI TPEHHUS SBJSIFOTCS  IIEPOXOBATOCTH
MOBEPXHOCTEH COMPUKACAIOIINXCS TENT U MEKMOJIEKYJISIPHOES TPUTSKEHUE B MECTaX
KOHTaKTa TPYIIMXCS Te1. B mepBoM cllydae MOBEPXHOCTH, KKYIIHUECS TIaAKMMH, Ha
caMOM JIeJie MMEIOT MHUKPOCKOMMYECKUE HEPOBHOCTH, KOTOPBIC MPH CKOJbKCHHUU
3alCTUIAIOTCS APYT 3a APyra U MEIMIalT ABWKEHUI0. BO BTOPOM Cllydae MPUTSKCHHUE
MPOSIBIIAETCS AAKE MPU XOPOIIO OTIOJIMPOBAHHBIX MTOBEPXHOCTSX.

Cuna msocecmu F' = mg , Tie m - Macca Tela, g - YCKOPEHUE CUITBI TSHKECTH.
3aMeTuM, 4TO BeC Tena P - 3TO CWila, ¢ KOTOPOH TENOo ACHCTBYET HA OMOPY WM
nojasec P = m (g — a), Tie a - yCKOpeHue Tena (M Omopsl) OTHOCUTENBHO 3emin. Ecnu
a = g, TO BEC TeJla paBeH HyJIO P = () (COCTOSIHME HEBECOMOCTH ).
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1.3. /{uHAMHYECKHE XapaKTePUCTHKHU BPAIATEIbHOIO ABHKeHusi. MoMeHT
cuiibl. MoMeHT uMIyJibca. MOMEHT HHepUHH

[Ipy mnocTynareabHOM JBW)KCHHMM CHCTEMBI BCE €€ TOYKH MPOXOJIAT
OJIMHAKOBBIC MYTH, UMEIOT B JAHHBIH MOMEHT BPEMEHW OJIMHAKOBBIC CKOPOCTH W
yckopeHnusi. [Ipu BpamaTeibHOM ABUKEHHUST TBEPAOIO TENA BCE AT XAPAKTCPUCTUKH
pa3aMYHbl Ui Pa3HbIX TOYEK BPALIAOLIErOCS TeEja, MOATOMY W MaTeMaTH4ecKas
dopma 2-ro 3akoHa HerootoHa Oyaer wuHOW. [Ipm BpamiaTeNbHOM JIBU>KCHUU
CYIIECTBEHHO M3MEHSIOTCS CaMU TOHSTHS MPUYMHBI, BBI3BIBAIOIICH BpallEHUE, W
BEJIMUYUHBI, ONPEIECISIOMENR HHEPTHOCTH TENA.

[Ipy mocTymareabHOM JABWKEHMM JUHAMUYECKUMM  XapaKTEPUCTUKAMU
SBJISIIOTCSL CWJIa, Macca, ummysibe. [Ipu BpalaTeibHOM ABUKEHUM AUHAMUYECKUMMU
XaPaKTEPUCTUKAMHU SIBJISIFOTCS MOMEHT CHJIbI, MOMEHT MHEPIIMM, MOMEHT MMITYJIbCA.
OTH XapakTEepUCTHKM MOKHO pPaccMaTpuBaTh OTHOCUTEIbHO TOYKM BpaUICHUS
(moJyitoca) ¥ OTHOCUTETBHO OCH BpallieHUs. B nanbHeliiem Oyaem paccMarpuBarh
T  XapaKTePUCTUKU  OTHOCUTENLHO OcH  BpameHus.  Omnpenenum  3TH
XaPaKTEPUCTHKH.

Momenmom cunvr [© OTHOCUTENIBHO OCH BpAILCHUS HA3bIBAECTCS BEKTOD M,
PaBHBII BEKTOPHOMY MPOU3BEACHUIO PAIuyC-BEKTOPA HA BEKTOP CWiIbl M = [ r- F)[ n
HaIpaBJICHHBIM 10 OCH BPAILEHHWS B CTOPOHY, ONPEACIAEMYIO N0 MPABUITY MPABOro
OypaBurka Moaynb BEKTOpa MOMEHTA CWJIBI PaBeH M = F'r-sina, TAE o - yTOJI MEXKIY
BEKTOpamu 7 " /.

Momenmom umnyivca MATEPUATBHOW TOYKWM OTHOCUTEIBLHO OCH BpalllCHUS
HA3bIBACTCA BEKTOP [, PaBHBIA BEKTOPHOMY IMPOM3BEACHUIO PAIMyCa-BEKTOpa F Ha
BEKTOp mmnyieca P: [ = [ rP] = [ r mv/, TAe m, v - COOTBETCTBEHHO Macca "
BEKTOP CKOPOCTH TOYKM. HampapiieHwe [ Onpenensercss Mo NPaBWIy MPABOTO
OypaBuuka. Moayib BekTopa L. = mv- r- sina, TAE o - yrojl MEXAY BEKTOPAMH 7' U V.

Momenmom unepyuu MaTEpPUAIBHON TOYKM OTHOCHUTEIBHO OCH BPAILLCHHUS
HA3bIBACTCS (PM3MYECKAS BEIMYMHA, YACIECHHO PaBHAs MPOM3BEACHUIO MACChl TOUKH
Ha KBAQJAPaT PaCCTOSHUS TOYKH 0 OCH BPALLCHUS.

I =mr
MOMEHT UHEPLMH - BETUYMHA CKATSIPHAS.

MomeHTOM HHCPIHUHN MEXAHUYECKOM CUCTEMBI OTHOCHUTEJILHO HEMOABUXKHOM
OCH HAa3bIBACTCA (1)I/IBI/II'IGCKa$I BCJIMYMHA, paBHasd CyMMC HpOI/I?)BeI[eHI/Iﬁ MacCC BCCX
TOUYCK CUCTCMbBI HA KBApaThl X paCCTOHHI/Iﬁ A0 OCH BpalllCHMS.
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Jlns TBepaoro Tena, pa3OMTOTO Ha 3JEMEHTApHBIE MacChl A #1;, MOMEHT
WHEPLUKA OTHOCUTENIBHO OCH PaBEH
N
=1

: 2
[=i Am,-~r,-.

MOMEHTBI MHEPLMH TeJl MPAaBUJIBHOW T€OMETPUUYECKOH (POPMBI MOTYT OBIThH
JIETKO BBIYMCIIEHBI.

Jlnia  pacyera MOMEHTOB WHEPLMM BpAILAKOLIUMXCA TEN BOKPYI OCH, HE
MPOXOJALLEN YepeE3 LIEHTP MACC TeJla, MOYKHO UCIIONB30BaTh meopemy [Lmetinepa.

Teopema LlImeitinepa: MOMEHT UHEPLMU TENA OTHOCHUTEIILHO MPOU3BOJIBHON Oocl AA'
paBE€H CyMME MOMEHTA MHEPLUMHU TeJIa OTHOCUTENBHO ocu OO', mpoxoasiien yepes
LIEHTP MAcCC TeJIa U MApAJUIENbHON TaHHOH och AA', U IPOU3BEICHUS MACCHI TENA KaK
LENOro Ha KBaapat pacctosinus d Mexxay ocamu AA' u OO'

1.4. OcHOBHOC YpaBHEHNE JHHAMHUKH BPAIIATE/ILHOTO IBUKCHHUS

B pasmene "Kunemaruka' 1nipu  pacCMOTPEHHMHM  IOCTYIATEIBHOTO H
BPAIATEIBHOIO ABMKCHUM MBI MMOKA3aJId, YTO KMHEMATUUYECKUE YPaBHEHHS 000MX
JBDKEHUHA WMMEKT OJMHAKOBBIA BUJ, HO MNPU NOCTYNATEIBHOM JBW)KEHWU MBI
UCMOJIb3YEM JIMHEHWHBIC XAPAKTEPUCTUKHA (MYTh, CKOPOCTb, YCKOPEHHME), a NpHU
BpAIIATEIbHOM - YIJIOBBIE XApPAKTEPUCTUKH (YITIOBOE TMEPEMELICHHUE, YITIOBYIO
CKOPOCTB, YIJIOBOE YCKOpeHue). Mcmomp3yeM 3Ty aHaloOrui W B AuHamMuke. llpn
MOCTYIATENILHOM JABWM>KEHUM YPABHEHHE BTOPOTO 3aKOHA HRFOTOHA MMEET BUT

dP/dt = F.
JJis BpalaTeabHOro ABMXKeHUS: d/dt = M.

910 YPaBHCHHUC HA3LIBACTCA YPABHCHUCM MOMCHTOB HWJIM OCHOBHBIM 3aKOHOM
BpamarCJIibHOI0  ABHMOKCHUA. Bun ypaBHCHHUA HC HU3MCHHUTCA M JId CHUCTCMbI
MaTCpHaJIbHBIX TOYCK M IJId BpaAllCHUA TBCPAOIro TCJa, TOJIBKO L OIPCACIIACTCA KaK
MOMCHT HUMIIVJIbCA OJId CUCTCMBI TOYCK.

Eme omuH BHI ypaBHEHHMs BTOpPOro 3akoHa HbBOTOHA Ui BpallareibHOro
JBWKEHUS UMEET BU!

M- dt =dlL,
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rJic BeauunHa M- dt Ha3bIBaE€TCAd UMIYJILC MOMEHTA CUJI, a dl. - I3BMEHEHHE MOMEHTA
MMITYJIECA CUCTEMBL.

1.5 3akoH coxpaHeHHsI MOMEHTA UMILYJ/IbCA

OOpartuMcsl K YPaBHCHHIO MOMEHTOB dl/ dt = M, tne M - riaaBHBIA BEKTOP
MOMEHTA BHEUTHUX CHJI.

Ecmu M =0, To u L = const.

Ecnu oTtHOCUTENBHO HEKOTOPO TOUkM O BBIOPAHHOW CHCTEMBI OTCHETa
MOMEHT BCEX CHUJI, ACUCTBYIOIIMX HA CUCTEMY MATEPUATIbHBIX TOUYEK, PABEH HYJIIO, TO
OTHOCUTEIBHO 3TOM TOYKH BEKTOP MOMEHTA MMITYJIbCA CUCTEMBbI HE M3MEHSETCS C
TEYCHHEM BPEMEHM (3aKOH COXPAHEHHSI MOMEHTA UMITYJIbCA OTHOCUTEIILHO MOJTEOCA).

[Tpumepsl.

a) UenoBek CTOMT Ha CckaMbe JKYyKOBCKOTO, MPEACTABJISIOMIEH MACCHUBHBIN, JHCK,
KOTOPBI MOKET BpallaTbCd BOKPYT OCH, NPOXOJAIIEH 4YEPE3 €ro UEHTP, C
MPEHEOPEXKUMO MAJIBIM TPEHUEM. MOMEHT UMITYJIbCAa CUCTEMBI "U4ENOBEK - JUCK"
paBeH Hyi0. YenoBek HAUMHACT MATH BAOIAL 000Ja JucKa. J[MCK HauyuHAeT
BpalaThCsl B 00paTHYIO X0y YEJIOBEKA CTOPOHY.

0) OUrypUCT BBIMOJHSAET "BOJUYOK'", €r0 PYKH PACKUHYTHI B CTOPOHBI, €M0 MOMEHT
WHEPLUU OTHOCUTEIBHO BEPTUKAJIBHOM OCH BpalleHHs [;, yrimoBas CKOPOCTb .
3areM OH PE3KO MPHKUMAET PYKU K TPYAH, €0 MOMEHT WHEPLMHU YMEHBIIACTCSA W
CTAHOBUTCA [, a yrioBas CKOPOCTb (); yBENMYMBACTCA. [Ipr 3TOM BBINOIHSAETCA
3aKOH COXPAHEHUsI MOMEHTA UMITYJIbCA OTHOCUTEIBHO BEPTUKAIBHOW HETIOABMYKHOM
OCH, MPOXOASAIICH Yepe3 TMHUIO CHMMETPUH Tena gurypucta [+ ©; = I m;.

1.6 PaGoTa u mexann4veckas Heprusi. MOIHOCTH

PaGota moctossHHOW W nepeMeHHO cuibl. MomHocTh. [loTeHnmanbHbIe
(KOHCEPBATUBHBIE) U HEMOTECHIIUATLHBIE CHJIBI

B ¢usuke pabota HEPA3PBIBHO CBsI3aHA C M3MECHECHUEM COCTOSHUS TeNla WU
CUCTEMBI. ITO U3MEHEHUE MOXKET BhIPAXKATHCS CAMBIM Pa3IMUHBIM 00pa3oM: a) TEJo
NpUOOPETAET APYTYIO CKOPOCTh, O) TENO MOAHUMAETCS HA APYTrod YPOBEHb, B) TEJIO
ne(pOpMUPYETCS, T) TENO 3apsbKacTes, A) Tela HaMarHuuuMBaeTcs U T.1. COCTOSIHHE
MEXaHUYECKON CUCTEMBI (WM TeNla) XapaKTEPU3yeTCs OJHOBPEMEHHBIM 3aJaHUEM
KOOPAMHAT U CKOPOCTEH BCEX TOUEK CUCTEMbI (WJIM TEJa) U MOXET U3MEHSTHCS B
npolecce ABUKEHMUS.
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[Ipouecc U3MEHEHUS XapakTepa ABMKEHUS TeJIa TPOUCXOAUT MPU €10 CUIIOBOM
B3aUMOJICHCTBUUA C JIPYTUMHUA TeJlaMu. J{is KOJMYECTBEHHOIO OIMMCAHUs TpolLecca
BBOJISIT MTOHSATHUS CUJIBI U PAOOTHI, COBEPIIACMON CUIION.

Ecnu Ha Teno aeicTByeT MOCTOSHHAA CUiia [+, W 3TO MPUBOIUT K MEPEMEIIEHUIO A 7
Teaa, TO dSJEMEHTapHOW PadoTo A4 MOCTOSHHOW CHUJIbI HA3bIBACTCS CKAISPHOE
MIPOU3BEACHUE BEKTOPA CUIIBL /' M BEKTOPA epeMereHus Ar:

AA = (F-Ar) = Y2 F1 %A i cos a,

I d - YTOJI MEXAY HAPaBJICHUSIMU BEKTOPOB CUJIbI [ 1 iepemetienus Ar, ((F- Ar) —
CKaJIIPHOE NMPOU3BEICHUE JIBYX BEKTOPOB

Onepeus. Hanbonee oOIIMM ONPEACTICHUEM TIOHATHS SHEPTUM MOXHO CUMTATh TO,
KOTOPOE CBSI3aHO C MOHITHEM COCTOSIHHSI CHCTEMbI (WM Tena). DHEPrusl BCEraa
ABIIIETCA (PYHKUMEH COCTOSIHHMSI CHCTEMBI (Tena). B 11ro0oM COCTOSHMM cucTema
UMEET OMNPEACIEHHOE 3HAUYECHUE SHEPTrUM M MOKET COXPAHATH 3TO COCTOSIHUE, a
3HAYUT W SHEPTUIO 3TOr0 COCTOSHUSA, CKOJIb YTOJHO A0AT0. [l mepexoaa CUCTEMBI
(Tena) B IPyroe COCTOSTHUE OJKHA ObITh COBEPIIECHA padoTa.

duznyeckas BEIMYMHA, XAPAKTEPU3YIOWAs COCOOHOCTh TEJIA WM CHCTEMBI
TEJ COBEPIINTD PA0OTY, HA3BIBACTCS HEPLUCH.

CocTOosIHUE CUCTEMBI (TEa) MOKET MEHATHCS B MPOLECCE ABHKEHUI. DOpMBI
JOBWKCHHUWA B MPUPOJE pa3ivyHbl. I KOJMYECTBEHHOTO CPABHEHUS Pa3HBIX (PopM
JOBWKCHUNA W CIYXKUT NOHITHE 3HEPrur. [103TOMYy MOKHO 1aTh IPYroe ONnpencicHue
JUTS SHEPTHM.

OHepruci Has3blBacTCs (pU3MYECKas BENMYMHA, SBJIStOMAscs oOwmeill mepoi
pa3nuuUHBIX (OPM ABMKCHUSI MATEPUU.

Paznuuarot BU/JIBI SHEPIrun MEXAHUYECKYIO, BHYTPEHHIOKO,
BNEKTPOMArHUTHY 0, XUMUYECKYHO, IACPHYIO U T. .

MexaHuueckas SHEPrust MOXKET ObITh OOYCJIOBJIEHA WJIM JBHXKEHUEM Tella C
HEKOTOPOH CKOPOCTHIO (KMHETHUYECKAsI SHEPTUS ), MJIM PACIIOIOKEHUEM JAHHOTO Tella
B CUCTEME JIPYTHX TEJl OMPEACIICHHOM KOH(UTYpauun (MOTCHIMATIbHAS SHEPTHS )

Wmex. - WKMH. Jr Wnom.-
Kunernueckas sHeprus

Kunemuuecxoii 3Hep2ueﬁ TCJ1a HA3bIBACTCA OHCPIuA CIro MCXaHM14CCKOTIO ABMIKCHUA.
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HU3MeHeHne KUHETUYECKON SHEPruM Tejaa Mo ICHCTBUEM CHJIBI PABHO pabOTE ATOM
CUJIBL.

dusnueckas BeJIMUNHA

Ha3bIBACTCA KHHETUYECKOM SHEPIUEN, a BEIIMUMHA

2 2
_mv,”  my,

AW,
2 2

>

paBHasi Pa3HOCTH KMHETHYECKUX SHEPIHid KOHEYHOTO COCTOSIHUS CUCTEMBI (MHIEKC 2)
¥ HAYaJIbHOTO COCTOSHUS (MHACKC 1), HA3bIBAETCS NPHUPALIAHAEM KUHETHUYECKOM
SHEPIHH.

Ecniu Ha Teno NEMCTBYIOT HECKOAbKO CWII, M KaKJas M3 HUX COBEPIIACT
padoTy, U B pe3yJbTaTe 3TOr0 MEHSETCS KUHETHYECKas SHEPrHs Tena, TO TMOHas
paboTa paBHa anreOpanyeckoil cymme pabOT BCEX CHJI, ACUCTBYIOMIMX Ha TEIO.
DHeprus Tejia MEHSIETCS 3a CUET COBEPIICHUS paOOThI.

Htak, cBs3b pabOThl M KUHETUYECKOM SHEPriuK 3a1a€TCsl COOTHOUICHUEM::

A@cex cun A WKuH - ( Wmn)xoy. - ( WKMH) Hauss

T.€. padoTa BCEX CWJI paBHA M3MEHEHUIO KUHETHYECKOW HSHEpruM Tena (Wiu
CUCTEMBI).

Paboma - mepa n3aMeHeHus SHEPruM ((PU3NIECKHiA CMbICT PadOTHI).
Kunemuueckast sHepeusi 8pawyaiowe2ocst meJad.

TBepmoe Teno BpamaeTcs BOKPYT HEMOABMKHOM ocH. [To/Has KWHETHYECKast SHEPTHsl
BpaIAIOUIErocs Tela paBHa;

2
7 £
NN .Epa. T
2

rjae / - MOMEHT HHCPLKHA TCJIa OTHOCUTCIILHO OCH BpalllCHU .

Ilomenyuanvhas — SHepausi -  DHEPrusi,  OOpenenseMas  B3aUMHBIM
PacioioKEHUEM TeJ WK OTACTBHBIX YacTEH Tea OTHOCUTENBHO APYT ApYTa.
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1.7 3ak0oH coXxpaHeHHs] MEXaHUYECKOii JHEPIHH CHCTEMbI

3aKOH COXPAHECHHS MEXAHWYECKOW SHEPruM 3TO0 (PYHIAMEHTAJBHBIA 3aKOH
OPUPOJBI, YCTAHOBJICHHBIA SMIHUPUYECKHM W 3AKJIFOYAIOIMIMHCA B TOM, YTO JUIs
W30JIMPOBAHHON (PU3UYECKON CHCTEMBI MOKET OBITh BBEJICHA CKAISIpHAs (PU3MUECKast
BEIIMYMHA, SBISIIOIAACA (PYHKIMEH MapaMeTPOB CHCTEMbI M HA3bIBacMasi SHEPIUCH,
KOTOpasi COXPaHSAETCs ¢ TCUEHUEM BpeMEHU. [10CKOJIbKY 3aKOH COXPAHEHHS SHEPTHH
OTHOCUTCSI HE K KOHKPETHbIM BEJIMUMHAM M SBJICHUSM, a OTpPakacT OOUIyIO,
OPUMECHHUMYIO BE3JE U BCETIa 3aKOHOMEPHOCTh, €M0 MOKHO MMEHOBATh HE 3aKOHOM,
a MPUHIMIIOM COXPAHCHUS SHEPTUU.

C (QyHmaMeHTaIbHON TOYKM 3pEHUsS, COrjacHo Teopeme Hérep, 3akoH
COXPAaHEHUsI DHEPrUU SBIAETCA CICACTBAEM OJHOPOAHOCTH BPEMEHH, TO €CTh
HE3aBHCUMOCTH 3aKOHOB (PU3MKM OT MOMEHTA BPEMEHH, B KOTOPBI pacCMaTpUBACTCS
cucreMa. B 3TOM CMBIC/E 3aKOH COXPAHEHUS YHEPTHUH SIBIAETCS YHUBEPCAIBHBIM, TO
€CTh NPHUCYIIMM CHCTEMaM CaMOi pa3Hoil (¢u3nmdeckoil npuponel. I[lpu sTOM
BBIIIOJTHEHHWE 3TOr0 3aKOHA COXPAHEHUS B KAKIOW KOHKPETHO B3STOM CUCTEME
O0OOCHOBBIBAETCS MOAYMHEHUEM 3TON CHCTEMbBl CBOMM CHCHH(PHUECKAM 3aKOHaM
JUHAMHKH, BOOOIIE TOBOPS, PASTMYAKOLIMMCS ISl PA3HBIX CUCTEM.

B pasnuusbIX pasgenax (PU3MKM O MCTOPUYECKHM MPUYMHAM  3aKOH
COXPAHEHUS SHEPTrUU (HOPMYJIMPOBAJICS HE3ABHUCHMO, B CBS3HM C YeM OBbIJTM BBEICHBI
pa3nMYHbIC BBl SHEPrUU. BO3MOXKEH MEPEXO S3HEPIUU U3 OAHOTO BHAA B APYIOW,
HO TIOJIHAs OJHEPIrUs CHUCTEMBI, paBHas CyMME OTHAEIBHBIX BHUIOB DJHEPIHIA,
coxpansiercsa. ONHAKO, U3-3a YCIIOBHOCTH JEICHUS 3HEPIMHM HA PA3JIMYHBIC BHJBI,
TaKO€E JICJICHUE HE BCET/IA MOKET OBITh MPOU3BEAEHO OJHO3HAYHO.

1) IlpupamieHue KWHETUYECKOW SHEPIMHM CUCTEMBI PABHO MPOM3BEIACHHOH pabore
BCEX CHJI, TPUJIOKEHHBIX K CUCTEME.

A@cex cun A WKuH - ( Wmn)xoy. - ( WKMH) Hau.

2) Bce cunbl, ACHCTBYIOIMIME HA CUCTEMY MOXKHO Pa3lCinTh HAa BHEUIHWE W
BHYTPCHHUE. BHYTPEHHHE CHJIbI MOKHO Pa3[C/IUTh HA TOTCHUUAJBHBIE H
HENOTECHUMANBHBIE (K MOCIEIHUM OTHOCSTCS CHJIbI TPEHHUSI M COTPOTHUBIICHUS ). Toraa

ABC’@X cun - ABH@W. + .Anom. + Amp

3) Pabota moTCHUMATBHBIX BHYTPEHHUX CHJI PaBHA MPUPALLECHUIO MOTEHLHAATBLHON
SHEPIUHA CUCTEMBI, B3ITOMY CO 3HAKOM MUHYC.
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1.8 KosedarenbHOe IBHKEHHE

JIBwokeHus, oONiamarolmue TOW WIM HMHOW CTEMEHBI IMOBTOPSEMOCTH,
HA3BIBAXOTCS KOACOAHUSMIU.

Ecnu 3HaueHns PU3NUECKUX BETUYMH, U3MEHSIOIIMXCS B TPOLECCE TBUKCHHUS,
NOBTOPSIFOTCS YEPE3 PABHBIC MPOMEKYTKH BPEMEHH, TO TAKOE JBUKEHUE HA3bIBACTCS
nepuooudeckum. B 3aBUCMMOCTM OT (PHU3MYECKOH NOPUPOIBI  KOJIEOATEIBHOTO
nporecca pa3IMyaroT MEXaHWUYECKUE W 3JIEKTPOMAarHuTHele konebanus. 1o cmocoly
BO30Y>KIEHUS KOJEOaHUsl JENAT HA: c60000Hbie (COOCTBEHHBIC), MPOUCXOIAIINAEC B
NPEACTABICHHON caMoii ce0e CCTEME OKOJIO MOJIOKEHUS PABHOBECHS ITOCIIE KaKOTO-
aM00 TEPBOHAYAIBLHOTO BO3JCHCTBUS, GbiHYJICOeHHbie — TPOUCXOIAIINE MPH
NEPUOMYECKOM BHEIIHEM BO3/ICHCTBUM.

VYciioBUs BOBHUKHOBEHUsI CBOOOAHBIX KOJIEOAHWI: a) MPU BBIBEACHUM Tea U3
NOJIO’KCHUSI PABHOBECHS B CUCTEME JI0JKHA BO3HUKHYTh CHJIA, CTPEMSIIASICS BEPHYTh
€r0 B MOJIO’KEHUE PABHOBECHS; O) CUJIBI TPEHUS B CUCTEME JOJDKHBI OBITH JOCTATOYHO
MaJIbl.

[TpocreiimuM TUMOM KOJEOAHWUH SIBJISIFOTCS TAPMOHMYECKHAE KONEOaHUs —
KoJeOaHus, MPU KOTOPBIX KOJICONIOMIASCS BETMYAHA U3MEHSETCS CO BPEMEHEM MO
3aKOHY cuHyca (KocuHyca). MccnenoBaHue rapMOHMYECKMX KOJIEOAHWH BaXKHO IO
IBYM mpuyuHaMm: 1) koneOaHusl, KOTOPBIE BCTPEYAIOTCS B MPUPOAE M TEXHUKE, YaCTO
UMEIOT ONMU3KHII K TapMOHMYECKOMY XapakTep ; 2) Pa3iv4HbIE MEPUOIUYECCKHE
IPOLECCHI (MPOLIECCH, KOTOPBIE MOBTOPSIOTCS YEPE3 PABHBIE MTPOMEKYTKH BPEMEHH )
MO>KHO TPEJICTAaBUTh KaK CYMEPMO3ULHI0 (HATOKEHUE) TAPMOHUYECKUX KOJICOAHUIA.
["apmoHMueckne KojaeOaHWsT HEKOTOPOW BEIMYMHBI S OMUCHIBAKOTCS YPaBHEHUEM
BHJA

s = Acos (wnt + )

rie @y — Kpyroras (LMKJIMYECKAs) YaCTOTa, 4 - MAKCHMAJIbHOE 3HAYECHUE
KOJICONIOIICHCS BETMYMHBI, Ha3bIBAEMOE aMILTUTYJ0N KojneOaHus, ¢ — HadalabHas
(daza koncOaHUss B MOMEHT BpeMeHu (=0, (wot+¢) - pa3a koneOGaHus B MOMEHT
BpeMeHu t. daza koneOaHus €CTh 3HAYEHUE KOJECOJIOMENHCS BEIMYMHBI B JAHHBIA
MOMEHT BpeMeHM. Tak Kak KOCHHYC MMEET 3HaueHUe B npeaenax ot +1 go —1, 1o s
MOKET MPUHUMATH 3HAYECHUS OT +A4 110 —4.

OnpeneneHHbIE COCTOSHUS CHCTEMBI, KOTOpas COBEPIIAECT TapMOHUYECKUE
KoJicOaHUs, TIOBTOPSIOTCS uE€pe3 MPOMEXKYTOK BpeMeHW T, uMeroluii Ha3BaHHE
nepuoa  koneOaHMs, 3a KOTOpbld (asa komeOaHWs MONMy4YacT MNPHUPALICHHUE
(u3menenne) 2x, T. €. wo (E+T) + ¢ = (wot + ) + 27 oriyna
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2. OCHOBBI MOJIEKYJIAPHOM ®U3UKHU 1 TEPMOJUHAMUKH

Monexynapnas guzuxka u mepmoounamuxa - pasfeibl (PU3HKHA, B KOTOPBIX
M3YYaAKTCS MAKPOCKOIMMYECKHUE MPOLIECCHl B TEJAX, CBA3AHHBIE C OTPOMHBIM YHCIIOM
COJEPIKALLMXCS B TEJIAX ATOMOB U MOJIEKY L.

Mounexynapnas ¢pusuxa npeacTaBiseT coO0H pa3aen PU3NKH, U3yUYarOUIil CTPOCHUE
W CBOWCTBAa BEUICCTB, UCXOAS M3 TaK HA3BIBAEMBIX MOJEKYJISIPHO-KMHETHYECKUAX
npeacrapneHuid. ConIacHO 3TUM MPEICTABICHUSM:

1. Jlroboe Teno - TBEPAOE, KUAKOE WA Ta3000pa3HOE COCTOMT W3 OOJIBIIOrO
KOJIMYECTBA BECbMA MaJIbIX 000COOJEHHBIX YaCTUI-MOJICKYJI.

2. MoJieKynbl BCAKOTO BEHIECTBA HAXOAATCS B OECKOHEYHOM XaO0TUUYECKOM JIBUYKEHUH
(Hampumep, OPOYHOBCKOE JIBHIKEHUE ).

3. Ucnone3yeTcs naeanu3upoBaHHas MOJIETb UACATBHOTO Ta3a, COrMIACHO KOTOPOIA:

a). CoOCTBEHHBI 00BEM MOJIEKYJ Ta3a MPEHEOPEKUMO Majl MO CPAaBHEHUIO C
00BEMOM cocya (pa3pesKEHHOCTD ).

0). Mexay MOJIeKyJlaMHA OTCYTCTBYFOT CHJTbI B3AMMOIEHCTBUSI.

B). CTONTKHOBEHHE MOJIEKYJI ra3a MEXAy COOOW M CO CTEHKaMM COCyJa abCONIFOTHO
yIpyTHE.

4. MakpoCKOTIMUECKHE CBOMCTRA Te (aBJICHKE, TEMIIEpaTypa 1 ApP.) OMUCHIBAIOTCS C
MOMOIITBI CTATUCTUYECKUX METOAOB, OCHOBHBIM TMOHSTHEM KOTOPBIX SIBJISICTCS
CTATHCTUUYCCKUM aHcaMOJIb, T.€. ONHCHIBACTCS MOBeACHUS OOJIBIIOr0 YKMCiIa YACTHII
4yepe3 BBEICHUE CPEAHUX XaPaKTEPUCTHK (CPEAHSS CKOPOCTh, DHEPrHUsi) BCETO
aHcaMOIIsl, a He OTACIbHOMN YaCTHIIBI.

Tepmoounamuxa B OTIAYME OT MOJIEKYJSPHO-KMHETHYECKON TEOPUM M3Y4YaeT
MAaKpPOCKOIIMYECKHE CBOWCTBA TENI, HE HHTEPECYICh HUX MAaKPOCKOIMUYECKON
KapTHHOM.

Tepmoounamurxa -  pasgen  (pu3WkM,  W3ydaromuii  o0mme  CBOMCTBa
MAaKPOCKONMYECKUX CHUCTEM, HAXOMALIUXCA B COCTOSHHUU TEPMOJAMHAMUYECKOIO
PaBHOBECH S, U IPOLIECCHI MEPEXOAA MEXKAY STUMH COCTOSTHUSAMH.
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B ocHOoBe TepMOoAMHAMHKM JiexkaT 3 (PyHIAMEHTAIbHBIX 3aKOHA, HAa3bIBAEMBIX
HavYaJlaMi TEPMOJMHAMMKM, YCTAHOBJICHHBIX HA OCHOBAaHWMM 0000MIECHUS OOJbLION
COBOKYITHOCTH OMBITHBIX (JaKTOB.

MonekynsIpHO-KHHETHYECKass TCOPUS U TEPMOJAMHAMMKA B3aMMHO JOTOIHSIOT JIPYT
apyra, o0pa3ysi €MHOE LEN0E, HO OTJIMYAACh PA3TUYHBIMUA METOAAMHU MCCIIEI0BAHMSL.

TepMOoaMHAMHUYECKAsT CUCTEMA - COBOKYITHOCTb MAKPOCKOMMYECKMX TEI, KOTOPBIE
B3aMMOJECHCTBYIOT U OOMEHMBAKOTCS SHEPIrUEH Kak MEXAy cOoOO0#, Tak U ¢ APYTHMHU
tenamu. COCTOSHME CHUCTEMBI 33aa€TCd TEPMOAMHAMUYECKMMHU IApaMETPaMu -
COBOKYIHOCTH (pu3nyecKnX BEJIMYMH, XapPaKTEePU3YIOLIUX CBOICTBA
TEPMOJMHAMUYECKOH CHUCTEMBI, OOBIYHO B KAQueCTBE MApPaMETPOB COCTOSIHHS
BBIOMPAIOLIMX TEMIEPATYPY, JABICHHUE U YACIBHBINA 00BEM.

Temnepamypa -  (Qu3AyYecKas  BEIMYHMHA,  XAPAKTEPU3yOLlas  COCTOSHUE
TEPMOJMHAMMYECKOTO PABHOBECUS MAaKpockonmumyeckod cucremsl. [T] = K -
TepMOIMHAMMYECKAs WKama, [t] = °C — MexayHapoaHas NPAKTAYECKas IIKaja.
CBsi3b TEPMOJMHAMUYECKOW W M/H TpPaKTHUECKOH Temmeparypel: T = t + 273,
Hanpumep, ipu t = 20 °C, T =293 K.

Voenvnuwiii 06vém - 370 00BEM eUHUIBL Macchl. Koraa Teno 0AHOPOIHO T.€. p
= const, TO MAaKpPOCKOIMYECKUE CBOHCTBA OJHOPOAHOrO Te€la  MOTYT
XapaKkTepu30BaTh 00BEM Tena V.

2.1 CraTucTH4ecKuii 1 TEPMOAHUHAMUYCCKH I MOXX0AbI
CymiecTByeT 1Ba METOAA UCCIICTOBAHUI

1) cTaTUCTUYECKUH METOJI OCHOBAH HA TOM, YTO CBOMCTBA MaKpPOCHCTEM,
COCTOSAIMX M3 OOJILIIOTO 4YHWCJIa MHKPOYACTHUI, OMPEACISIOTCS YCPEAHEHHBIMU
3HAUCHUSIMU XAPAKTCPUCTUK ITUX MUKPOUYACTUIL (HATPUMED, CKOPOCTEH, SHEPTUid);

2) TtepMoaMHamuyeckuii. ‘TepMoAaMHAMHMKa W3y4aeT OOIIME CBOMCTBA
MAKpPOCHCTEM, HAXOISALIMXCS B COCTOSIHUM TEPMOAMHAMHMYECKOTO PAaBHOBECHUS, U
OPOLECCHl MEPEXOJAa MEXKIY COCTOSHUAMH. Cucrema — 3TO Jr0as MBICICHHO
BBIJICJICHHAs. COBOKYITHOCTB Tell. OKpy’Karolas cpefa — 3TO BCE, YTO HE BXOIUT B
cucteMy. B OCHOBE TEpMOIMHAMMKHM JIeKaT 3 3aKoHa (Hayajla) TEPMOJMHAMUKH,
OCHOBaHHBIX Ha OMbITE. [IJisl ONpenesieHnss COCTOSHUSL CUCTEMBI B TEPMOJMHAMUKE
UCIIOJIB3YIOTCS TapaMeTPhbl (TEPMOJAMHAMUYECCKUE TIEPEMEHHBIE) — IABJICHUE, O0BEM,
TeMIeparypa, macca. [TapaMeTpel, 3aBUCAIIME OT KOJIMYECTBA BEIIECTBA B CUCTEME,
HA3bIBAKOTCS OKCMEHCUBHBbIMU, — ATO 00BEM V, Macca m, KOJMYECTBO BELIECTBA
(uncno Monei), 3Heprus. OTH NapaMeTpsl aJIUTHUBHBI, HAIPUMEDP, Macca CUCTEMBI
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paBHA cyMMe Macc Bcex €€ vacteid. IlapameTpbl, He 3aBHCAIIME OT KOJIMYECTBA
BEIIECTBA B CUCTEME, HA3bIBAIOTCS UHIMEHCUBHBIMU, — ITO TeMIepaTypa 7, TaBjieHUE

P.

Maccy MOJIEKYNl TNPUHATO BBIPAXKAaTh B OTHOCUTENIBHBIX MOJIEKYISPHBIX
IMHANAX. 3a CTAaHAApPT NPHHATA Macca W3oToma yriaepoga “C. Cuuraercs, dTo
MOJIEKYJISIPHAs Macca yriepoia papHa 12 aroMHbIM eMHUIAM. TOorna moiekyisaphoi
Maccoii genjecmed Ha3bIBAETCS OTHOLIEHUE MACChl MOJIEKYJIBI 3TOrO BemiecTBa K 1/12
Maccel aroma yriaepoga “C. TakuMm 06pasoM, MOJEKYJSpHAas Macca — BEIMUHHA
Oe3pazmepHas. KonuuecTBO BeHIecTBa, B KOTOPOM  COACPKHUTCS  KOJIMYECTBO
MOJIEKYJI, paBHOe wmciy aromos B 0,012 (ko) m3ortoma yriepona C, naswisaemcs
Monem gewecmsa. UACI0 MOJIEKYJ, KOTOPOE COAEpKUTCS B 1 (mose), Ha3bIBAETCS
quciom Asoeadpo, W oHO paBHO: Np = 6,022:10 * (momw™). Maccy omsoro mons
HA3bIBAKOT MOJSAPHOT Maccoti M, 3T0 BEMWYAHA pa3MepHas — (ke/mouiv). Hanpumep,
MoOJIsIpHas Macca kucnopoaa (O,) pasHa 0,032 (ke/mons), yrnepoga — 0,012 (ke/mony).
O4eBHIHO, YTO MOJISIPHAsE Macca PaBHA MPOM3BEACHUIO YMciIa ABOrajgpo Ha Maccy
OIHOM MOJIEKYJIBI iy

M= NAI’I’IO
2.2 YpaBHeHHE COCTOSTHMA HACAJIbHOIO0 ra3a

[TycTp raz maccoii m 3aHuMaeT 00beM }J npu Temneparype /' v AaBJICHUM p, a
M- MonsipHas macca raza. [1o onpenenaeHuto, KOHIIEHTpalus MOJIEKYJ rasa; n = N/V,
rae N-4uciao MOJIEKYIL.

??E.FI'.IFA
g

W=llN,=n=
M

[loactaBuM 3TO  BBEIPOKEHWE B OCHOBHOE YPABHEHHUE MOJICKYJISIPHO-
KHHETAYECKON TEOPHH:

mn m
=nkT=""ALT = pl = kT
£ Vi VA
R=kN, =831 o/ aone £)

Bennunny R Ha3bIBalOT YHUBEPCAIBHON ra30BOil MOCTOSHHOW, a YpaBHEHHE,
3alUCAHHOE B BHUJIC

b
PV=—RFfT wmu p¥ =vRT
Ad
HA3BIBAKOT YPUBHEHUEM COCMOAHUSA UOCANIbHO2O 2d3d WA YPABHEHUEM Menoeneesa-

Knanetipona. HopManeHbie yCIIOBUSL - JABJICHUE ra3a PaBHO atMocpepHOMy ( p =
101,325 kIla) npu Temneparype tasaus apaa ( 7= 273,15 K').
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OKCNEPUMEHTAIBHO YCTAHOBJIEHO, 4YTO NEPEHOC MACCHl Ta3a NOMYMHAETCA
3akoHy Duka:

dM = —Dd—pdet ’
dx

rne dM - Macca rasa, NMEPEHOCHMOTO 3a BpeMsl df YEpe3 SIEMEHTApHYIO
IUIOIIAAKY dS, PaCIOIOKEHHYIO NEPHEHAMKYJISIPHO K OCH X, BAONb, KOTOPOM
OCYILIECTBASAETCS mepeHoc; D - kodpuumeHT nuddy3nn, 3aBUCAMUNA OT TPUPOIBI
MG GYHIUPYIOIIETO Ta3a U YCIOBU, B KOTOPBIX OH HAXOUTCSI.

3HaK MHMHYC B BBIPOXCHMHM YKa3bIBACT Ha TO, YTO MNEPEHOC MAacChl MPU
I (Qy3un OCYIIECTBISETCS B HAMPABICHUHM yOBIBaHUS TUIOTHOCTH, TO €CTh BJIOJIb

dp
ITOJIOYKATENIBHOTO HAIPaBIIEHUS OCH X IMpuU PR 0 1 B OOpaTHOM HAMpAaBICHUM MPU

jl’x—p >0,

Buympennee mpenue - 5TO SIBICHUE BO3HUKHOBEHMS CHJI TPEHHUS MEXKAY
NapajyICIbHBIMKA CJIOSIMHA Ta3a WIA JKUJAKOCTH, JBIKYIIUMUCS APYr OTHOCUTEIBHO
JIpyra U ¢ pa3HbIMU CKOPOCTSMH.

OKCIIEPUMEHTAIIBHO YCTAHOBJIEH 3aKOH (3axon Hwlomona), B COOTBETCTBUU C

KOTOPBIM MOJYJIb CHJIbI BHYTPEHHErO TpeHWs dF’, NEHCTBYIOIICH Ha DIEMEHT
NOBEPXHOCTH CJIOS IJIOLIANBIO dS, ONPEAEIAETCS BEIPAKEHUEM

du
dlF = nadS

rae dwdx - TPauEHT CKOPOCTH HANPABIICHHOTO MBW)KCHUS CIIOEB, 7] -
KO3((UUMEHT BHYTPEHHETO TPEHUs (MW AUHAMHYECKANA KO3PPUIMEHT BA3KOCTH),
3aBUCALIMNA OT IIPUPOJIBI rasa.

Ha npaktuke wucnone3yercs W Tak  HA3bBIBAEMbId  Kumemamuieckut
KO3¢hhuyuenm ga3xocmu v, CBI3aHHBIA ¢ TMHAMUYECKUM KOA(DPUIIMEHTOM BA3KOCTH
7] ¥ TUIOTHOCTBIO Ta3a PO BIPAKCHHUEM:

Lo
yo,
Tennonpogoonocms - 3TO SBICHUE TEPEHOCA SHEPrUM B (POPME TEMIIOTHI PH
HAJIMYMU B BEIICCTBE PA3HOCTU TEMIIEPATYP B HEKOTOPOM HANPABJICHUM.
OKCIIEPUMEHTAIIBHO JT0KA3aHO, YTO TAKOW MEPEHOC SHECPIUM MOMAYMHSETCS

CIICAYIOLIEMY 3aKOHY (3axony Pypve):
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2.11 Bropoe na4yajo tepmoaunamuku. Huxkia Kapuao

Bmopoe nauano mepmoounamvuxy — (PU3NICCKUA TPUHLUI, HAKIAABIBAFOIIMI
OTPAaHMYEHUE Ha HANpPaBJICHHE MPOLECCOB MEPEAAYN TeIIa MEXAY TenaMu. Bropoe
HAYQJI0 TEPMOAVMHAMUKM TJIACHT, YTO HEBO3MOKEH CAMOIPOM3BOJIBHBIA MEPEXO.
TEIa OT Tela, MEHEE Harperoro, K Tteny, Oosiee Harperomy. Bropoe Hawaio
TEPMOJMHAMMKHN 3aMpEIacT TaK HA3bIBACMBIE BCYHBIC JBUTATEIM BTOPOrO PoOja,
NOKa3bIBasi, 4TO KOA(PPHUIUMEHT NOJE3HOTO ACHCTBHS HE MOKET PABHITHCS CIUHUILIE,
NOCKOJIbKY JJIsi KPYroBOrO TMpolecca TeEMIEparypa XONOAWIbHHKA HE JOJDKHA
paBHsThcs 0. BTOopoe Hayano TEPMOJMHAMMKK SBIISETCS MOCTYJIATOM, HE
JOKAa3bIBACMbIM B paMKax TepMOAMHAMUKH. OHO OBIJIO CO3JaHO HAa OCHOBE
0000EHNsT ONBITHBIX (PAKTOB M MOJYYHJIO MHOTOYHMCIEHHBIC SKCIEPUMEHTATbHBIC
noaATBEepKAeHUSA. CyIIECTBYIOT HECKOJIBKO SKBHUBAICHTHBIX (DOPMYIMPOBOK BTOPOTO
Ha4yajia TEPMOJANHAMUKH:

IToctynar Knaysunyca: «HeBO3MOXKEH MpOLECC, €AUHCTBEHHBIM PE3YJIETATOM
KOTOpPOro sBiisjlack Obl mepefada Temia OoT Oojee XOJMOAHOTO Tena K Oonee
ropsueMy» (Takoi mporecce Ha3pIBaeTes npoueccom Knaysumyca).

IToctymar Tomcona (KenbBuHa): «HeBO3MOXEH  Kpyroroil  mporecc,
€IVUHCTBEHHBIM PE3YJIbTATOM KOTOPOro ObUi0 Obl MPOM3BOACTBO PpaldOTHI 3a CHET
OXJIAKICHHUS TETUIOBOTO pe3epByapa» (Takoil MPOLECC HA3BIBAETCS MPOLECCOM
TomcoHa).

OKBUBAICHTHOCTh 3THX (POPMYIMPOBOK JIETKO TOKa3aTb. B camom nerne,
JOMyCTHM, 4TO mnocTtynar Kiay3myca HEBEpEH, TO €CTh CYLIECTBYET MPOLECC,
€MHCTBCHHBIM PE3yJIbTaTOM KOTOpPoro Obuta Obl mepenavya Temia OT Oolee
XOJIOMHOTO Tena K Oosiee ropsiuemy. Torga BO3bMEM [JBa Tela C Pa3IUYHOM
TEMIEPATypoil (HarpeBarelnb W XOJOAWIBHUK) M TPOBEAEM HECKOJBKO LHKIIOB
TEMJIOBOM MallMHbI, 3a0paB Temio (J; y HarpeBaress, otaaB Q2 XOJOAWIbHHUKY W
COBEPIIUB MpH 3TOM padoty A = O; — Q.. Ilocae 3Toro BoCnob3yeMcsl MporeccoM
Knay3uyca u BepHeM Temio (), OT XONOAWIBHMKA Harpeparento. B pesynbrare
NOJIy4aeTCsl, YTO Mbl COBEPIIMIM pabOTy TOJBKO 3a CYET OThEMA TEIUIOTHI OT
Harpesaress, TO €CThb mnocTyjgar ToMcoHa Toke HeBepeH. C Apyroil CTOPOHBI,
OPEIIOJIOKHAM, YTO HEBEPEH mocTyaar TomcoHa. Torma MOXKHO OTHATH 4acTh TEMJIa
y 00Jiee XOI0JHOTO TENA U MPEBPATUTH B MEXAHUYECKYIO padoTy. 3Ty paboTy MOKHO
OPEBPATUTh B TEIIO, HAMPUMED, C MOMOIIBI0 TPEHUS, HATPEB O0JIce ropsyee Teo.
3HAUUT, W3 HEBEPHOCTH TOCTyJata TOMCOHA CIEAYET HEBEPHOCTh MOCTyjara
Kiaysuyca. Takum o06pazom, nmoctynatel Knayzuyca u ToMcOHA SKBUBAJICHTHBI.
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Jlpyrast (GopMyJupoBKa BTOPOro Hauaja TEPMOJMHAMHMKM OCHOBBIBACTCS HA
HOHSTUU SHTPOTHU:

«OHTPONHMSI HM30JUPOBAHHOW CHCTEMbI HE MOXKET YMEHBIIATHCS» (3aKOH HE
yOBbIBaHUS SHTPOIIHH ).

Takas (popMyaupOBKa OCHOBBIBACTCS HA MPEACTABICHUM OO0 SHTPOMHUM KaK O
(OYHKIUU COCTOSIHUSI CUCTEMBI, YTO TAKXKE JTOJIKHO ObITh MOCTYJIMPOBAHO.

B cocTosiHMM ¢ MakCHUMaJIbHOH SHTPONMHMEH MaKPOCKONMUYECKUE HEOOpaTUMBIE
OPOLECCHl (a Mpolecc NepeJayd TEIa BCErAa SBISETCS HEOOpaTUMBIM HK3-3a
noctynara Knay3uyca) HEBO3MOKHBI.

Huxn Kapné — wWacalibHBIA TEPMOJAMHAMUYECKUI LMK, TennmoBas MalinHa
Kapno, paboraromas nmo stomy uukiny, obmamact makcumaibHbiM KIIJI u3 Beex
MAIlWH, Y KOTOPBIX MAKCUMAJIbHAS 1 MUHUMAJIBHAS TEMIIEPATYPhl OCYIIECTBIIIEMOTO
OAKIA COBIQNAIOT COOTBETCTBEHHO C  MAKCUMaJIBbHOM W  MUHHUMAIBHOU
teMneparypamu 1ukiia Kapao. Coctout u3 2 aauadaTtHueckux U 2 U30TEPMUUYECKUX
ITPOLIECCOB.

OaHuM W3 B@)XHBIX CBOMCTB IuKia KapHO SBISETCS €ro oOpaTUMOCTb. OH
MOJKET OBITh MPOBEAECH Kak B MPSIMOM, Tak M B 0OpaTHOM HAIpaBJCHUH, MPU STOM
SHTPONMUS aauadaTUYEeCKH M30JMPOBAaHHOM (0€3 TemmooOMEHa C OKpY KarolIeH
CPENIoii) CUCTEMBI HE MEHSETCSI.

Ilycte TeruioBass MallvHa COCTOMT W3 Harpesareiiss ¢ Temmeparypoi TH,
XOJIOAWJIbHUKA ¢ Temneparypoi TX u padodero tena.

[uxn KapHO COCTOUT U3 YETHIPEX CTAUN:

H3orepmuueckoe pacmmpenue. B Hawane mpouecca pabodee TEIO HMEET
temneparypy TH, To ectb Temmeparypy HarpeBatelis. 3aTeM TENo MPUBOAUTCS B
KOHTAKT C HarpeBaTesieM, KOTOPbI U30TEPMUYECKH (ITPH TTOCTOSTHHON TEMIIEpaType)
nepenaért emy kosmuectBo TemwmoTel QH. Ilpm stom 00BEM pabouero Ttena
YBEJIMYUBACTCSL.

AnnabaTndyeckoe — (M303HTPONMUYECKOE)  pacumpeHue.  Pabouee  Tenmo
OTCOEJMHACTCS OT HArpeBaTesiss M MPOJOHKACT paclMpATbes 0e3 TErmiooOMEHa ¢
OKpy>Karouei cpenoi. [Ipu aTtom ero remneparypa yMEHbIIAETCS A0 TEMIEPATYPEI
XOJIOIMITbHUKA.
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3. JABOPATOPHBIN MPAKTUKYM IO MEXAHUKE U
MOJIEKYJISIPHON ®U3UKE

3.1 IlopsinoK BbINOJIHEHHS J1A00PATOPHBIX padoT

Ha nepBom 3aHsTMM [MaeTcsi CIUCOK PpabOT, KOTOPBIE HAMO BBINOJHUTH B
cemectpe. IlpermomaBarens Ha3HA4aeT KaKAOMY CTYAEHTY KOHKPETHYH pPadoTy,
KOTOPYIO HAQJI0 MOATOTOBUTH K CIEAYIOLIEMY 3aHATHIO.

IToaroroBka k paboTe COCTOMT B CIEAYIOLIEM.

1. O3HaKOMUTBCS IO PYKOBOACTBY C TCOPETHUECKUMU OCHOBAMU, METOAMKOM 1
XOJIOM pabOTHl.

2. [ToAroTOBHATH OTYET: 3amMcaTh HOMEDP pabOTHI, €€ HA3BaHKE, LEIb PAOOTHI,
npuOOpbl U MPHHAUICKHOCTH, & TAKKE HAUYECPTUTH TAOIMIBI, 3amucarh pabouue
(OpMyJIBL

CTyneHT fomyckaercs K padoTe JIMIIb MOCJE TOro, KaKk OTBETHT HA BOMPOCHI
npenojaBaTesis U NPEeAbsIBUT NOATOTOBJICHHBIM OTUYET. J|aHHBIE OMbITa 3aHOCATCS B
TabMMIbl HEMOCPEACTBEHHO B X0oAc paboTel. B ciydyae ommMOKM HENPABHIIBHBIC
nU(pBl HAIO0 AKKYPATHO 3aYEPKHYTh M PSAOM HaNKMcarh MPaBUIIbHBIE.

JIaHHBIE U3MEPEHUI TPEBABISIIOTCS MPENOAABATENIO.

[Tocnie momyyeHust NOANUCH CTYACHT TPUBOIUT B MOPSAOK pabodee MECTO,
BO3BpAILACT MOJYUYCHHBIE TPUHAUIEIKHOCTH U NOTYYaeT 3aJaHNE Ha CIEIYIOMEE
3aHATHE.

JlaHHbIE O€3 MOAMMCH MPENOoAaBaTeNs HEACHCTBUTENbHBL. OOpabOTKy TaHHBIX
U3MEPEHNI (HEOOXOAMMBIE PACYEThl, BBIYMCICHHE MOTPEIIHOCTEH, MOCTPOCHHE
rpa¥KoB) BBIMOJHSIOT, KAK MPaBWJIO, AOMA M MPEAOCTaBISAOT paboTy B rOTOBOM
BUJC K 3allUTEe HAa CICAYIOLIEM 3aHATUM. PaspemacTcs mmeTs He Oonee ABYX
HE3AIIMIICHHBIX padoT. PaboTa cunTaeTcs BBIOJHEHHOM, €CIM CTYACHT CACNIACT BCE
HEOOXOUMBIC BBIYHACIICHHMS, TPA(QUKN U OTBETUT HA BOMPOCHI IPEMOAABATENS.

3.200padoTKa pe3yJabTaTOB U3MEPEHMId
3.2.1 Pe3yabTarbl H3MepeHH H UX OLINOKH

®u3MKa — HayKa B OCHOBHOM JKCIEPUMEHTAIBHASA. OTO 3HAYMUT, YTO
(PU3NYECKUE 3aKOHBI YCTAHABIIMBAKOTCS M MPOBEPSIOTCS IMYTEM HAKOIUICHUS W
COMOCTABIIEHUS SKCIEPUMEHTAIBHBIX NAHHBIX, /[ CTYJEHTOB LENb BBINOJHECHHUS
1a0opaTopHbIX PaboT 3aKIKOYACTCd B TOM, YTOOBI M3YUUTh MPUOOPHI, HAYUUTHCS
NPABWIBHO, TIOJB30BATECS UMH, SKCIEPUMEHTATBHO M3YyYUTh (PU3NUECKHUE SIBICHUS,
HAYYUTHCS MPABWIBHO, W3MEPATh YHCIOBBIC 3HAUEHUS (PU3MYECKUX BEIMYMH W
MPABUIILHO AHAJIM3UPOBATH YMCIIOBBIEC PE3YJIBTATHI, TOJYYCHHBIE ITyTEM NTOACTAHOBKH
B (pOPMYJIBI, BEIpAKAOIIKAE (PU3NYECCKUE 3aKOHBI. JTa, MPOCTask HA MEPBbIA B3IIAL,
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3a/la4a Ha MPAKTUKE OKa3bIBAECTCS JAICKO HE MpocTod. M3mepurh kakyr - jmbo
BEJIMYMHY 3HAYUT Y3HATh, CKOJIBKO Pa3 3aKIIFOYAECTCS B HEH ONHOPOAHAS BEIMYMHA,
NPUHATAS 34 €AMHULYY U3MEePeHUs. OYeHb PEAKO LETb PA0OTHI 3aKITFOYAETCS TOJIBKO B
HEMOCPEACTBEHHOM M3MEPEHHHM (PU3WYECKMX BEIMYMH (MpsMOe u3MepeHue). B
OONBIIMHCTBE CIIy4acB M[elb pPadOThl 3aKIFOYACTCS B TOJYYEHUH Pe3yjbTara
KOCBEHHOTO M3MEPEHHUsI, T.€. U3MEPEHHS, CBA3aHHOTO C U3MEPSEMBIMUA BEJTMUMHAMMU
ONPEACTIEHHONW (YHKIIMOHATBHON 3aBUCUMOCTBIO. MI3MEPUTh (PU3HUECKYIO BEIMUMHY
aOCOJIFOTHO TOYHO HEBO3MOXHO, T. K. BCAKOC M3MEPEHUE COMPOBOXKAACTCS TOM I
WHOM OMIMOKOH MK MOTPEUIHOCTHIO, T.€. OTKJIIOHEHUEM PE3yJIbTaTa, MOTYyYEHHOrO Ha
OMBITE€, OT HWCTHUHHOTO 3HAYECHUS M3MEPSEMOW BEJIMYMHBL. Bce mnorpemHocTy,
N0JIy4aeMble MTPU U3MEPEHUSX, TOAPA3ACIAIOT HA CUCTEMATUUECKHE, CIIyYaiHbIE U
npomMaxu. CHUCTEMATMYECKUMHU HA3BIBAIOTCS MOTPEIIHOCTH, KOTOPHIE HM3MEHSIOT
pE3yAbTaT U3MEPEHUSL B OJIHY OMPEICICHHYIO CTOPOHY (YMEHbIIAS WIA yBEIAYMBAs
PE3yAbTaT) U HA ONPEICICHHYIO BEJIMUMHY. Takue morpeiHOCTH MOSBIISIOTCS, €CIA
B TMPOLECCE M3MEPEHUI HE YUYTEHbl MPUUYMHBI, OJHOCTOPOHHE BJMSIOIIME HA
pe3ynbTar u3MepeHuii. Hanpumep, npu B3BEUIMBAHUM HA YyBCTBUTEIBHBIX BECaX HE
NPUHSATA BO BHUMAHUE MOTEPs Beca Tea B BO3AYXE; MPU U3MEPEHUMN COMPOTHUBIICHMSI
NPEHEOPErIM CONPOTUBIICHUEM BCIOMOTaTeNbHBIX TPOBOJIHUKOB.

HcTouHuKOM CUCTEMATHUYECKIX NOTPEHIHOCTEH MOTYT OBITh
WHCTPYMEHTANIbHBIE (MPUOOPHBIC) OMMOKKA anmaparypel. Hampumep, Hyab OIkasbl
TEPMOMETPA MOKET OBITh CMEUIEH, €CJIM HIKAJIA TJI0X0 3aKPEIUICHA ¢ KAaNWLIAPOM U
T.. 3HAK NPUOOPHOH MOrPEIIHOCTH OOBIYHO HE M3BECTEH, a MAaKCUMAJIbHAs
BEJIMUMHA €€ 3ajacTcs JuO0 B macmopre K npudopy, JMOO yKazaHHEM Kiacca
TOYHOCTU MpuoOopa, MO0 Ha camMmoM npudope, Ha ero mkane. Eciu morpenHoctsb
npudopa HE yKa3aHa, TO B KA4yeCTBE €€ Oepercs MOJOBMHA IIEHBI HAMMEHBIIETO
AeneHust wkanel. [Ipyw 3TOM ciienyer uMeTh B BUAY, YTO 3TO JIMIIb rpydas OueHKa
CUCTEMATHYECKOM OIIMOKH.

CnyyvaifHble TOrpelIHOCTA  OOYCJIOBIEHBI MPHYMHAMH, HMCKAKAOIIKAMHA
PE3yAbTaThl I3MEPEHUI HE B OMPEIETICHHYIO CTOPOHY, a OECNOPAI0YHO, OT Cayvas K
CJIy4ar0, KaKk B CTOPOHY 3aBBIIICHHUS, TAK U B CTOPOHY 3aHMKeHUs. OHUA MOSBIISFOTCS
MU3-3a  HEMOCTOSAHCTBA  M3MEPAEMON  BEJIMYMHBI B MPOLECCE  U3MEPEHUM,
HECOBEPILIEHCTBA M3MEPSIIONIMX YCTPONCTB, HANIMX OPraHoB 4yBCTB. Hampumep,
ucKakeHa ¢opMa Kojblla, HeOosbmMe KoyeOanus Temneparypel. H3yueHunem
BJIMSIHUSL CITyYaiiHBIX MOTPENIHOCTEH Ha Pe3ysibTaThl U3MEPEHUM 3aHUMAETCS TEOPUs
OMUOOK, KOTOpas SIBICTCA PaA3JEiOM TEOPUM BEPOATHOCTEH M MATEMaTHYECKON
CTAaTUCTUKH. Pe3ylbTaThl 3TOH TEOpPUM TO3BOJSIOT Y4YECTh BJIUSHUE CIydYaitHBIX
NOTPEIIHOCTEH W MOJYYUTh MPUA JOCTATOYHO OOJIbIIOM YHMCIIE M3MEPEHUI 3HAYCHHSI
U3MEPSEMbIX BEJIMYMH, IOCTATOUHO OJIM3KUE K UX UCTUHHBIM 3HAYCHUSIM.
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HpOMaXI/I — 9TO OOJIBIIIAE TIO BEIWYHHE NOrpeuHOCTH, CHJIBHO HCKAKAKOLIXC
PE3yibTaT HU3MCPCHMUA. Onu MOI'YT ABJEATBCA CICACTBUCM HeraBHHBHOﬁ 3armcu,
HCBCPHOI'O OTCUCTA U T.I1.

Hanpumep, BmecTo orcyera Ha mkaie «13» sxcnepumeHTaTop 3anucai «18».
W3mepsaa [UIMHY AETanM JTMHEHKON, ¢ KpacM He ObUIO COBMEILIEHO HYJIEBOE JICIICHHUE
LIKAJTBI.

B naboparopHsix padoTax pe3ynbTaThl, CUILHO OTJIUYAKOUIMECS OT OCTATbHBIX,
0TOPACHIBAIOTCA KAK HE BHYIIAKOIINE JOBEPHSL.

3.2.2 Ounenka ciay4aiiHbIX NMOrpPEHIHOCTEHl NMPH HEe0OJAbIIOM 4HCJIe
H3MepeHuil

M3mepuTe (PHU3MYECKYIO BENMYMHY aOCONKOTHO TOYHO HEBO3MOXKHO, T.K.
BCAKOE M3MEPEHUE COMPOBOKIAETCS TOH WM MHOW OLIMOKOM.

H3mepenue pr3nueckoil BEMTUYAHBI MOKET OBITh BBITOJHEHO OJHOKPATHO WJIH
NOBTOPEHO HECKOJIBKO pa3. Eciau M3BECTHO, YTO MPU U3MEPEHUH (PU3NUECCKON BEIH-
YUHBI JAHHBIM METOJOM CHUCTEMATHYECKAs MMOrPEIIHOCTh OOJbIIE CIy4YaiiHOM,
NOBTOPSATh M3MEPEHHsSI W YCPEOHATh MX PE3yabTaThl Oecmoie3Ho. JloctarouHo
BBITIOJTHUTh U3MEPEHUS OJIMH Pa3 (M3MEPEHUE TMAMETPA MPABUIIBHOTO LIMJIMHAPA).

Ecnu rnaBHyr posib WrpacT MOTPEHIHOCTh Ciy4yaiHas, Ie1ecoo0pa3Ho
IIOBTOPUTH U3MEPEHUE HECKOJIBLKO pas.

Oyenka ciaydainolx nocpewiHocmeil npsmolx usmepenut. [Ipn TOBTOPHBIX
M3MEPECHUAX OJHOW M TOH JK€ BEIMYMHBI MOJIy4aeM OTIWYHBIE APYr OT Jpyra
PE3yAbTaThl U3MEPEHUS. OTO OBIBACT B TEX CIIyYasx, KOr/a HA PE3yJIbTaT U3MEPECHUS
BIIASIOT HE TMOJJAOIIAECH VYYETy Clay4YaiHble MpPUYUHBL. ECTECTBEHHO, YTO

Pe3yAbTaThl U3MEPEHHUA, X|>X;,X3,..... X, TOJIYYCHHBIE IPU TAKUX YCIOBHUAX, HOCST

TOXKE CITyYaWHBIN XapakTep.

B cBs3M ¢ 3TUM BO3HUKAET BOMPOC, YTO CICAYET CUYUTATH PE3YJIBTATOM
U3MEPEHUs, Hardosiee CBOOOAHBIM OT BAUSHUS CITyYaHBIX MpUunH. Kak moka3biBacTt
TEOpHsl OINOOK, cpedHee apumemudeckoe U3 OTACIbHBIX PE3YJIbTATOBR

XX, X+t X,

X =
1) "

P JOCTATOYHO OOJBIIOM YMCIIEC U3MEPEHUH 1 HanOoJiee OJIM3KO MOAXOAUT K
VUCTUHHOMY 3HAYECHUIO BETUYHHBI.
Orknonenns AX;| rme i=L2....n xaxmoro ornensHOro m3mepenms ot

9TOro Cpcaucro, T. €.
BCJIMYMHBI.
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TAX, =x,—X

TAX, =X, —X
2)

TAX =x —X

HOCSIT HAa3BaHUE dOCOIIOMHBIX OULUOOK OTAC/IBbHBIX H3MepeHHﬁ. B nanHOM ciiydac
HHTCPCCYCT HC 3HAK DTHUX OH_II/I6OK, a JINIIb UX YU CJIICHHOC 3HAUYCHHUC.

Bech psaa ciayyaiiHbX aOCOTIOTHBIX OIMIHOOK Axlanzan3:----:Axn MIPUHSATO
XapaKkTEPU30BaATh CPEHEN abconommo ouubKoli cpeone2o apupmemudeckoco

_ |Ax1|+|Ax2|+|Ax3|+...+|Ax

Ax = -

n

3)

ITpu BerumcaeHnn AX aGCONFOTHBIE OMMOKK OTAEIBHEIX H3MEPEHNH GEPYT 110
MOJIYJIHO, T.K. HAXOJST MAKCUMAJIbHYIO MOTPEIIHOCTb.
Hapsny co cpemHedi  aOCONFOTHOW  OMOKOW — ompenensercs cpeowss
OMHOCUMETbHAS NOZPEULHOCb PE3YTIbTATa
4 e =X 100%
X
5) Pe3ynbTatr u3MEpEeHUs BMECTE € IOTPEIIHOCTHIO 3aAMMUCHIBACTCS B BUJIE:

X = (x +Ax ) , €IMH. U3MEPEHHUSI BEIIMUUHBIL — 006epUmeNbHblil UHMepPEdl

DTO 03HAYAET, YTO UCTUHHOE 3HAYCHHUE X JISKUT B YKA3AHHBIX MPEACITIaX
X—Ax <x<x+Ax
3.2.3 IlpaBuia okpyr/ieHus
3anuch YMCIIOBBIX 3HAYCHUIA, TTOJTYYEHHBIX B PE3YJIBTATE U3MEPEHUM, OTIIMYACTCS OT
CTAQHJAPTHOM 3amicu umcen, NpuHATo B apudpmeruke. [lpm nmecatmdHON 3anmcu
pe3ynbTaTa BKHO CIIEIUTH 34 TEM, KaKHe (PPl COOTBETCTBYIOT PEATbHO M3MEPCHHBIM B
OKCIEPUMEHTE, a Kakhe BO3HMKIIM WCKIIFOYMTEIILHO B PE3YJIBTATE MareMaTUYeCKuX
onepauyii ¥ HaXOIITCA 3a MpeaeiaMi TOYHOCTH OnbiTa. Bee mm@pel, HAaUMHAs ¢ NEPBOi
HEHYJICBOM, HA3BIBAKOT 3Hauyduyumuy. JIs KOPPEKTHOM 3amucK pe3ysibrara HE0OXOIMMO
CJIEUTh, YTOOBI KOJIMYECTBO 3HAYAIMX HU(p ObUI0 COMMIACOBaHO C MOTPEHIHOCTHIO
m3MepeHus. [lepeuncmiM  MmpaBuia, KOTOPbIMH HEOOXOJMMO PYKOBOJCTBOBATHCS TMPH
3aMUCH  PE3YJIbTATOB: TIOCACAHSAS LM(pa 3anmuch  Pe3ysibTaTa M3MEPEHUSl JIOJDKHA
COOTBETCTBOBATH TOMY K€ Pa3psiLy, YTO W MOCIEHsIs Udpa B MOTPEIIHOCTH:
HenpaBwibHO: 1,245+0,05  5240,36  1,24+0,012
npaswiero:  1,25+0,05 5204  1,240-0,012-
BEJTMUYMHA MOTPEITHOCTH UMEET XapakTep CyryO0 CTATHCTHYECKOM OLCHKH M TPAKTHUYECKH
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HE MOXET ObITh OMpPEAENIEHa ¢ TOYHOCTHIO Jiydine 20%. [103ToMy MOrpentHOCTh HY>KHO
OKpYIJIITh JI0 OJHOH—ABYX 3Hadammx m@p. Kak mpaBuio, ecnv nocnenHss mmdpa B
NOTPEIIHOCTH SAVHHLA WK TBOMKA, TO B OIPEIIHOCTY OCTARJISIFOT JIBE 3HAYAME MBI,
B OCTQJIBHBIX CITyYasX — OJIHY:
HEMpaBWIbHO:5,27+0,86  1,236+0,137 1+0,239
npasuiero:5,3+0,9 1,24+0, 14 1,0+0,2
Bemnunny 0,14 we cnepyer oxkpymsare 10 +0,1, Tak Kak Mpyd 3TOM 3HAYECHUE
m3mensiercst Ha 40%.
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TBEpOOE TENO C MOCTATOYHOM TOYHOCTHEO MOXKHO CUMTaTh YIPYTUM, TO €CTh HE
OOHApY>KMBAIOIUM 3aMETHBIX IJIACTUUECKUX JAeopMaiuii, Noka Harpyska He
MPEBLICUT HEKOTOPOTO Mpeena (Mpeaea YIpyrocTH).

Kpome 31oro BeLAETSIOT CAEAYIOMME BUABI Ae(HOPMALUN; PACTKEHUE (CHKATHE),
W3rud, CABWI, KpyueHUE. B KOHEUHOM cuéTte, JIFo0yI0 Ae(pOopMali0 MOKHO CBECTH K
JIBYM HanOoJiee MPOCTBIM: PACTSHKCHUIO (MIIHA CKATHIO) U CIBUTY .

Cuner  ynpysocmu — 5TO CWIbl, BO3HUKAIOLIUME B TeJ€ MPU €ro YHOpyroi
naeopMan U HampaBICHHbIE B CTOPOHY, MPOTHBOMOJIOXKHYIO CMEIIECHUIO YaCTHI
npu  pedopmanmu.  OHU  OPENSATCTBYIOT  JAepopManusiM W HaMpaBJICHbBI
NEPIEHIUKYJISIPHO MOBEPXHOCTU COMPUKOCHOBEHUS B3aUMO/ICHCTBYIOIIMX TEJT.

Fypp =—kAx (1)

k- KO3(ULMEHT KECTKOCTH MPY>KUHBL, H/M; Ax - VUIMHEHUE, M

CootHomenue (1) onpeaenser 3KCNepUMEHTAIBHO YCTAaHOBIEHHBIN 3aKoH 1 yKa.
3HaK MUHYC YKa3blBa€T Ha TO, UTO CWJbl YIOPYrOCTH W  YIJIMHCHUS

Ax npotupononoxuel. Cunma yupyroctu B CH, kak m mrobas apyras Cuia,
u3mepsercsa B Heroronax, H.

Koappuyuenm  ocecmxocmu k (k03 PUIMEHT TPONOPLUUOHATBHOCTH)
YHCJIEHHO PABEH CHUJIE, KOTOPYIO CIENYET MPHUIIOXKHUTH K NPY’KUHE ISl TOTO, YTOOBI €€
JUIMHA MU3MEHWIACh Ha eauHULy. KoaQQUIHMEHT KECTKOCTH MPY>KUHBI MMOKA3bIBAET,
HACKOJIBKO YCTOMYMBO TEJIO K ACHCTBUIO BHEIIHEH HArPY3KH. 3aBUCUT 3TOT MAPAMETP
OT F€OMETPUYECKUAX MAPAMETPOB (IMaMeTpa MPOBOJIOKH, YMCIIa BUTKOB U JUAMETPa
HAMOTKH OT OCH ITPOBOJIOKH) M OT Marepuaia, U3 KOTOPOro OHA U3rOTOBJICHA.

Onucanue npubopa, 61600 pacuemnoil opmyivl U ROPAOOK GbINOJIHEHUA
paodomol

Yacrs 1. OnpeaeneHue ko3PPUIMEHTA KECTKOCTH TNPY>KAHBI TyTEM €€
PACTSKEHMSI.

[ToaBeckTe K MPY>KMHE TPy3 M U3MEPHTE YIUIMHEHUE MPY>KUHBL [lomydyeHHbIE
JOaHHble BHecUTe B Tabnuiy Nel. Jlajnee k mepBomy rpy3y 100aBbTE BTOPOH, TPETUH
W T.J. TPy3bl, 3aMKMCHIBAsS KaXIbli pa3 yAIUMHEHWE NpYyXuHbL. [lo pesynbraram
W3MEPEHMIA 3armoyHuTe Tadnmiyy Nel.

Tabnmna Nel

Maccarpyzam(xr) | | | | ..
YIIMHEHNE TIPYKUHBI

Ax, ()

Cuna tsoxectn I (H)

[To nmannbiM TaOmunbl Nel mOCTpoMTH TpaguK 3aBHCHMOCTH PaCTSHKEHUS
MIPY>KUHEBI OT BEJTUYNHBI JEHCTBYIOIIEH CHJIBL, T.€.

Ax = f(F)

U3 rpaduka onpeaeauTh 0JHO 3HAYECHUE k , 3nas, uto
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F
k=|—
‘Ax‘ (2)

Yacrs 2. OmnpenencHue Kod(pPUUIMEHTA SKECTKOCTH NPYXUHBI MYTEM
UCCIIEA0BaHMS €€ KOJICOATENBHBIX ABH)KCHHN.

JIBUOKEHHUE MATEPUATBHON TOYKU MO ACHCTBUEM YIIPYTO#l CUJIBI COBEPLLIACTCS
0 3aKOHY FrapMOHUYECKUX KOJIcOaHU

2
Fynp =—mo°x 3)

rie - ynp— ynpyras cuima;, M — Macca MarepHalibHOM TOukM, @ —
[UKJIMYECKas (Kpyropas) 4acTora.
[TpupoBHsieM ypaBHeHUs |1 1 2 ¥ HaliAeM TUKITUYECKYIO YACTOTY

—kx=—mo*x => o= % ()
H3BecTHO, UTO
®=2nv, (5)
rae V —4dacrtora KojcOaHui
[TpupoBHsB ypaBHeHus 3 u 4, Haiinem K
k=47"vm (6)

YacroTa konebaHuid MOKET ObITh HaiijieHa U3 OMNbITa, €CIU MOJACYMTATh YHCIIO
KoJieOaHu NMPY>KUHBI N 32 ONPEICTICHHBIA MTPOMEXKYTOK BPEMEHHU /.

Y= (7

JUIsL 3TOro, Harpy3utre NPYXKUHY TPy3aMud MAcCOW m, a 3areM OTTSHUTE €€
HECKOJIBKO HWKE TOJIOKEHUsI paBHOBECHs. ONpenenuTe Mpy MOMOIIM CEKyHAOMEpa
Bpemst 10-50 koneOanuii npykuHbl. [IOBTOpUTE SKCIEPUMEHT HECKOJIBKO Pas.

3anummTe NoayYeHHEIE 3HAUeHus B TaOmuiy Ne2 U Belumciute K, MCTIONb3ys
dbopmyy 6.
Tabnuma Ne2

Y -1 k k Ak Al_€ 0
Ne | m (KF) N|t (C) v (C ) (KF/CZ) (KF/CZ) (KF/CZ) (KF/CZ) € (A))

DN | —

Paccuuraiite aOCONIOTHYIO M OTHOCUTEIbHYIO MOTPEIIHOCTH JUIsl SKECTKOCTH

IPYXKHHBI K . 3amUIMTe Pe3yIbTar; k= (k + Ak ), €/1. U3MEPEHUS.
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Yacrs 3. Beruuciaenue paboTel ACQOPMHUPYIOLICH CHJIBI M MOTCHUHAAIBHON
DHEPIUM MPY>KUHBL.

[ToTeHIManbHas 3HEPIHsl yOPYrod NpyKUHBI paBHA pabOTE, COBEPIICHHOM Ha
[IPY>KUHOM.

[Tpu paBHOBECHH Ne(POPMUPYIOLIAs CHIIA YPABHOBEIIMBACTCS CHIION yIIPYrOCTH

Foug =1, =hx (8)
Torna padota ne)opMUpYIOLICH CHTBI OYIET ONPEACTATHCS COOTHOICHUEM
dA = Fdx = —kxdlx 9)
[IpouHTErpUpyEM BBIPAKEHUE
r kx kx;  kAX
A=[dA =~ lcdx = - (10)

Ennnanna n3mepenus pabotel B CHU — [Ixoyib, JIx.
3Has kK0d(PPUIUEHT SKECTKOCTH MPYXKUHBI K 1 e yanuaenne AX | BhYECIHTE
MOTCHIMAIIBHY 0 SHEPTUIO TPYXKUHBIL

kAx*
A=E,,, = 5 (11)

Envnnna nuaMepenust noTeHuuaibHoM saeprun B CHU — JIxxoynsb, k.

Buauenns kK u AX He0OGXOIMMO B3STH U3 YACTH 1.
Pesynbrarel pacyeToB 3aHecHTE B TaOuIly Ne3
Tabmuiga No3

Ax ()

[Toctponts rpaguk 3aBUCUMOCTH NOTCHUMAIBHOH SHEPIUHA TPYKUHBI OT
BEJIMYMHBI Je(hopManuu
E = f(Ax)

Koumponwhbsie eonpocet

Uro HazbIBaeTcs AchopManuecii?

Kakyto nedopmaiinio Ha3pIBalOT yIPYToi M HEYNPYTOl, MPUBEIUTE IPUMEPHI?
Buael nepopmanmm

J1aiite NoHSATHE CUJTE YIPYTOCTH

Kakast 3aBrcuMOCTb BhIpakaeTcs 3aKkoHoM ['yka?

duzndeckuit cMbIC KO3 uIMeHTa JKECTKOCTH NMPYKUHBI? EuHMIIa n3MepeHUs
Kakue MeToIb! OnpeneNieHus KECTKOCTH MPY>KUHBI BbI KCTIOJTE30BATA

Kak onpenensiercs padoTa 1eopMUpYHOLIEH CUITBI M TOTEHIMAILHAS SHEPTHSI ITPYKUHbBI

i S o S
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JIBUKEHUS ):
M=J-¢ 4)

OcHo6HOt 3aKOH OUHAMUKU 8PAWAMENbHO20 OBUNCEHU: MOMEHT BPAIIAOIICH
CWJIbI, TPWIOXKEHHON K TENy, PABEH NPOU3BCICHUID MOMCEHTA HMHEPLIMHM TEJA HA
VIJIOBOE YCKOPEHUE.

Ecmv npu BpamieHWM Tena MOMEHT HWHEPIUU WM3MCHSIETCA, TO TPUMECHSICTCS
oonee oOuias (opMa OCHOBHOTO 3aKOHA BpAIEHUS TEIA — 3UKOH U3MEHEHUS
MOMeHmd Koaudecmsd OsudiceHus: (XapaKTepu3yeT KOJIMYECTBO BpalATEIBHOTO
JIBAKEHUS ).

> . dw - ~
M=J-e=J —=M-dt=J -do (5)
dt
Bemunna M -df  — masbiBaeTcs MMIYJNECOM MOMEHTAa BHEIIHHX CHIL, a

penmunHa L =J - @ — MOMeHTOM MMIyJIbca Tesa, M UHTErpa ABUKEHHUS.
CoriacHO paBeHCTBY (5) U3MEHEHHE MOMEHTA KOJIMYECTBA JIBHXKCHHUSI TBEPJOTO
TE€Ja YUCJICHHO PABHO UMITYJIbCY MOMEHTA MPUIIOKEHHBIX K HEMY CHUL

HpI/I OTCYTCTBMH MOMCHTA CHJI M :O MOMCHT KOJIMYCCTBA IBMKCHHA OCTACTCA

MOCTOSIHHBIM. OTO CIICACTBUC HOCHUT HA3BAHUC 3dKOHA COXPAHEHUSA MOMEHMA
KOIUYeCmBd OBUNCEHUSL.

Onucanue npubopa, 61600 pacuemHou YopmyJivol U ROPAOOK 8bINOJIHEHUA
padomnl

Onucanue npudopa u BbIBOA pacuyeTHoi popmyJsl. Ha pucynke 1 nmokasana
CXE€Ma DKCINEPUMEHTATBHONW YCTAHOBKUA. MaxoBHK (MACCUBHBIN IUCK) MJIOTHO CUANAT
Ha Bajly. Bam MOXeT BpamarbCs B MOAMIMIIHUKAX C MaJIBIM TPEHHEM OKOJIO
TOPU30HTAIBHOM Och. OCh BpalIeHHs MTPOXOANT YEPE3 LIEHTP THKECTH MaxoBuKa. Ha
BAJly MAaxOBHMKa IUJIOTHO HACAKEH WIKWUB, CHAOXKECHHBIH OOJITMKOM, HA KOTOPBIA
HAJCBACTCA METIS HATH U HATh HAMATBIBACTCSA B HECKOJIBKO 00OPOTOB Ha IIKWB. Ha
CBOOOAHBIN KOHEII HATW MOMELIEH TPYy3, MACCON m, MPUBOASIIUI BCIHO CUCTEMY B
PaBHOYCKOPEHHOE IBIKECHUE.

[Ton neiicTBMEM Tpy3a HAa MaxOBHK OyAeT NEHCTBOBATH BPALIAFOIIANA MOMEHT

M , papHbIit nponssenennto cunsl £y (puc. 3), MPUIOXKEHHOH K HATH (HATsDKEHHE
HUTH) HA TUJIEYO, T.€.

d
M=k (6)

d

rie d — JMaMETp IITKKBA, a 5 — IIJIEYO CHJIBL
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g d*t*m 2h
"o 5T 13

IHopsiaok BeINOJHEHUsI padoThI

1. IITaHreHUMPKYIEM H3MEPbTE AMAMETP IIKMBA d 1 3aNHUIINTE €ro 3HAUCHHE,

2. Hute 3akpenure 3a OonTvK mkuBa. Ha HUTE MOOYEpEAHO MOABECHTE TPY3bI
pazubiMu Maccamu (100 r, 200 r, nu6o 300 r). [TogHUMHATE TEPBBIA TPY3 MACCOi m
Ha BBICOTY A, ONMM3KYK0 K MakcuMaiabHOW. M3mepbre macmraOHOW JIMHEHWKOH ¢
TOYHOCTBIO BBICOTY /1 (OT HIYKHETO TOPIIA FPy3a J0 MO0JIa) U 3aMUIINATE €€ 3HAUCHUE.

3. Omnpenenute Bpemsi ( ONyCKaHUst Tpy3a C BBICOTBI A. Jlns 3TOro
OJHOBPEMEHHO OIyCKAETe MAXOBUK M BKJIKYAETE CEKyHIOMEp. B MomeHT ynmapa
rpy3a O MOJ CEKYHAOMEDP BBIKIIOYAETE. 3aMUCBIBACTE PE3YJIBTATBl M3MEPEHWNA B
Tabmuiy Nel ¥ MOBTOPSIETE ONBIT MATH Pa3 IS TPy3a OAHOM M TOM K€ MACCHI.

4. I10BTOPSETE ONBIT CO CIECAYIOLIMM I'PY30M.

Tabnuma Nel
Maccam; = ... (ko) Maccam, = ... (xe) | Maccam; = ... (xo)
Ne |1 |2 |3 [4 |5 |1 12 (3 14 |5 1 |2 |3 14 |5
f, C
f]cp (C) fgcp (C) f3cp (C)

5. Ilo ¢opmyne (13) paccumraiiTe MOMEHT MHEPLMH MaXOBUKA, UCHOJIB3Ys
PE3YJIBTATHl U3MEPEHUM TSl KAYKAOTO U3 TPY30B.
6. JIJist OTHOTO M3 U3MEPEHUIA, HATPUMED, IEPBOTO, ONMPEACITUTE a0OCOTOTHYIO
¥ OTHOCUTEJIBHYIO TIOTPEMIHOCTY U3MEPEHUSI MOMEHTA MHEPLIUU
Jlisa onpeaenenus abCONIOTHONW MOTPEMIHOCTH UCTIONIB3YTE Popmyiy:

Ad Am Ah At
+ +—4+2—
m h t )’

rne Ad, Am, Ah, At — rounocts COOTBETCTBYIOLIMAX U3MEPEHUI
J1Jist onpeneaeHusi OTHOCUTENIbHOM MOTrPEITHOCTH UCTTONB3YHTE (POopMyITy:

N, =J,|2

AJ, Ad Am A At
E=—=|2—+—+—+2—
J, d m h t

Pe3ynbTar mpeAcTaBbTe B BHe: J = (J 1 EAJ ) , €1I. U3BMEPEHMSI.

Koumponwhosie eonpocul

1. I'nme npuMEHSIETCS MaxXOBUK?
2. YT0 HA3BIBAOT MOMEHTOM MHEPLIUU TOYKH?
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UTO HA3BIBAKOT MOMEHTOM WHEPLMH Tea?

Kaxk onpenensercs MOMEHT CUIIBI OTHOCUTEINBHO MPOU3BOJIBHON OCK?

UTo Takoe mieqo cuibl?

Kak onpenensercs HanpaBJIeHUE MOMEHTA CUITBI ?

KakoBO OCHOBHOE YpaBHEHHME TMHAMUKHM BPAILIATEIILHOTO ABMIKEHUS TBEPAOTO
Tena?

Kax ¢popmynupyercst 3akOH M3MEHEHUSI MOMEHT KOJIMYECTBA JABH>KCHUSA?
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VITIOBOE CMELIEHHE B MOMEHT BpeMeHH [ onpenmenserca @ = ¢S b ! rme

2
T r_ dasa xoneGanms, & — yrinopas ammuTyaa konebanuii, @ = 0 — nauanbuas
(aza koneOaHusl.

JuddepeHuupys 310 BeipakeHUe N0 {, HAXOIUM YTJIOBYIO CKOPOCTh

dp 2r 2
O =—=—QCc0S—1 (11)

da T T
[Tpn NpoX0KAECHUH TEJIOM TOJIOKEHUSI paBHOBECHS (pa3a KoJIcOaHU CTAaHOBUTCS
PaBHOM HYJIIO U KOCUHYC B IOCJIEAHEM BBIPOKEHUH MPUHUMACT 3HAYCHUE, PABHOE
enuHuLe. Takum 00pa3oM, yriioBasi CKOPOCTh KoJeca NMPU MPOXOKACHNUH MOJIOKEHUS

paBHOBeCHs OyAET PaBHOM

_2na
- (12)
VYUUTHIBAs, YTO KHHETHUYECKAs SHEPIHs BPAIIAIOIIErocs TBEPAOro Tejia paBHa:
_Jo?
Ly = > (13)

Torga MakCUMaJIbHAsE KWHETHUYECKAsI OQHCPIrud Bpaaromerocsa TBCpaoro ejia

paBHa:

2
2o

1 ,
EK=§(J+J) S (14)

!/
rne J n J' — MOMEHTHI HHEPLMH KOJIECA M BCIOMOTATEILHOTO TENA
COOTBETCTBEHHO, OTHOCUTENEHO OCH BPAILICHUSI.
[ToTeHIManbHAs SHEPTUS CUCTEMBI TPHA HEOOJBIIOM €€ OTKIIOHEHUH OT
TOJIOYKEHNUS paBHOBecHs paBHa L = mgh rie m — macca Tena, A — BEICOTA €r0
NOJHSATHUS MO OTHOLIEHHUIO K HAYAIBHOMY MOJIO’KEHUIO, KOTOPas OYJET ONPEacIIsaTCs

. (94
h=d-dcosa =d(l1-cosa)=2dsin* — (15)
2
rae d — paccTosHME IEHTPa TSHKECTH TeNa OT OCH BPAIICHH.
. a o
JIy1st HEOONBIMX AMILIATY ] MOKHO MOJIOKHATE S 5 X

do’*

Torna h= K [ToaTomMy mOTEHUHAIbHAS JHEPT U CUCTEMBI B KpaiftHEM

IMOJIO’KCHHUH PpaBHA

2
o

k= mgTd (16)

Ecnu npeneOpedb cunaMu TPEHUS W CONMPOTUBIICHHS BO3AyXa, TO U3 PABEHCTB
65



(14) m (16) Ha OCHOBAHWM 3aKOHA COXPAHCHUS MEXAHWYECKOW SHEPTHH MOy UM

1 (27 o’
S = | =mg—-d (17)
OTCroaa BbIpa3uM MOMCHT MHCPLIHUHN MaXOBHKa
_mgdl* |,
S (18)

Bce BemMuuHBL B MEPBOM YJIEHE MPABOM YAaCTH 3TOrO BBIPAKEHUS JOCTYITHBI
HETIOCPEACTBEHHOMY U3MEPEHUI0. 3HAYEHUE BCIIOMOTATENIBHOIO TENIa OTHOCUTEIBHO
OCH BpALLCHUS CUCTEMBI HAXOAUM HAa OCHOBaHUM Teopemsl LIITelinepa.

2

' 2 2
Jlist mapuka J' = 5 mr” +md" (19)
rjae ¥ — pajuyc MaprKa
Jlns uunuHapa J'=—mR* +md’ , 20
P 2
rae R — pagmyc umnmuapa
' 1 2 2

Jlns xy6a J' =—ml"+md ) 21

Y 12

rae | — cTopona kyba (J7IMHA CTEPsKHS)

IHopsinok BbINOJIHEHUSA PadOTHI

1. 3anummTe Maccy mapuka, uinHaApa U kyda B Tadauiy Nel.

2. U3MmepbTe IITAHTEHIMPKYJIEM PA3MEPBI BCIOMOTATEIBHBIX TEA W 3aMULINTE
naHHBle B Tabmuiy Nel. 7 — pamuyc mapuka, R — pammyc rmummeapa, [ —
CTOpOHA (BBICOTA) KyOa.

3. 3akpenure TENO0 Ha KOJIECE, B KOTOPOM HMMEETCS OTBEPCTHE, M HM3MEPHTE
paccTosHue d OT OCH BpALIEHUs [0 HEHTPA TAKECTH COOTBETCTBYIOLIETO TENA.

4. Tlo dopmynam (19), (20) u (21) onpenenure MOMeHT uHepuuu J  KaKIOro

Tena.

[ToouepesHO TPOBOANTE OMBIT C IIAPUKOM, LIMJIMHAPOM, KyOOM

6. OTKIIOHMB MAaxOBUK C TEIOM OT TMOJIOKCHUST PABHOBECHS HA YrOJd, HE
npepbimarormii 8 — 10°, onpenenmre Bpems ! 15 — 20 momHBIX KoneOaHHii,
JAHHBIE 3aNUIIUTE B Ta0mmIy N2

T !
7. Haiigure nepuon konebanuii £ = ; JUIS KQKIO0T0 Tena

hd

8. Tlo dopmye (18) onpeaenuTe MOMEHT HHEPIMU MAaXOBUKa J
9. Onpenenute aOCONOTHYIO U OTHOCHTEBHYIO TIOrPEIHOCTD s J

10.3anummnre OKOHYATENbHbIN PE3YIbTAT B BUAC J = (J tAJ ) , €II. I3M.
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Tabnuma Nel

HaszBanue
BeromorarensHoro | M (xkr) | ¥ M) | R ) | T (m) | d (m) | J (xrOmd)
Tena
[lap — —
Lwmnaap — —
Ky6 — —
Tabnuua Ne2

0 — —

el PR EEON A I AP I TN PN

(kM%) | (krOm°) | (kr0M7) | (kM)
[Tap
[wmnaap
Ky0
Konmponsnsie eonpocui

1. Yro takoe MoMeHT nHepuun? [losicHuTe €ro PU3NYECKUii CMBICT

2. Ot 4ero 3aBUCUT MOMEHT UHEPLIMHK TeNA?

3. EnmHuna naMepeHrss MOMEHTA HHEPLUHU

4. BpBEauTe MOMEHT MHEPUMU I OJHOPOIAHOTO AMCKA OTHOCUTENBHO OCH,

NEPIEHANKYJIIPHON €ro MIOCKOCTU M MPOXOJAIIEH Yepe3 ero UEHTP

hd

Chopmynupyiite Teopemy Llreiinepa
6. Kak onpenensercs MOMEHT MWHEPUMM UL  HEKOTOPBIX  TEIT

TOHKOCTECHHBIN IUJIAHAD, MIPSAIMON TOHKHNA CTEP)KEHbD, IIap
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HA3bIBACTCA 8peMeHeM peiaKCayuu.

3aryxaHWe HapylaeT MEPUOJMYHOCTh KOJIEOaHWi, MOATOMY 3aTyXarolue
KOJNeOaHusl HE SIBIISFOTCS TEPUOJAMYECKAMH, W TOHATHE TEPUOAA WM YacTOTHI HE
npuemsiemMo. OJIHAKO, €CIU 3aTyXaHHWE MaJio, TO MOKHO YCIIOBHO TMOJIb30BAThCS
NOHITHEM TEPHUOAA KAaK MPOMEKYTKA BPEMEHM MEXKAY JBYMS MOCIEIYOIAMA
MaKkCUMyMaM¥ (MUHAMYMAaMH ) KOJIEOTIOLICHCS BETMYUHBI (PUC.2).

Haiinem oTHOILIEHHE aMIUIMTY A IBYX MOCIEAYOMUX KoseOanunii. MHaue roops,
HaliieM OTHOLICHWE WX 3HAYCHWH B MOMEHT BpeMeHu {; u {; + T, rae 1 - mepuoa
KOJICOQHWH:

Al _ Aoe_&1 oT

A B Aoe—5(f1+T) —€ (5)
WJIM B OOIIEM BUJIE OTHOUICHUE /1 - U aMIUTATYABI K (1+ 1 )-i:
A, o1
7l — e
y (6)

Ecmn A,, u An+1 — aMIUTUTYAbl JIBYX TMOCJEIOBATENIbHBIX KOJICOAHUIA,

COOTBETCTBYIOLUIMX MOMEHTaM BPEMEHH [, OTIMYAKOMIMXCA Ha mnepuon 7, TO
COOTHOUIEHHE (6) HA3BIBAETCS OeKpeMEeHMOM 3amyXaHusl, a €ro Jorapupm

A
O=In—2 zlne(ST =01 (7)
An+l
JLo2apupmuteckum OexpemeHmom 3amyXanus.

BoiscHuM Qu3ndeckuii cMpica BemunH O 1 © | Kosd@uimeHT 3aTyxanus ecTb
¢u3nyeckas BenMuuMHA, OOpaTHas  BPEMEHM PeENakcauuu, B TEUEHUE KOTOPOTrO

aMITYyAa yOBIBacT B e pas, T. €. O =1/7. Jlorapudmudeckue IeKpEMEHT
3aTyXaHus XapaKTepu3yeT YObIBAHUE AMILTHTY IBI KOJIeOAHMI 3 OTUH MEPHOI.

[Tycteb N - yncno koneOaHuid, MOcae KOTOPhIX aMIUIATYAa YMEHBIIIACTCS B € Pas.
Torga 7 = NT

T 1
O=56=—=— (8)
T N
Jlorapumuueckuii nekpeMeHT 3aryxanus © ecTh (u3HMueckas BENTUUMHA,

oOparHas 4Kclly KoJeOaHuid NV, o HCTEYEHHH KOTOPBIX aMIUIATY 1A YOBIBAET B € pas.

Onucanue npubopa, év1600 pacuemHou QopmyJivol U ROPAOOK 8bINOJIHEHUA
padomol

Onucanne npubopa. /{nsg onpeneneHus IEKPEMEHTa 3aTyxaHus B padore
NPUMECHEH MAiTHUK Ha JIByX noaBecax UIMHOH B 1,5-2 M (puc. 1). budunsaperiii
NOJIBEC MCMOJB30BAH JJSl TOrO, 4TOOBI MOJMYYHTh KOJEOaHWsT MasTHUKA B OJHOM
IJIOCKOCTH. /I yBENMYEHHWs 3aTyXaHuss MasTHAKA HA HEM MMEETCS JMCK,
3aKPEMJIEHHBIA TAK, YTO €ro IJIOCKOCTh MNEPINECHIMKYJISIPHA TUIOCKOCTH KayaHHs
MasiTHUKA.
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Bpewms uzmepsercs ¢ NOMOIIBIO CEKYHAOMEPA.

H3Mepenunst aMmumuTy 1 KoJieOaHWi MasiTHUKA BEAYT MO IIKAJIE, PACTIONOKEHHON
BHU3Y MasiTHUKA.

IHopsinok BbINOJIHEHUsT Pa0OTHI.

Yacrp 1. Onpeaencnue neproia KojacOaHusi MasTHUKA.

[lepwon koneGaHuss MasSTHHKA 0OpH MaJoM Ko3(pHUUIMEHTE 3aTyXxaHus
NPAKTUYECCKH HE 3aBHCHT OT aMIIUTYAbL. UTOOBI yOEIWUTHCA B 3TOM, OTKIIOHUTE
MasITHUK OT MOJOXKEeHUs paBHOBecHs Ha 10-25 cm. Ilocne 2—5 koneGanuii B MOMEHT
MPOXOXKICHUS YKA3aTeNsl MAasATHUKA 4YEPE3 IMOJIOKEHUE PABHOBECUS BKIHOUYMTE
CEKYHIOMEDP W, HAUWHAS OT HYJIs, HAUMHANTE BECTU CYET MOJIHBIX KojeOaHmid. Tak
onpeaenstot Bpems 10—-20 mosHbiX KoeOaHuii MasTHHKA.

W3mepuB, BpemMss M KOJMYECTBO TMOJHBIX KOJNEOAHWW, HAWAMTE NEPUOA
kojebanuii no popmyse:

t
_h
T =-=L
N )
e ¢; — Bpems (c), IV — uncio noiHeIX KoneOaHHil.
Korma amnmmryna koneGanmii gocturHer 5 — 10 cM, CHOBa MOBTOPSIOT

ONPEMIETIEHNE TIEpUOaa KoneOaHmii, T.e. Haxoad BpeMs #; npu N  1ONHBIX
KONeOaHusAX (CTOJIBKO K€ TOJHBIX KOJeOaHWi), Kak M B NEPBOM Clyvyae, H
OIIPEAETIAOT NEPUO.

OneIT HE0OX0AMMO TOBTOPUTH 3 — 5 pa3. JlaHHble 3aHecTH B Tabmuiy Nel

TaGnuna Nel
No | Ywmcno nonHbx koneOanuii N Bpewms 1 (¢) | Ilepuon 7'(c) 1. (C)

NI | —

Yacre 2. OnpeiecneHue JOrapuMUUECKOro aeKpeMeHTa 3artyxanus © wu

ko> urmentTa 3aTyxanus O .

UToOBl OMpEACHUTh JIOTapU(PMUUECCKUA NEKPEMEHT 3aTyXaHWs, HEOOXOIUMO
HAlTH aMIUIMTYABl KOJeOaHWA. AMIIMTYABl KOJECOAHWH OMPEACTSIOT TOJBKO MO
OJIHY CTOPOHY OT TIOJIO)KEHUS paBHOBECHs (IOMyCTHM, cmpasa). Jmus 3Toro
OTKJIOHUTE MaATHUK HA 30 — 40 CM M HAYMHUTE MOCIEAOBATEIBHO ONPEAECTATH 1O
mIKaJie 3Ha4YeHWs aMmmuTyn (mocratouno 20 — 30 ammmrtyxn). 3anumimre
MOJIyYeHHbIC 3HAUCHHS: Ap = ... (cM), A1 = ... (cM), Ay =...(cM), A3 = ...(CM) U T. 1.

[TocTpoiite rpaduk 3aBUCHMOCTHM aMIUIMTYAbl OT BPEMEHU (MEPUOJIBI
konebannit) A= f(f).

Paccuuraiite norapugmMuueckuii IEKpEMEHT 3aryxaHus. J[OCTaTOYHO NATH
3HAUEHUH JIOrapu(PMUIECKOTO JEKPEMEHTA 3aTyXAHHUS:
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3peck In— marypaneheiit norapugm.

[Tony4eHHbIE 3HaUCHU 3aHECUTE B TAOIMIY Ne2 1 pacCUMTaiTe MOrPEIIHOCTb.

Tabnura Ne2

Jlorapu(pMuyeckmii IEKPEMEHT 3aTyXaHUs

C

]

A®

A®

£(%)

NI | —

Sns W=

~

Sanummre pesystar; © = (0 +AQ)

Onpenenure kodPPUUUEHT 3aTyXaHus O

5=

P

3anuinuTe aHAIMTHYECKUM 3aKOH U3MEHEHUS AMILINTY bl

An — Aoe—5t

Koumponvhbie eonpocul

Yto Takoe KoieOaHus?
[Tepeuncante BUBI KOJICOAHMM

Kakue xonebanusi Ha3bIBAKOT FAPMOHUYECKUMHU

Hanuimre ypaBHEHNE rapMOHUYECKUX KOJIEOaHU

Kak onpenensercs nepuos koedanuit

Kakue xonebanusi Ha3bIBAOTCS 3aTyXaOUMMA? Y PaBHEHHE 3aTyXAOIIAX

KOJIeOaHuii

Uto Ha3bpIBacTCA JOrapuPMUUECKAM JEKPEMEHTOM 3aTyXaHUs
KaxoB ¢puznyeckuii cMbicit KoaprunmenTa 3aTyxaHus
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COCTOSHHE HACANBHOTO Ta3a ONpEeNseTcs BENMUMHON ero odmema b (M?),

napnennss P (ITa), Ttemneparyper [ (K) m wmaccel 7 (kr). COOTHOIEHHE,
CBA3BLIBAIOLIEE OTH IAPAMETPhl, HA3BIBAIOT YPABHEHMEM COCTOSHHS — rasa.
VpaBHEHHEM COCTOSHUS WICABHOIO rasa sBISETCS YypaBHeHHE MeHereesa-
Knaneipona:

Py =""RT 0
M
rae koucranta R = 831 J/(mMonb-K) — yHuBEpCaNbHAS ra30Bas NOCTOSHHAsA, M —
MOJIIpHasl Macca (Macca OJJHOTO MOJIS BEIIECTRA).

H3MeHeHne COCTOSHMA ra3a (CUCTEMBI) CBSI3aHO C M3MECHEHUEM €0 SHEPIHH.
Cyl1ecTByeT Ba pa3IMYHbIX COC00a U3MEHEHHS BHYTPEHHEH SHEPIHH CHCTEMBI. C
W3MCHECHUEM BHEIIHUX NapaMeTpoB (pabora) M 0€3 M3MEHEHUs 3TUX NapaMeTPOB
(rerora). [Ipn mepBoM M3 3THX CMOCOOOB (C U3MECHEHUEM BHEIIHUX MAPAMETPOB)
W3MCHECHUE BHYTPECHHEH SHEPrUM CUCTEMBI MPOMCXOAWUT 34 CYET MEPEMEILCHUS
BHEUIHUX TEJI, BO3ACHCTBYIOIMX HA CUCTEMY, WIA M3MEHCHHEM IECHCTBYIOIIMX HA

CHCTEMY BHEINHUX Nojeil u HaswiBaerca padoroit A (JIx). Ilpu BrOopoM crocoGe
WU3MCHEHUS BHYTPEHHEH SHEPIHH CHCTEMBbI (0€3 M3MEHECHHsI BHELIHUX MMAPAMETPOB)
HE MPOUCXOAUT MEPEMEIICHUI BHEIIHUX TEJ WM W3MEHEHUN NENCTBYIOIIMX HA
CUCTEMY BHEIIHMX TMOJICH, T. €. HE COBEPIIACTCS MAaKpPOCKOMMYeckas padora, a
BHYTPEHHSISI SHEPTUsl U3MEHAETCA. DTO BO3MOXKHO, €CJIM paccMaTrpuBacMas CUCTEMA
MPUBOJMUTCS B TEIJIOBOM KOHTAKT C JAPYTMMH TEJIaMH, UMEIIUMH TEMIIEpaTypy,
OTJMYHYIO OT TEMIEPATYPbI CAMON CUCTEMBI — TENMI000MEH. OOMEH SHEPTUEN MEXKTY
TEMAMH OCYLIECTBIIIETCS TEMIONPOBOAHOCTBIO, TUOO U3ITYUYECHUEM.,

KonuvecTtBo sHEprum, nepeaaBacMoe OJHUM TEJIOM JPYyroMy B MpoLecce

TerooGMeHa, HasbiBaeTest konuuecmeom menionvi O (JIx).

3aKOH COXpaHEHWs M TPEBPALICHHsS HECPIMM B MPUMEHEHUM K TEMJIOBBIM
MPOLECCAM HA3BIBAKOT NEPBbIM HAYATIOM MEPMOOUHAMUKU.

Ilepsoe navano mepmoounamuxy: TEMIOTA, COOOIIAEMas CHCTEME, PACXOLYETCs
HAa M3MEHEHHE €€ BHYTPCHHEH HDHEPrUM WM Ha COBEPLICHUE €10 PabOThl MPOTHB
BHELITHUX CHJI.

O=AU+4 )

BelpaxxeHne (2) Ha3bIBAKOT AHAIMTUYECKUM BBIPAKCHHEM NEPBOrO 3aKOHA
TEPMOJUHAMMKK.  3JTO  COOTHOLIEHWUE  YCTAHABIMBACT, 4YTO B  JIAHHOM
TEPMOJANHAMUYECKOM TPOLECCE TEIUIOTA PACXOAYETCs B JBYX HAINPABICHUAX: Ha
W3MCHEHUE BHYTPEHHEN SHEPTUU U HA COBEPIIEHUE BHEIIHEH paOOTHI.

Hpyras GopMyJIHpOBKa NMEPBOr0 Haydajla TEPMOJMHAMUKU CBS3aHA C TEM, YTO
€CIIM CHCTEMA MEPUOAMYECKH BO3BPALIACTCS B IEPBOHAYAIILHOE COCTOSIHHE, W

cnemoBatensio AU =0, 10 A=0, 1. e. geunwviii dsucamens nepsoco pooa —

NEPUOAMYECKA JACHCTBYIOIIMIA ABUTaTENb, KOTOPBIA coBepian Obl OOMbIIYI0 padoTy,
4eM COOOIIEHHAs €EMY U3BHE DHEPrusi, — HEBO3MOKEH.

JIsi  XapakTepUCTHKM TEIUIOBBIX CBOWCTB BEIIECTBA BBOAMUTCS TMOHSTHE
TEIJIOEMKOCTEN . TIOJTHOM, YAEIBHONW, MOJISPHOM.
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Voenvnas menioemxocmes BelecTBa C— BEJIMYMHA, PABHAS KOJIMYECTBY
TEIIOTHI, HEOOXOAUMOMY AJist HarpeBanus 1kr BemecTsa Ha 1K:

.0
 mdT (3)

Mounspnas menioemxocms BEIECTBA Cﬂ — BEJIMYKMHA, PaBHAs KOJIMYECTBY
TEIIOTHI, HEOOXOAUMOMY JIJIsl HarpeBaHusi 1Monb BemecTBa Ha 1K:
_ o
“ O vdr @
Emvanna ynensHOR 1 MOJIIPHOHM TEIMITOEMKOCTH COOTBETCTBEHHO JIk/(kr 1K),
JIx/ (Mo [IK).

TemmoeMKOCTh MOJIS BEIICCTBA C/u U yAeabHad TEHJIOCMKOCTb C CBS3aHBI

coorHomennem:; C u—CH

Paznmnuaror TennoeMKoCTH IIpu MOCTOAHHOM 00BEME M TTOCTOSTHHOM JaBJICHHUN,
CCJIn B IIPOHCCCC HAI'PpCBaHMA BCHICCTBA CIo 00BEM HITH AABJICHUC HOAACPIKHUBACTCA
MMOCTOAHHBIM.

W3 nepBoro Havyajia TepMOIMHAMHUKHA o0 = dU+06A4 , C Y4ETOM 0A= pa’ Vou

_ o

Cu = LT > 1A 1 MoJtb rasa nojty wum
Cdl =dU +pdl, (5)

[Ipu V' = const pabora puenmux cun papua nymo 0 A =0 u coobmaemas rasy
M3BHE TEIJIOTA UIET TOJBKO HA YBEIMUEHHE €TI0 BHYTPEHHEN SHEPIun

C, =
YT ©)

CV paBHa U3MCHCHUIO BHYTpeHHeﬁ OHCPIrun 1 MoJib raza IIPHU IMOBLIMICHHUH CT'O

temreparypel Ha 1 K.

UucneHHble 3HAYEHUs YACIBHBIX TEIVIOEMKOCTEN MOJIA ra3a 3aBUCAT OT COCTaBa
MOJIEKYJI. DTy 3aBUCUMOCTh MOKHO ITOKAa3aTh, BBIPA3UB TEIUIOEMKOCTH YEPE3 YMUCIIO
cTeneHei ¢cBOOOIBI MOJIEKYII [ .

Yucnom cmeneneii c600600vl i HA3bIBACTCI HAMMEHBIIEE YKMCIO HE3aBUCHUMBIX
KOOPAMHAT, KOTOPOE HY>KHO 3a1aTh Ui TOTO, YTOOBI OMPEAEIHUTH TMOJOXKEHHE
MOJIEKYJIBI B ITPOCTPAHCTBE. /{1151 OJHOATOMHBIX ra30B I = 3, 7S ABYXaTOMHBIX [ = 5,
JUTSL MOJIEKYJ TpeX U 0osee aTOMHBIX Ta30B i = 6. Cyxo# Bo3ayx Ha 99 % cocTout u3
JBYXaTOMHBIX MOJEKYN (MomspHblii coctas: 21.0% kucnopona, 78.1% azora, 0.9% —
ocTanbHble ra3el). Takum o0pa3om, Ayt OONBIIMHCTBA MOJIEKYJ BO3JyXa NpH
KOMHATHOH TEMIIEPATYPE YUCIIO CTENECHENW CBOOOIBI PABHO 5.

ITockobKy du u 1/2RdT | 1o
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C=2R (7)
[Tpu p = const  to
auv, pdl,
P + (8)
dI’  dr

dU

7
dT Cp HC 3aBUCHUT OT BHAA IIPOLCCCa U BCCI'Ia paBHaA CV

Huddepenmpys ypaBHenue Menaeneepa-Kialinepona pV# =RT noT npu
p = const  nonyunm

C, =C, + R - Ypasuenne Maitepa 9
i i+2
Cp:§R+R:_2 R (10)

W3 ypaBHeHuss Maiiepa BUIHO, 4TO Cp >C, . OBBCHIETCS 3TO TEM, 4YTO B

M30XOPHOM TMPOLIECCE BCE TEIUIO MEPEXOAMT BO BHYTPECHHIOK JHEPrHIO raza, a B
n300apHOM - YacCTh TEIJIa UACT HA COBEPIIEHUE PaOdOThI, M3-3a 3TOTO a3 HATPEBACTCS
MEHBIIE U HYKHO OOJTbIIEE KOJIMYECTBO TEIMJIOTHI, 4UTOOBI HArPeTh €ro Ha 1 rpaayc.

Hsmepenne Cp 1 ocoberro C) rasa OMBITHBIM IyTEM MPOU3BECTH TPYIHO, T.K.

TETJIOEMKOCTh JAHHOM MAacChl raza COCTABJSET HUYTOXKHYIO JIOJIHO TEMJIOEMKOCTH
COCyJla, B KOTOPBIH ra3 3akitoueH. M3MepeHue OTHOMICHUS TEIUIOEMKOCTEH JaHHOTO

C
_ P
razsa /' = C_ IIPOU3BECTH MPOLLE.
V
Cp
OtHo1eHne C_ Bceraa OOJIbIIE €IUHUIIEL
V
C  i+2
y=—=—>I B
c "2 (11)

KoapduumeHnt 7 BXOOUT B LEHbIA psAd ypaBHEHWH TepMoauHamMuKu. OH

3aBHCHT OT YMCJIA CTENEHEH CBOOOABI MOJIEKYJ, M3 KOTOPBIX COCTOWT ra3. JTOT
KO3((PUIMEHT HA3BIBAKOT — K02 puyuermom Ilyaccona.

C

P
OtHo1eHue C MOXKHO ONIPCAC/IMTL, IMPOBOAA Had I'a30M a,Z[Ha6aTH‘{eCKHﬁ
V

IIPOLIECC.

Aouabamuveckum npoyeccom HA3BIBAKOT MPOLECC, TP KOTOPOM OTCYTCTBYET
TerooOGMeH MeXy cucteMoii u okpysxaromeii cpenoii (00 =0). Dro ouens
OBICTPBIN mporece, YToObl HE MPOMCXOAWI OOMEH 3HEPIHidl ¢ OKPYXKAKOUICH Cpeaoid,
Hanpumep O0Opa3oBaHME TyMaHOB, OOnakoB. [l MPOTEKaHHWs TakOro mporecca
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HEOOXO0IMMO, 4TOOBI r'a3 ObLIT OKPY>KEH COBEPUICHHO HETETIONMPOBOIHBIMU CTCHKAMH,
T.€. TOMEIIEH B TECIUIOHEMPOHULIAEMYIO (aauabaTudecKyr0) 000m0uKy. Takux CTEHOK
HE CYIIECTBYET M MPAKTUYECKH MPOIECC MOXKHO CUMTaTh aauadaTuyecKuM, €Ciu
C)KaTHE WM PacUIMPEHHME rasza MpoTEKaeT TaK ObICTPO, UTO TEMJIOOOMEH C BHELIHEH
Cpenoil He ycreBaeT NPOM30UTH. AnradaTHUYeCKuil MPOILECC B TEXHUKE UCMOJB3YIOT B
OTHETYIUUTENAX, JAW3EIbHBIX JBUraTeisiX, B ULUKIAX JBUTATeleld BHYTPEHHETO
CTOpaHMsl, XOJIOJIMJIbHBIX YCTAHOBKAX U T.J.

[lepBblit 3aKOH TEPMOJIUHAMUKN TPUMEHUTENIBHO K a1iadaTHuECKOMY MPOILIECCY,
3aMUIIETCs TaK:

dU+dA=0 (12)
U3 (6) u (12) cnenyer, 4to
d4d=-C, mdI"

T.€. paboTa anauadaTU4YeCKOro pacIIMPEHUsT COBEPIIACTCS 3a CUET YOBUIH
BHYTPEHHEH sHepruu rasza. CiieqoBarelibHO, €CJIM Ta3 pacliupsercs: aauadaTuuecky,
TO €ro TeMIeparypa NajaeT, €Ciiv CAKUMAETCS, - TO MPOMCXOIUT HATPEBAHUE ra3a.

JlapneHue MaHHOM Macchl ra3a COrJlaCHO ypaBHEHHIO (1) 3aBUCHT OT o0beMa U

TEMIEPATYPBI
"/ RT
y7

p= (13)

Ecu TeMIeparypa ra3a BO BpeMsl MPOLECCa OCTAETCs MOCTOSHHOM 1 = const
(M30TEPMUYECKUI MPOIIECC), TO JAABJICHUE M3MEHSETCS OOpPaTHO MPOMOPIMOHATIBHO
ero o0wvemy. M30TepMHYECKHil MPOIECC B ra3e OMUCHIBACTCS 3aKOHOM bois-
Mapwuorra:

PV = const (14)

VYpaBHEHHE anMa0aTHYECKOr0 MPOLECCA, CBI3BIBANOIIEE NABICHHE ra3a C €ro
00BEMOM — ypasHenue [lyaccona, AMEET BUJI:

PV7 = const (15)
Y — roahpuyuenm aouabamei, ko3pPunment Ilyaccona

BHemrHre cuitbl, CkuMas ra3 aauadaTuyecku, COBEPINAOT padoTy M MPH 3TOM
TeMIeparypa ra3a yBeauuuBaeTcs. B pesynbTare JaBjieHHE B ra3e pacTeT ObICTpee,
yeM MpU M30TEPMHUUECKOM Tpoiiecce. Jluarpamma aamabaTtuyeckoro mpoiecca —
aquabata B KoopauHarax (p,)) wuzoOpaxaercs runepOosoi (puc.2) Anmadara

(00 =0) wu3o6pakaercst Gonee KPyTO KPHBOM [O CPABHEHHIO C HM30TEPMOL

T =const. Dto oOBACHAETCS TeM, 4YTO MpPH amuadaTM4ecKoM ckartuu 1-3
YBEIIMUYEHUE TABJICHUS ra3a 00yCIOBICHO HE TOJBKO YMEHBIICHHEM €r0 00BbEMA, HO U
MOBBILLICHAEM TEMIIEPATY PBIL.
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orBepctre K3 mnotHO 3akpeiBacM mpoOKo#, mpu nomomm Hacoca H HakaumBaem
BO31yX B OauioH b 10 nmonyuyenust pasHocTH ypoBHER manomerpa 25-30 cm. Tlocne
YEro 3KUM Z, 3aKUMacM.

[Ipn HakaumBaHWMM Macca BO3yXa, 3aHMMAOIIAs NEPBOHAYAIbHO OamioH b,
COKIMAETCsl 10 HEKOTOPOTO MEHbIITero oobemMa V) . Tak kaKk HakauMBaHHME TIPOMCXOIUT

3a Majblii TPOMEKYTOK BPEMEHM, TO C)KaThe rasza aauadatHo (0e3 TemnooOMeHa C
OKpyXaromei cpemoil) W Temmeparypa rasa HEMHOro moBbimacetcs. HyxHo
NOJO0KAaTh, MOKa B Oa/JIOHE BO3AyX MPUMET KOMHATHYIO TEMIIEparypy, a 3TO
BBIPA3UTCS TEM, YTO Pa3HOCTb YPOBHEH MaHOMETpa MEPECTAHET YMEHbLIATHCS.

Teneps COCTOSIHME Ta3a B OalIOHE XapaKTepu3yeTcs BemmumHamu Vi, P 1, rie

P = P, +h . Hazoem 5T0 COCTOSHHE EPBHIM.
3areM OBICTPBIM JIBHXKEHHEM OTKphIBacM oTBepcTre K3 M, Kak TOJMBKO pa3HOCTh
VPOBHEW MAHOMETpA CHENACTCS PABHOW HYJIIO, TUIOTHO €ro 3akpoem. [Ipu 3TOoM 1a3

aauadaTHO pacmupACTCa OO0 HCKOTOPOro o0bema V. , AdaBJIICHHUC IIaJgacT a0

aTMoc(epHOTO AaBJICHUS P, , TEMIEPATypa MOHUKAETCS HU’KE KOMHATHOM 1 <T,.
Pacumpsisice 6€3 moctyna Temia, BO3AyX MPOW3BOAMT pabOTy 3a CYET CBOEH
BHYTPECHHEH SHEPTUU. DTUM U OOBACHAETCS TOHUKEHUE TEMIIEPATYPHI.
Btopoe cocrosHue Bo3ayxa B OalJIOHE XapakTEPU3YETCS  CIACAYIOIUMUA
BEJIMUUHAMU: VZ, po,Tl.

HemenneHHo mocne TOro, kak 3akpeiBacM orBepctue K3, HaumHaeTr BHOBB
BO3HHMKATh PA3HOCTb YPOBHEH MAaHOMETpA. OTO TMOKa3bIBACT HA BO3PACTAHUE
JABJICHUS. BHYTPH OaJlJIOHA, BBI3BAHHOTO HArpEBAHMEM BO3AyXa B OauIOHE 10
KOMHATHOW Temmeparypbl. (OKHAmacM, NOKAa Pa3HOCTh YPOBHEH yCTAHOBUTCHL

O0603Ha4NM €e hl .
B TpeTheM COCTOSHHH ra3 UMeeT 00beM V5 , masnenne P, , temmeparypy 1 .
[lepBoe cocTosiHUE - V.1,
Bropoe cocrosHue - Vs, by 1,

TpeTbe cocTosIHUE - Vza ppT()

[lepexon M3 MEPBOTO COCTOSIHUSI BO BTOPOE SIBJISICTCS aa0aTHBIM TIPOIIECCOM,
TIOATOMY 3JIECh MOYKHO BOCTIOJNTb30BaThCs ypaBHEHUEM [lyaccoHa:

pV = pVy (16)
Ortky na:

B_(nY

[ w

[lepexox W3 MEpPBOrO COCTOSHUSL B TPETbE MOXKET OBITH OCYIIECTBIICH
M30TEPMHUYECKH, T.K. TEMIIEPATypa rasa B 3THUX COCTOSHUAX OAuMHAaKoBas. K Ttakomy

Tepexo Iy MOYKHO IPUMEHHTH 3aKkoH Boitns—Mapuorra: PV = P,V
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Ortky na:

b _n
P ®
[ToncraBum Beipakenue (18) B (17), momyuum
A_(n)
B\ p, (%)
JlorapudMupysi 510 BeIpakerue, nmeenm: 18 Py —1g p, = (lg p—lgp, ) Y um
) lgp —lgp,
lgp —lgp, 0

Eciu Py, Py> P, Mano oTidyaroTes APYr OT JApyra, TO Pa3HOCTh JIOrapu(h)MoB

OPSIMO MPONOPLMOHAIBHA PA3HOCTH YMCENL, T.K. h U /1; MaJTbl O CPaBHEHMIO C Py .
B nanHoit paboTe 370 yCIOBHE BBIMOJIHIETCS, T.K. /1 U /1; MaJibl IO CPABHEHUIO C

P, . CriemoBarebHO, MOKHO HAITACATS!

_ P D
y=———— (21)
b~ D
Tak kak p1=po+h p2:p0+h1:TO
_h
7_1’1—]’11 (22)

IHopsinoxk BeIno/HEHUs1 paGOThI

1. OtkpeiBaem oteepeTue K3.

2. IlmotHO 3akpeiBaeM oTBepcTHE K3 M Npu NOMOIIM TPyLIM HAKAYMBAEM
BO31yX B OaJUIOH.

3. 3axuMacM 3aKkUM Z, U BBDKMJAEM, NMOKA PA3HOCTh YPOBHEH B MAHOMETPE
YCTAaHOBUTCS. 3aMUCHIBACM MOy YCHHOE 3HAYCHUE /1 B TAOJIHILY.

4. OrkpeiBacM oTBepcTHE K3 M KaKk TOJNBKO CPAaBHSIOTCS YPOBHH YKHUIAKOCTH B
MAHOMETPE, BHOBb IUIOTHO €r0 3aKPHIBAEM.

5. BeDKHIaEM, MOKA YCTAHOBUTCS MOCTOSIHHAS PA3HOCTh YPOBHEH B MAHOMETPE
Y €€ 3HAYEHUE /1; 3aUCHIBACM B TAOJTHUILY.

6. [1o gpopmyne (22) BeIUMCIIsIEM BETUYKMHY ) .

OneiT HEOOXOAMMO TPOBECTM HE MEHEE NATH pa3. Belumcourte cpennee
3HAYCHHE ), a TaKKEe CPEOHIOK aOCONIOTHYK) W CPEAHIOK OTHOCHTENBHYIO

norpemHocT. M3Mepenus 3anuimre B Tabmuigy Nel.
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TaOmmma Nel
€ (%)

Ne | & (cm) h; (cM) v

I
>

3
>

|

WD [

3anummTe pe3ynbTar B BUAE. /= (7/ tAy )
CpaBHHTE CpeHEE 3HAUCHHUE ), MOJYYEHHOE OMBITHBIM IMYTEM CO 3HAYCHUEM,
i+2
IOJYYEHHLIM TIPH TEOPETUYECKOM pacuere mo (opmyiae /' = —l. (cuuTath, YTO

BO34YX COCTOMT U3 IBYXATOMHbLIX MOJ'IeKy.H)

Koumponvhbie eonpocel

1. JlaitTe onpeneieHne BHYTPEHHER SHEPTUU

2. HazoBute cnocoObl N13MEHEHUSI BHYTPEHHEH SHEPTUN CHCTEMBI

3. YpaBHEHUE COCTOSTHUS ra3a

4. JlaiiTe MOHATHE YAETBHON U MOJIIPHON TETIOEMKOCTH

5. Envnuna uaMepeHus TeEnIoeEMKOCTH

6. Kax ¢popmynupyeTcs nepBoe Hauano TEPMOAMHAMUAKH?

7. Kakum ypaBHEHHEM OHO BBIpAXKAcTCs?

8. Yto Takoe 4Krcno creneHeil cBo0oabl?

9. Uemy paBHA TEIJIOEMKOCTh ra3a Mpu M30TepMuueckoM mnporecce? [lpu
n300apuveCcKOM mporecce?

10. YpasHenue Maiiepa

11. [Touemy TENIOEMKOCTh Tra3za MpH WM300apUUYECKOM Mpollecce OOJbIIE
TEIJIOEMKOCTH 3TOI0 XK€ Ta3a MPHA U30XOPHUECKOM Iporecce?

12. Kaxoii mpouecc HazpiBaeTCs aquabarnyecKkum?

13. Kakum ypaBHEHMEM OnuchIBacTCs aauadarndeckuii mpouecc?

14. [Touemy agmabaTa UAET Kpydye U30TEPMBbI?

15. B uem 3akmrouaercs cymnocte Meton Knemana — Jlezopma? s yero

€r0 UCIOJIb3YHOT?
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JlaGopaTopnas padora 1-10

OIIPEJJEJIEHHE KOOO®OHIIHEHTA BA3SKOCTH BO3/]YXA, PACYET
CPE/THEH JI/THHbI CBOBO/HOI O IIPOBET'A H DO®EKTHBHOI O
JAHAMETPA MOJIEKYJI BO3/[YXA

Ilenv pabompi: SKCNEPUMEHTAIBHO ONMPEACIIUTD KO3IPPUIMEHT BI3KOCTH BO3AyXa U
paccuuTarh CPEOHIOW JIUHY CBOOOMHOro mpodera W S(PPEKTUBHBIA TUAMETD
MOJIEKYJIBI BO3AYXA.

Ilpubopsr u npunaonexcuocmu: cocyj, ¢ BOJOWH, EMKOCTb W CTEKJISTHHBIM MEPHBIH
CTaKaH4MK, CCKYHIOMEP

Teopemuueckue ceedeHus

OCHOBHOE TIOJIOKEHUE MOJIEKYJIIPHO-KMHETUYECKOH TEOPUH CBOAMTCS K TOMY,
YTO BO BCAKOM TENI€ XAOTHYECKH JBIXKYTCS MOJIEKYJIbI, CKOPOCTH, JBWKCHUS
KOTOPBIX OIPENENAOT TEIIOBOE COCTOAHUE Tea. M3BECTHO, YTO IPU TeMIlepaTypax
NOPsKa KOMHATHOM CPEAHEKBAAPATUYHAS CKOPOCTh MOJIEKYJT Bo3ayxa Onu3zka k 500
M/c. Ecmm 3T0 Tak, TO BO3HMKAECT BOMPOC, IOYEMY 3alMaxh B BO3JAYXE
pPaCMpOCTPAHSIOTCS  CPABHUTEIBHO MEUIEHHO. JTO  OOBACHACTCA TEM, UTO
BCIICJICTBUE CTOJIKHOBEHUH JPYT C APYTOM MOJIEKYJIbI MEPEMELIAIOTCS HE BCE BPEMS
OPSIMOJMHEMHO: BECh WX MYTh SBISETCS 3HMr3arooOpa3HbIM, COCTOSIAM W3
OTJEJIBHBIA TPSIMOJMHEHHBIX OTPE3KOB MyTH (MEKIAY coyaapeHusimMu). M3meHeHue
HaIPABJICHUS JBW)XCHHMS HA 3aMETHBIA YroJl MOJA ACHCTBHMEM HAPYrOM MOJEKYIIbI
HA3bIBACTCS CTOJKHOBEHHEM MOJIEKYJ. MIMEHHO C TakvMM TOHATHEM CTOJIKHOBEHMS
CBA3aHA BEIWYMHA, KOTOpAs XapAKTEPHU3YET pasMepbl MONEKYI. (Cpeoweil OauHoll

800001020 Npobeed </1> MOJIEKYJIbI HA3BIBAETCS CPEIHEE PACCTOSTHUE, IPOXOAUMOE

MCXKOY MOCICAOBATC/IbHBIMH  CTOJIKHOBCHHMAMHK €C € APYIHMH  MOJICKYJIaMH.

Dppexmusnviii Ouamemp monexyist d — 3T0 MUHHUMAILHOE PACCTOSHHE, HA
KOTOpPO€ CONMMKAFOTCSI TPUA CTOJIKHOBEHMHM LCHTPBHI ABYX MOJIEKYN. O((PEeKTUBHBIN
auaMeTp OOMbIIEe HCTUHHOTO M 3aBUCUT OT SHEPTUU MOJIEKYJI, & CIEA0BATENBHO, U OT
TEMIEPATYPHI.

CormacHO  MOJIEKYJISIPHO-KMHETUUYECKOH TEOPUM  XAaOTHYECKOE JBHIKCHUE
MOJICKYJT SIBASIETCS  (PUBMYECKOM MNpUYMHONW HAOMIOMACMBIX B Tra3ax SIBJICHHMA
NEPEHOCA: IEPEHOC SHEPIHH MPU BBIPABHUBAHUM TEMIIEPATYP (TEMIOMPOBOJHOCTS),
NEPEHOC MAcChl MPU BHIPABHUBAHWM IUIOTHOCTH (AM(QPy3usl) U NEPEHOC MMITYJIbCA
(BSI3KOCTB).

B pesynprate 0OMEHAa KOJIMYECTBOM MABHIKCHUS MEKIY CIIOSMH BO3HHKAKOT
CWJIbI BHYTPEHHETO TPEHUS, KOTOPBIE TOPMO3SIT JBHXKEHUE OBICTPOrO CJOS W
YCKOPSIOT ABM)KCHHUE MEIJICHHOTO, YTO MPUBOJUT K BBIPABHUBAHUIO CKOPOCTEH. DTO
SBJICHUE HA3BIBACTCA BHYTPEHHUM TPEHHUEM, WJIM BSA3KOCTBIO Taza (kKuakoct). Cuma
TPEHMSI MEXKAY CJIOSIMU PABHA:
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Av

F=n—AS ’ (0
Ah

rae 77 — ko3(pPUIHMEHT TPOMOPIUOHAIBHOCTH, 3aBHUCSIIMA OT pojaa rasza

Av

(’KMKOCTH ), Ha3bIBACMBII KO3 (DPUIMEHTOM BA3KOCTH, UM MPOCTO BA3KOCTHIO; A

— rpaauent ckopocty; AS — momans conpukocHOBeHHs cioes;, [ — cuna Tpenus,
HAMpPaBJICHHAs 10 KACATEIbHON K MOBEPXHOCTH CONPUKOCHOBEHHS coeB AS .

Av
[Tomaras, ato AS =1wm%, = =1¢"

Ah
MOJTyUHM:
F=n 2)
T.. KOI(DPUIMEHT BA3KOCTH UHMCIEHHO paBEH CHWJIC BHYTPEHHETO TPEHMUS,
neficTBytomeif Ha 1 M® IUIOWAAM CONPHKOCHOBEHHS MAPAJUICIBHO IBHKYIIHXCS
CJI0EB ra3a (KUAKOCTH) IPU TPAUeHTe cKopocTH B 1 ¢
JIist ciydas mpoOTEKaHWsl raza /KHAKOCTH/ Mo TpyOe chpaBeayivBa (opmylia
Ilyazeins:

4
r't

8In ’ (3)

rae 7 — paauyc Tpyosl; [ — amuna Tpy6sr; AP — pasHOCTB JaBieHHi HA KOHILAX
TpyObI; [ — BpeMs, B TCUEHUE KOTOPOI'0 Yepe3 MONEPEYHOE CEYCHUE TPYObl MPOXOAUT

V=

00beM raza (KUAKOCTH), PaBHEI V5 71 — KO3(DPULIUEHT BA3KOCTH.

Takum 00pa3oMm, ra3 (GKHJIKOCTb) TEM OBICTpEE MPOTEKAeT Mo Tpyde, 4em
MeHbIIE KOA(PPUIHUEHT BA3ZKOCTH U 4EM OOJIBIIE PA3HOCTH JABJICHUM.

®dopmyna (3) copaBeasivBa B Ciy4yae JIAMUHAPHOTO TeudeHus. Jlamunaproe
meyenue 3T0 TAKOE TECUCHUE, MPU KOTOPOM COCEAHME CJIOM Ta3a (KMIKOCTH) TEKYT
XOTS ¥ C Pa3HBIMHU CKOPOCTSMH, HO MAPAJIJIEIIBHO APYT APYTY (HE MEPEMELIMBASCH ).

Onucanue npubopa, év1600 pacuemHou YopmyJiol U ROPAOOK 8bINOJIHEHUA
padomol

Onucanue mnpuGopa, BBIBOA pacyeTHOWl (PopMyJbl. YCTaHOBKA IS
ONPENCIICHAsS. BA3KOCTH BO3JyXa COCTOMT W3 cocyma 1 ¢ kpaHom 2, mkaimoil 3,
npoOkoil 4, B KOTOpPyr BCTaBiieH kKanwuisip 5 (puc. 1). [lpu 3akpeITOM KpaHe
JABJICHUE BO3AyXa B COCY J€ U B NOMEUICHUH OJHO M TOKE. ECIIM OTKPBITH KpaH TO
BOJA HAYHET OBICTPO BBUTMBATHCS U AABJICHUE B COCYAC OYIET MaaTh.

BenencrBre 3T0ro CKOPOCTb UCTEYEHUS BOBI CO BPEMEHEM YMEHBILACTCS.

Ecnu Ob1 kanwinsip ObUT 3aKPBIT, TO YEPE3 HEKOTOPOE BPEMsI BOJA TiepecTana Obl
BBITEKATh U3 COCY1A.
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rae £ — IIOTHOCTH rasa, </1> — CpeIHss JUIMHA CBOOOIHOTO MPoOera MOJIEKYJI, <U>

— cpenHsis apupMETHYECKAst CKOPOCTh ABMXKCHHSI MOJIEKY I
[TOTHOCTB Ta3a ONPEACTACTCS CIACAYOUIUM BEIPAKEHUEM, KOTOPOES BBITCKAET U3
ypaBHeHus MenaeneeBa—Kiaiinepona

_Pu
RT (6)
M — monaprasg macca rasa, P — naenenue rasa, 1 — aGconroTnad Temmneparypa, R —

YHUBEpCaIbHAs Ta30Basi MOCTOSIHHAS.
Cpennsisi apudmMeTnieckas CKOPOCTb MOJIEKYJT BO3/LyXa HaXOAUTCS 10 PopMmyJie:

SRT RT
ﬂ/— =Lor Q
m %

[ToncraBuB ypaBHeHue (6) u (7) B ypaBHEHUE (5), MOMYUYUM OISl CPENHEN JUTMHBI
CcBOOOHOTO Mpodera MOJIEKYJT BO3AyXa CACAYIOIIECE BEIPAKECHUE:

< l) _ 3n 3nRT 1 8777 RT
p(v) 16P,u\/RT (®)

Jlnsa sosayxa A =28,96-10" ke / mone | R=28,31/c/ mons-K

CooTHOIIIEHNE

1
AN -
< > \/Eﬂ'dzno 9)

MO3BOJISIET HAUTH >(PPEKTUBHBIA JUAMETP MOJEKYJ BO3ayxa. 3Jech My — 4YHCIIO

MOJIEKYJI Ta3a MPU JAHHBIX YCIOBUIX B €MHUIIE 00BEMA.
CornacHo OCHOBHOMY YPaBHEHHIO KHHETUYECKON TECOPHH ra30B

P
Hy = ﬁ (10)

rie k=1,38-10" [inc/ K — nocrosmmas Bonbrvana,
N3 (9) u (10) monyyaem BeipaxeHue it 3P(HEKTUBHOTO TMAMETPA MOJIEKYJT ra3a

(1)

IHopsiaok BeIOJHEHHsI padOThI

1. IlocTaBbTe MOJ KpaH KaKyr-HUOYAb €MKOCTh M OTKPBITH KpaH. J{0XANUTECH,
MOKa BOJA CTAHET BBIJIMBATHCS KATUISIMU.

2. IlopcraBbTe TOA KpaH MEPHBIA CTAaKaHYMK W OAHOBPEMEHHO MYCTHUTE
CEKYHIIOMED.
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W

O 03 O

. Onpenenure AP =p gh rpe h=

. Cpazy e mociie 3TOro 3aMepbTe MOKa3aHWs BBICOTHI BOJBI B COCYIE TO

mkate /, u 3aHecHTE JAHHBIC B Tabnuiry Nel.

. loxknurech, moka B crakaHunke HaOepercs 50—100 oM’ BOJBI.
. 3aKpOHTE KpaH, OAHOBPEMEHHO OCTAHOBUB CECKYHIOMED. 3aNUIIUTE BPEMS

MCTedeHnst BOAbI [ W HOBOE MOKA3AHME MO INKane 7, W sammmmre HTH
3HaueHUs B Tadamiy Nel
_hth

> s — IUIOTHOCTb BOJBIL.

. OnbIT NOBTOPUTH TpH 3 — 5 pas.
. Beraucantb k03 pUIUEHT BI3KOCTH Bo3ayxa 77 no gopmyie (4).
. PaccuuTaiite abCOMOTHYIO U OTHOCUTENIbHYIO MOTPELIHOCTH Jis 77 .

10. Pe3ynbTar 3anummre B BUaE: 77 = (77 T A77) , €lI. UBMEPCHHS.

11. Ucnionw3ys

cpenHee 3Ha4YeHHWE KOA(p(UIMEHTAa BS3KOCTU  BO3AYyXa,
paccuuTaite no popmyse (8) CpeAHIO UTMHY CBOOOTHOrO Mpodera MOJIEKYII.

12. Beruucnute no gopmyse (11) appexkTuBHBINA AUaMETP MOJIEKYIT BO3yXa.

Tabnuma Nel
N[V [ hn [ n [ h]| AP ] 71 [ 7 [ Ap| A7 e
3 2 0
(M) M) | (M) (M) | (H/M) | (©) (HE;DC (Ialle | (TTalJc | (TTalJc /o
) ) )
1
2
Konmponwsnusie éonpocui
1. Yro HazeiBacTCs KOA(HUIMEHTOM BA3KOCTH?
2. 3anucarb GOpMYJTy It CUIIbI TPEHUS MEKIY CIOSMHU raza (KUAKOCTH).
3. KakoBa npruurHa BO3HUKHOBEHUS CUJIbl BHYTPEHHETO TPEHUS?
4. Kakoil puzmueckuii cmbicn kodpunmnenta Bazkoctu? B kakux emununax CHU
U3MEPSIETCS 3TA BEJIMYMHA?
5. HazoBute sBIEHUA EpPEHOCA B ra3ax
6. Uto HazeiBacTCs 3(PPEKTUBHBIM AUAMETPOM MOJIEKYH?
7. Kakas BemuuMHA HA3bIBAETCS CPEAHEHN JUIMHOW CBOOOJHOTO Mpodera MOJEKYIbl?
OT Kakux (PU3NYECKNX BEJIMUYMH OHA 3aBUCHUT?
8. Kakoe Te4yeHune KUIKOCTH HA3bIBACTCS JJTaMUHAPHBIM?
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JlabGoparopHas padora 1-11

OIIPEJIEJIEHHE KOOOOUIIHEHTA BHYTPEHHEI'O TPEHHA
KH/JTKOCTH (BA3KOCTH ZKH/IKOCTH) METO/[OM CTOKCA

I]ens padbomei: 1. I3yunTh SBIICHAE BHYTPEHHETO TPEHMS B JKUIKOCTH,

2. Onpenenuth KO3(PPUIHEHTHI BA3KOCTH KUAKOCTH MeTOI0M CTOKCA.

Ilpubopst u npunaonexcuocmu: COCya C XUAKOCTbIO, MaciuTaOHas JTMHEWKA,
HIAPUKH, CEKYHIOMEDP, MUKPOMETP.

4

Pucynok 1 — Cxema 3KCrepuMEHTANbHOM YCTAHOBKH. 1 — IAJTWHAPUYECKUIA COCY C
YKUIKOCTBIO, 2 — IAPUK, 3 — BEPXHSIS METKA, 4 — HWDKHSSA METKA, 5 — MUKPOMETP

Teopemuueckue ceeoenus

WneanbHas >KUOKOCTh, T.€. >KHJIKOCThb, ABIKYINAACsS O€3 TPEHUS, SBISETCS
a0CTPaKTHBIM TOHATHEM. BCeM pealbHBIM SKMAKOCTSM M ra3zaMm B OOJbIICH WM
MEHBIICH CTEMEHN MPUCYINA BA3KOCTh WM BHYTPEHHEE TPEHUE. Bsaskocmb — BaXKHAs
(PU3UKO-XMUMHYECKAs XAPAKTEPUCTHKA BEIIECTB. BenmmunHa, oOpaTHas BA3KOCTH,
HA3bIBAETCS TEKY4eCThIO. E€ HEOOXOAMMO YyUYMTHIBATh, HAMPUMEP, MPH MEPEKAUKE
JKUJKOCTEH M ra3oB MO TPyOONpOBOAAM, Pa3/IMBKE paCIUIABJIEHHBIX METAIOB,
CMAa3Ke MAIIUH U MEXaHU3MOB.

Bs3kocTh (BHYTPEHHEE TPEHHE) CBOMCTBO KUAKOCTH OKa3bIBaTh COMPOTUBIICHHUE
OTHOCUTEJIbHOMY CJABHMIY CJOEB. BS3KOCTh MpOSIBIAECTCS B TOM, 4YTO NpPH
OTHOCUTEJIbHOM TEPEMEIICHAN CIOEB SKUAKOCTH MEIUICHHEE ABWKYLIMICS CITOM
JKUJKOCTH «TOPMO3WTY» CJIOW, JABHXKYIIMICA ObICTpee, W HA00OpPOT. Bs3KOCTH
00yCITOBJICHA HAJIMYMEM MEXKAY OTICJIBHBIMU YaCTHLIAMK (MOJIEKYJIAMH) KAJKOCTH
CWJI TPUTSDKCHUS, KOTOPbIE MNP NEPEMEIIEHUH OOHOW YacTH SKUIAKOCTH
OTHOCHUTENILHO APYTOi CACP>KUBAIOT ABMXKCHUE CHOEB. OUEBUIHO, YTO BCE JKUIKOCTH
JOJOKHBI  OBITh  BSI3KMMM, TaK KAaK MEXKIY pPEabHBIMM MOJIEKYJaMU  BCETIa
CYLIECTBYIOT CUJIbI HE TOJIbKO MPUTSHKCHUS, HO U OTTAJIKMBaHMsl. PaBHOBECHE MEXKTY
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STUMHU CWJIAMM M OIPEACISIET PABHOBECHOE COCTOSHUE >KUIAKOCTH. Ecimm oauH w3
CJIOEB JKUJKOCTH BBIBECTH U3 COCTOSIHUS PABHOBECHUS M IEPEMELATH €TI0 C HEKOTOPOM
CKOPOCTBIK) OTHOCHTENBHO APYTrOTO, TO CHJIBI MPUTSHKCHUS YaCTHLL OYAYT TOPMO3UTh
3TO JBWIKEHME. BO BCEX peaybHBIX JKMAKOCTIX M ra3ax MPU MEPEMEIEHUN OJHOIO
CJIOS. OTHOCHUTEIIBHO JPYroro BO3HUKAKOT cuibl TpeHus. M. HbrOTOH ycTanoBun
OCHOBHOM MEXaHWYECKMIA 3aKOH Bsa3kocTH B 1713 1. — cuna TpeHUs NOpsSMO
MPOMOPLMOHAIEHA OTHOCUTENBHOW CKOPOCTH JBM)KEHHS TIJIOIIAAM KOHTAKTA CIOEB U
OOpaTHO TPONOPUMOHATIBHA PACCTOSHUED MEXKAY CIOSMU  (MEXKIY LEHTPaMH
IBIKYIIMXCA CJIOEB). OTa CWJIA, HaNpaBlIcHHAs MO KacaTelnbHOH K CIOsM,
HA3BIBACTCS CUJION BHYTPEHHETO TPEHUSL.

dv
F=pn—=5
T dx (1)

dv

rae 7] — IMHAMHYECKUi KO3 PULIMEHT BA3KOCTH, J ~ TPLICHT CKOPOCTH TEHCHHS

JKUAKOCTH, S — MIOWA/b COMPUKOCHOBEHHUS CIIOEB SKMAKOCTH.

Jlunamuueckuti Kosghguyuenm 6sa3xocmuy 3aBUCUT OT MPHUPOJABI JKUIKOCTH M
TEMIIEPATyPhl. Y BCEX XKUAKOCTEH C POCTOM TEMIEPATyphl AMHAMUYECKAs BI3KOCTh
yMeHbIaeTcs (y ra3oB — yBenuuuBaercs). B cucreme CH  auHamuyeckuit
ko3 (puimenT Bazkoctn uamepsercs B [Tackans cexkynaax (ITallc). [Tackanb-cexynaa
— 3TO JTUHAMHMYECKas BSI3KOCTh CPEbI, MPH JJaMUHAPHOM TEUCHHHM KOTOPOM B CIOSX,
HAXOAIIMXCS HAa pacCTOSHUM 1 M, B HampaBjICHUM, TEPICHINKYJISIPHOM TEUYCHHUIO,
noj aedictBueM napicHus casura 1 Ila Bo3HWKaeT pa3HOCTh CKOPOCTEl TedueHus 1
M/cC.

Kpome auHaMHUyecKOM  BS3KOCTHM  JKMJIKOCTH  XapaKTEPU3yeTCs  TaKkKe
KuHemamuyeckoti gsaskocmoio. KodDOUIMEHT KuHEMATHMYECKON BA3KOCTH pPaBEH
OTHOMICHUIO TUHAMMYECKOTO KOA((HUITHEHTA BA3KOCTH K TUIOTHOCTH JKUIKOCTH

Ui

N (2)

B cucreme CH knHemaTnyeckuii kooQQHUIMEHT BI3KOCTH H3MEPSIETCS B M/C.

SIBneHrEe BHYTPEHHETO TPEHWS HWMEET OOJIbLIIOEC MPAKTHYECKOE 3HAUECHUE.
Hampumep, cMazka TpyIMXCs MOBEPXHOCTEH B PA3IMUHBIX MEXAHWU3MAxX IMO3BOJISIET
3aMECHHUTh BHEHIHEE (CYyXO€) TPEHUE 3HAYMTEILHO MEHBIIUM BHYTPEHHHM TPEHHEM
Macia. Bs3KocTe sBAsSETCS BAKHONW (PU3MKO-XMMHYECKOH XApaKTEPUCTHKOW IS
OLICHKH Ka4yeCTBa MPOAYKTOB, COKOB, MACEJI, CHPOIOB, APYTHX MULIEBBIX MPOIYKTOB,
OPOAYKTOB KPOBH U T.A. ONpeaesieHns BI3KOCTH HAILIO IIUPOKOE MPUMEHEHHE TTPH
W3YYCHUM CEAMMEHTAlMM  (OCENaHWsl) 3CPHUCTBIX MOPOMIKOBBIX  MHILEBBIX
NPOAYKTOB, Kpaxmasa, IOpOIIKa Kakao, caxapa ® T.A. Jlig onpenencHus
KO3((PUIMEHTOB BHYTPEHHETO TPEHHS KUAKOCTEH W Ta30B MPUMEHSIOTCS TPUOOPHI,
HA3bIBAEMBIC BUCKO3UMETPAMHM.

OCHOBHBIMH METOJAMHU ONpeAciacHus: Ko3()(PUIHUEHTOB BHYTPEHHETO TPEHUS
apisitotes: 1) meton CTokca; 2) METO KanWLISPHBIX TPYOOK; 3) METO/T 3aTyXarOIIAX
KOJIcOaHUH, COBEPIIAEMBIX JUCKOM WJIM IIAPOM, MOJABEUICHHBIM HA YIPYTrOil HUTH B
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Beipaxkenue (3) HocuT Ha3BaHue Gpopmynsl CTOKca.
JIBU>KyLIMIACS B )KUKOCTH APUK (PUC. 2) HAXOIUTCS MO ACHCTBUEM TPEX CHIT.

1) cuibl Tsokectd P | HampaeneHHON BEPTUKAILHO BHHU3, 2) BBITAIKABAIOLIEH CHITbI
(3akoH ApxuMmena) F,, HampaBneHHOW BEPTMKATBHO BBEPX M DABHOW BeCy
BBITCCHCHHOM IIAPUKOM KMIKOCTH; 3) CHJIbI BHYTPEHHErO TpeHUs (3akoH CTOKca)

Fmp , HAIPABIICHHO BEPTUKAIBHO BBEPX.

1
Fr =57 Pug. 4)
rie d — aMaMeTp Imapuka, L, — IUIOTHOCTh IMapuka, &£ — YCKOPEHHE
CcBOOOHOTO NaJICHUS.
1
F, = g?ffpg,cg, 5)

rac ,09,6 — IIJNIOTHOCTH KUAKOCTHU.
d
F,, =6mnro=6rn EU =37zndv (6)

rae 7] — nuHaMHAYeCKUd KO3(PQPUIMEHT BA3KOCTH, U - CKOPOCTh JABW)KCHUS
HIapuKa.

[Ipn nageHMM B BA3KYHKO Cpely IIAPWK, JBUTASCh YCKOPEHHO, MPUOOpETacT
TaKyK0 CKOPOCTb, TIIpM KOTOPOM CHJIbI, JACHCTBYIOIIME HA HEro, B3aUMHO
VPABHOBEIIMBAKOTCS. B 3TOM ciyyae MMEET paBEHCTBO:

by =k +F,, (7)
1 1
—zd’ =—7zd’ +3mndv =
6 P8 6 P& n (8)
1 (,0 — P ) 2
= \Nw Powe) g
18 L & ®)
Tak kak qBUKCHHE MIaprKa OyAeT PABHOMEPHBIM, TO
/
v=- (10)

t
rae | — paccTosHMe, TIPOiiIeHHOE APUKOM; ¢ — BPeMs MPOXOKAEHHUS MAPHKOM
nytu /.

[TogcraBuB 3HA4YE€HHWE CKOPOCTH HBMXKEHUs wmiapuka (10) B ¢opmyny (9),
NOJIyYMM PACUYETHYIO (POpMyNy sl ONPEAEIICHUs TWHAMUYECKOTO KO3(PPUIIMEHTA
BSI3KOCTH:

1 ('0 uw 10 9f6) 2
= E f gd’t (11)
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Hopsinok BeIMOJIHEHUsI pad0THI

1. H3mepbTe paccTOSHUE MEXKTY ABYMSI METKAMU (HApUMEpP, PE3UNHOBBIMHU
KOJIbIIAMW ) HA LWJIMHAPE, MPEABAPUTEILHO YCTAHOBJIEHHBIMU TaK, YTOOBI BEPXHsIS
METKa Obljla HUKE YPOBHS JKUJKOCTA HA 5-6 CM, a HWKHSS — HA 2-3 CM BBIIIE JTHA

LUIIUHAPA.

2. H3mepbTe TMaMeTphl IAPUKOB MAKPOMETPOM.

3. [[Tapuk OMyCTUTH B LMWIMHAP TPHA NOMOIIA NUHLUETA KAK MOKHO OJMKE
K OCH LWJIMHAPA.

4. H3mepbTe BpeMs MPOXOKACHUS IAPUKOM PACCTOSHUAS MEXKAY BEPXHEHR
Y HIOKHEN METKAMH.

5. OnbIT mOBTOpUTE 3—5 pa3 ¢ Pa3NIMYHBIMU IAPUKAMHU.

6. 3anumnre 3HaYeHus: O, = (KT/M), P = (kr/M).

7. Paccuuraiite nuHamuyeckuii KO3(QOUUMEHT BI3KOCTH >KHAKOCTH MO
dopmyne (11).

8. Pe3ynbTarel Bcex M3MepeHuil 3aHecute B Tadbnmiy Nel.

Tabmuma Nel
Ne |/ d | t | n{lallc)| 17 (Halc) | An (Mallc)| A7 (Mallc)| € (o)
(M) | (M) | (©)

DN | —

3anuuure pe3ysbTaT B BUAE: 17 = (77 T Aﬁ) , /1. I3MEPEHMUSI

Konmponwsnuie eéonpocui
UTo Ha3bIBACTCA BI3KOCTHIO )KUIKOCTH?
. KakoB MexaHM3M BHYTPEHHETO TPEHUST B JKUIKOCTSIX C TOYKH 3pEHUS
MOJIEKYJISIPHO-KUHETHYECKON Teopun?
KaxoB ¢usnyeckmii cMbIci KO3 (PULIMEHTa BHYTPEHHETO TPEHUS?
Uro HaszbBaeTcs KOIP(PUUMEHTOM KUHEMATUYECKOH W JTWHAMUYECKOU
Bs3kocTH? Kak fnHaMuyeckas BA3KOCTh CBSI3aHA C KHHEMATUYECKOM?
KakxoBa 3aBUCUMOCTD BA3KOCTH KUAKOCTH OT TEMIEPATYPbI?
YeMy paBHA cuiia BA3KOTO TPEHUS MEXKIY IBYMS CIIOSIMH KUJIKOCTH?
Hanmuomre popmyny Crokca.
Kakue cunpl IEACTBYIOT HA IIAPUK, MAJAOIMHA B )KUIKOCTH?
9. 3anumumTe BBIPAKEHUS IS 3TUX CHIL.
10.Ha30BHTE NPAKTHUYECKOE 3HAYCHUE SIBJICHHSI BHYTPEHHETO TPCHHUS
11.Kak Ha3biBacTcs mpuOOp, MCHOJB3YEMBIA I HM3MEPEHUs Ko3(pduumeHTa
BHYTPEHHETO TPEHUS KUIKOCTH

N —

Rl

S AN

91



4. BUPTYAJIBHBIN JIABOPATOPHBIN [IPAKTUKYM 1O
MOJIEKYJISIPHON ®U3UKE

JlaGoparopHnas padora 1 — 12
(BupTyasnbHas jadbopaTopHas padboTa)

H3YUYEHHUE PACHIPEJEJIEHHAMOJIEKYJI I'A3A 110 CKOPOCTAM
(PACIHIPEJEJIEHUA MAKCBEJIIA)

Ilenv pabomei: VI3yueHHE OCHOB MOJIEKYISPHO-KHHETUYECKONH TEOPUU Ta30B.
OKCIEPUMEHTAJIBHAS MTPOBEPKA 3aKOHA MAaKCBEUIOBCKOTO PACIIPEAETICHUS MOJIEKYJT
WICAIBHOTO Tra3a M0 CKOPOCTSAM M OINPEACIICHHE MOJSAPHOW Macchl Trasa Ha
KOMITBIOTEPHON MOJEIH.

Ilpuboper u npunaonexcuocmu: IIK, nporpamma «OTKpbITas (U3HKA»
(KOMITBEOTEPHASL MOJIEN ).

Teopemuueckue ceeoenus

B MONEKYIAPHO-KMHETUYECKOH TEOPUHM  TOJB3YKOTCS  UOCANUSUPOBAHHOU
MOO€IbI0  UOEANIbHO20 2a3d, B KOTOPOM NPEAINONaracTcs, 4Yr0o IOTEHUMAIBHOM
SHEPruei B3aMMOJCHCTBUS MOJIEKYJ MOXKHO MpEeHEOpedbh MO CPAaBHEHUIO C WX
KUHETUYECKOW dHeprueid. Mexxay MOJEKyJaMHi HE JEWCTBYIOT CUIIbI NPUTSDKEHUS
WIA OTTAJIKMBAHMS, COYJAPCHUs 4YaCTUL[ MEXIYy COOOH M CO CTEHKaMu COCyja
aOCOJIFOTHO YNPYTH, & BPEMSI B3aUMOJCHCTBUSL MEXKIY MOJIEKYJIAMH MPEHEOPEKUMO
MaJIo 10 CPAaBHEHHIO CO CPEIHMM BPEMEHEM MEXIY CTOJIKHOBEHUsSMH. B mporecce
CTAHOBJICHUS MOJIEKYJIIPHO-KUHETHYECKOW TEOPHHA Ta30B HEKOTOPOE BpeEMs
CUMTAJIOCh, YTO BCE MOJIEKYJIBI ra3a B YCIOBHAX TEPMOIMHAMHYECKOTO PABHOBECHUSA
JBIKYTCS ¢ OJUHAKOBBIMU CKOPOCTAMHU. OIHAKO ABMIKEHUE MPOMCXOIMUT B PA3HBIX
HalpaBJICHUAX, TOrJa CTOJIKHOBECHHS MOJIEKYJI IMPOUCXOMAT IIOX Pa3IdnvYHBIMHU
yraamu. OTO JOJDKHO TNPUBOIUTHL K HM3MEHEHUIO CKOPOCTH CTAIKMBAFOIIAXCS
MOJIeKyJl. CTOJTKHOBEHHUSI MOJIEKYJI Ta3a MEXAY COOOM HOCAT ciaydyailHbIA Xapakrtep,
CJICIOBATENIbHO, HMX CKOPOCTH JOJDKHBI SIBJSITBCS  CIYYAHHBIMU  (PU3MYECKAMU
BenrurHaMu. OOnacTh BO3MOYKHBIX 3HAUECHUH 3TOH (PU3NYECKOH BEIMYMHBI HAYEM
HE OrpaHA4YeHa, I[0ITOMY CKOPOCTH  MOJIEKYJI B ras€ B  VCIOBHIX
TEPMOJAVMHAMUYECKOTO PABHOBECUS — HENPEPBIBHAA CllyyailHas BeJIWYWHA, JUIA
OMUCAaHUsI KOTOPOH HEOOXOAMMO TMOCTPOMTH COOTBETCTBYIOUIYHO  (DYHKIHMIO
pacnpenencausi. OyHKIMS pacnpencsicHuss MOJIEKYJ rasa no CKOpocTsM Oblna
BeIBeAcHA JIoK. MakcBeiom B 1859 1. 1 HOCHT ero ums. 1'a3 HaXOAUTCA B COCTOSIHUH
TEPMOJAVMHAMUYECKOTO PABHOBECHS, B OTCYTCTBMH BHEIIHWX IIOJEH, IEWCTBHUE
KOTOPBIX MOIJIO OBl HM3MEHHTh CKOPOCTH XAOTHYECKH ABMKYLIMXCS MOJCKYJI.
YacTuibl raza IBWXKYTCS PaBHOMEPHO W MPAMOJIMHEHHO, HANPABJICHUE IBUKCHUS
COBITAJACT C HAIPABIICHUEM CKOPOCTH.

PaccMoTpuM HaeanbHBIA Ta3, HAXOMALIMWCS B PAaBHOBECHOM COCTOSHHU.
Benencreue OrpoMHOro 4uciia COyIapeHuil, UCIBITBIBAEMBIX MOJIEKYJION B €IMHHULLY
BPEMEHM, CKOPOCTH Ta30BBIX MOJIEKYJ BCE BpeMsl M3MEHSIOTCS. [1o3TOoMy B J1H000IA
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HOKMMAas JIEBYIO KHOIKY MBIIIM, YCTAHOBUTE 33JAHHOC 3HAYEHUE TEMIIEPATYPBHI.
ITocne 3Toro HaXKMHUTE KHOIIKY «CTAPT».

Tabmura Nel

7'(K)| 3naueHust L BoIOMpaTh U3 AuanaszoHa 3HadeHui ot 300 U v 2

M/c 1o 3500 m/c “p b
A (M/c) | (m%/c?)

L (M/c)
AN
L (M/c)
AN
L (Mm/c)
AN
L (Mm/c)
AN

3. Beigenute Ha MOJENM Ta3a IPynmny MOJIEKYJ, UMEIOIIMX CKOPOCTH BOJU3H
3HAUCHMS U .

3HauYCHUE CKOPOCTH U BBIOMPAIOT U3 JMara3oHa 3HaueHui ckopocTu oT 300 m/c
10 3500 m/c. B mpeaenax 3Toro auanazoHa BbIOMpArOT 5 — 7 3HAYEHUH CKOPOCTEH
MOJICKYJI WM BHAyaJlc YCTAHABJIMBAIOT HAWMEHBIIEEC W3 HUX, 3aTEM CJIECIYIOIICE
OonbILEee U T. 1.

YCTaHOBKY 3HAYEHHWS CKOPOCTH U OCYIIECTBISIOT MEPEKTIOUYATENeM 2, CM.
pUC.3, JUIS YETO YCTAHABIMBAIOT CTPEIKY KypcOpa MbIIIU HA ABUKOK MEPEKITHOYATENS
2, HOXUMAIOT JIEBYIO KHOMNKY MBIINIM W, YJICPKHBas €€ B HAXXaTOM MOJOKCHUH,
NEPEMENIAOT ABUKOK MBIIIBIO 10 HEOOXOAUMOTO 3HAYECHHSI CKOPOCTH.

4. HaxxmuTe KHONKY « ||» ¥ mopcumraiite Ha mMomennm umcio monekyn AN
(3e/1eHbIe TOUKH), CKOPOCTH KOTOPBIX MMEIOT BEJMUYUHY OJIM3KYIO K YCTAHOBJIEHHOM

CKOPOCTH MOJIEKYN U . 3Ha4eHHs cKOpocTH U u umcna monekyn AN 3ammcars B
Tabmuiry Nel.

5. Haxxmure KHOMKY «PP» U 3aT€M U3MEHUTE CKOPOCTh U 10 CIECAYIOLIErO
3HQYEHMS M3 YKA3aHHOI'O BBIIIE AMANA30HA CKOPOCTEH, KaK OMMCAHO B IYHKTE 3.
Jlajiee BBITTOJIHUTE U3MEPEHUE, KAK OMTMCAHO B IYHKTE 4.

6. I[loBrOpuTe M3MepeHus MO MyHKTaM 3, 4, 5 ceMb pa3 Uil Pa3HbIX 3HAYCHMIA
CKOPOCTEM.

7. YCTaHOBHUTE, KaK OMMUCAHO B MYHKTE 2, CIEAYIOLIECE 3HAYCHUE TEMIIEPATyPbl 1’
Y IOBTOPUTE U3MEPEHHUS, KAK OMMCAHO B IMyHKTaX 3 — 6.

8. BBINIONHUTE aHAIIOTMYHBIE U3MEPEHHUS Tl BCEX TEMIIEPATYP ra3a, yKa3aHHbIX
MPENOIABATEINIEM.

O0OpabGoTka pe3yabTaTOB U3MEPEHMIA.

1. Toctpoiite Ha omHOM prucyrke rpaduku dyuaxuun AN = (V) 3asucumoctn
upcina Mostekyn AN 0T ckopocTd MOEKya U Ui pasHBIX 3HAYEHHI TeMIeparyp
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T, otknameiBas mo ocH abGCUMCC 3HAYEHHS CKOPOCTH, a MO OCH OPIMHAT — YMCIIO
MOJICKYIL.

[Tpn mocTpoeHur rpaguka MO SKCIEPUMEHTAIBHBIM TOYKAM HAJA0 MPOBECTH

TUTABHYIO KPUBYIO.

U@ep

2. Ilo mocTpoeHHBIM TpadukaMm OMpeAeauTe HauOoJiee BEPOSTHBIE CKOPOCTH

2
MOJIEKYJI raza Opu pasHbIX Temneparypax, paccuutare U, . HalineHHble

3HAUEHUS 3anumuTe B Tadbmuiy Nel.

3. Tloctpoiite rpaduk 3aBUCUMOCTH KBajapara HaubOJiee BEPOSTHOM CKOPOCTH

OT TEMIIEPaTyphbl Ugepz =f(T).

eep

MPUBOJIAIICE K M3MEHEHHIO KBaipaTa HauOoJee BEPOITHONH CKOPOCTH Ha AUg@p

4. Tlo nmnocnemHemy rpaQuKy, BOCHOJB30BaBIIMCH  (opmysioil  (6)

2RT
U

OTIPEICTTUTE MOJIIPHYIO MaccCy rasa

AT
2 7
Augep (7)

31eck R — MonsipHas razobas nocrosunas, A7 — u3aMeHeHHe TeMIEpaTypsl rasa
2

1U=2R

OmnpenenuTe Ta3, MOJsIpHAsS Macca KOTOPOTO JIOCTaTOYHO ONM3ka K

pacCYMTaHHOM MOJIIPHON Macce.

hd

®© ™~

Koumponwhbsie eonpocet
B dem coctouT Momens ra3a — macanbHBINA ra3. [Ipm KakoM COCTOSHHH Ta3a
MOYKHO TTOJTE30BATHCS ATOM MOJIENBIO /ISl €70 OMMCAHMSL.
[TpuBeaHUTE MaTEMaTUUYECKOE BRIPAKCHUE 3aKOHA pacrpenesicHus MakcBemna
¥ OIPEICITUTE BETUYMHBI, BXOASAIINE B 3TO YPABHECHHUE.

. M3ob6paszute rpaduk pacnpenencHus MakcBema MOJCKYI HACAIHHOTO ra3a 1o

CKOPOCTSIM.

Kakue BBIBOIBI CIICIYIOT U3 BAJIA KPUBOH pacnipeacicHUs ?

Kak n3MeHseTcs BUA KPUBOM pacnpeaciicHus NMPH U3MEHEHUH TEMIEPATyphl
ra3a v ¢ 4eM 5TU U3MECHEHMS CBA3AHbI?

3aBUCHUT JM IJIOW@AAb Ha rpaMke, OrpaHUYCHHAs] KPUBOM pacnpeiesicHus U
OChI0 a0CIIUCC, OT TEMIEPATYphI raza?

Kakast ckopocTh MOJIEKYJ ra3a Ha3bIBACTCS HAMOO0JIEEe BEPOIATHON CKOPOCTHIO?
[TpuBeaute ¢opmynbl A pacyera CpeAHei apu(pMETUUYECKOW, CpeaHel
KBQIPaTUYHOM 1 HanOosee BEPOSTHONH CKOPOCTEH MOJIEKYJ HICATBHOIO ra3a.
JlaiiTe onpenesieHue MOJIIPHOM MaccChl rasa.
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HPUJIOKEHUE

OcHoenole d)u3uuec1<ue KOHCmMAaHmol

I'paBuTaninOHHas NOCTOSHHAS

CKOpOCTB CBETA B BAKYyME

MaruauTHas mocTosHHas

DJIEKTPUYECKAs MOCTOSIHHAS
ITocrosuHas [ lnanka
Macca nokost 31eKTpoHa
Macca nokost npoToHa
Macca okost HEWTpOoHa
3aps SIEKTPOHA
ATOMHAs €ITMHULIA MACCHI
[TocrossHHas ABOraapo
ITocrosaunas dapanes
MoutsipHast ra3oBasi TOCTOSIHHAS
[TocrosinHas bosbimana

HopMmanbHbiii (MOASPHBII) 00bEM UACATEHOTO
ra3a npyu HOPMaIbHBIX YCIOBUSIX

Hopmanbsaoe aTMOCchepHOE TaBIcHHE

Yckopenue cBoOOIHOrO MaaCHUS
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G =6,6720-10"" H-m*/xr?
¢ =2,99792458-10° m/c

o= 1,25663706144-10°
I'a/m

o= 8,85418782-10™"* ®/m
h=6,626176:10"" ix-c
m,=9,109534-10"" xr
m,=1,6726485-107" kr
m, = 1,6749543-10%" xr
e=1,6021892-10" Kn

1,660565-107" xr

N4 =6,022045-10% moms™
'=96484.56 Kii/moib

R =8,31441 JIx/(monb-K)
k=1,380662-10% /K

Vp=2,241-10" M’/MOIB

P, = 101325 IT1a

2 =9.80665 m/c’















COJIEPKAHUE

BBenenue

1. MEXAHUKA
1.10CHOBBI KHHEMATUKHI

1.20OCHOBBI TMHAMUKH

1.3 JInHAMUYECKUE XAPAKTEPUCTUKHA BPALIATEIBHOTO JABMKEHUS. MOMEHT

cuibl. MOMEHT umIyJibca. MOMEHT HHEPLIAHA

1.4 OCHOBHOE YPAaBHEHUEC TUHAMUKHA BPAIIATEIIBHOTO ABUYKEHUAS
1.5 3aKoH COXpaHEHHss MOMEHTA UMITYJIbCA

1.6 PaGoTa 1 MexaHn4decKas SHEPrust. MOIMIHOCTh

1.7 3aK0H COXpaHEHHsI MEXAaHUUECKOW SHEPTUNA CUCTEMBI

1.8 KonebarenbHoe TBHKEHHE

1.9 3aryxatomme koneOaHus U X XapaKTEPUCTHKU

2. OCHOBbI MOJIEKYJISAPHOI OU3UKU

TEPMO/JINHAMUKU
2. 1CratucTuyecKknii ¥ TEPMOJIUHAMUYECKHUI TTOAXOIbI
2.2 YpaBHEHUE COCTOSHUAS UICATIBHOTO Ta3a
2.3 OnbITHBIE TA30BBIE 3aKOHBI
2.4 OcnoBHOe ypaBHeHre MKT
2.5 Pacnpenenenue Makcgemna
2.6 Pacnipenenenne bonpumana
2.7 SIBneHus mepeHoca B ra3ax
2.8 BHYTpEeHHSs SHEPIUs UACATIBHOTO Ta3a

2.9 I1epBblii 3aKOH TEPMOJMHAMUAKHA
2.10 TermnoeMKOCTh UACAIBHBIX Ia30B
2.11 Brpoe nauano tepmoanaamMuku. [lukn Kapro

3. JABOPATOPHBIII TPAKTUKYM IIO0 MEXAHUKE W

MOJIEKYJISPHOU ®U3UKE
3.1 Tlopsaok BEIMOTHEHUS pabOTHI
3.2 O0paboTKa pe3yIbTaTOB U3MEPEHUI
3.2.1Pe3ynbTarsl U3MEPEHUN U UX OLIMOKA

322 OueHka ciayyailHbIX MOTPEIIHOCTEH MPH HEOONBIIOM YHCTIE

N3MEPEHUH
322 [IpaBuna OkpyrieHus

JlaGopaTopnas padora 1-2

OnpeneneHue >KECTKOCTU PY>KUHBI

JlaGoparopnasi padora 1- 4

OnpeneneHne MOMEHTA MHEPLIMKA MAXOBUKA

JlaGoparopuas padora 1 —13

OnpeneneHne MOMEHTA MHEPLIMA MAaXOBHUKA METOJIOM KoJieOaHUiA

103

O

18

19
20
20
24
25
27

29
30
31
32
34
35
36
37
39

40
41
43

46
46
46
46

48
49

51

55

61



JlaGoparopunasi padora 1 —6
OnpeneneHue JOrapu(PMUUECKOro ACKPEMEHTA 3aTyXaHWs TMPU KOJCOaHMSIX
MasTHUKa
JlaGoparopuasi padora 1 -9
OnpenesneHne OTHOLICHHS YACTBbHOM TEMIOEMKOCTH BO3AyXa MPU MOCTOSTHHOM
JABJIICHUU Cp, K YAECIBHON TEINIOEMKOCTH IIPU MOCTOSIHHOM 00BEME Cy METOJOM
aaradaTUUYECKOrO PacCliuPEHHS
JlaGoparopuas padora 1-10
Onpenenenne ko3 uUUEHTa BSI3KOCTH BO3JyXa, PacyeT CPEIHEH JJTUHBI
CBOOOTHOTO Mpodera u 3PPEKTUBHOrO TUaMeTpa MOJIEKYJT BO3yXa
JlaGoparopuas padora 1-11
Onpenenenne Kod(pPUUMEHTA BHYTPEHHETO TPEHUS MKUAKOCTH (BA3KOCTH
KUAKOCTH ) MeToJoM CToKca

4. BUPTYAJIbHBIII  JIABOPATOPHLIII MPAKTUKYM IO

MOJIEKYJISIPHOU ®U3UKE

JlaGoparopuasi padora 1 — 12
(BupTyasibHas nabopaTopHas padoTa)
H3yueHne pacrnpeacneHusi MOJIEKYJ ras3a MO CKOPOCTSIM (pachpencicHHs
Makcaesa)

IMpuinoxenue
Jlureparypa
Copep:xkanue

104

68

73

82

87
92

92

98
102
103



		2024-03-05T11:49:29+0800
	ФЕДЕРАЛЬНОЕ ГОСУДАРСТВЕННОЕ БЮДЖЕТНОЕ ОБРАЗОВАТЕЛЬНОЕ УЧРЕЖДЕНИЕ ВЫСШЕГО ОБРАЗОВАНИЯ "ИРКУТСКИЙ ГОСУДАРСТВЕННЫЙ АГРАРНЫЙ УНИВЕРСИТЕТ ИМЕНИ А.А.ЕЖЕВСКОГО"
	Подпись документа




