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Kipicne

«Dusukal» mopicTep KOHCHIEKTICIHIE OCHI TOH OOWBIHINIA OaKaJTaBpUATTHIH
AIIEKTPTEXHUKACHI KOHE JHEpreTuka OuriM Oepy Oarnmapiamachkl OOMBIHIIA OKUTHIH
CTYJEHTTEp YILIiH A3PICTEP/IiH KbICKa Ma3MYHbI OepiireH.

Op JopiCTe TAKBIPBINTHIH HET13T1 CypakTapbl MEH OJIap/IbIH JOTUKAIBIK Oaiiia-
HBICHI KOHE KYPBUIBIMJIBIK TYTACTBHIFBI MAaTEMATHKAJIBIK JOJIEICYCI3 HEMECEe MbICa-
nap kentipmen kepcetineai. COHIbIKTaH OKY-9/IICTEMENIK Kypasl CTYJEHTTIH JIOPICTIK
cabakrap, ayJuTOpUSIaH THIC O©31HJIK KYMBICTap CHUSKTBI OKYy iC-OpeKeTi YIIiH Oa-
FBITTAYIIbI KypaJl 00JIbIN TaObLIA IbI.

Op JOpICTIH MaKCaThIHBIH HAKThl Oepillyl, OKYy MaTepHaJbIHBIH Ma3MyHIATy
dbopmacel OHBIH Ma3MyHbIHA cail kenexdl, o1 «®Puszukal» kypceiH meHrepyae ECK-
Tapbl XKyheneyre, )KaKChl KoMeK Oepei.

JlopicTep >KUBIHTBIFBI 3JIEKTPTEXHUKACHI )KOHE HEpreThuka ounmM oepy Oarmap-
namachl OOMBIHILIA OKUTHIH CTyAeHTTepre apHanFaH. Ocbl OuUTiM Oepy Oarnapiamacsl
yuiH «®usnkaly Kypcsl kaimnsl Ma3MyHra ue. butim 6epy Oaraapiamackl OOibIHIIA
OKY-9JICTEMEIIIK KaMTaMachl3 €Ty IIH OapJibIK *Kyilecl keilip OemiMaepal FaHa TEpeH
KapacTeipajibl. by OeniMaep KbIcKa OKYy-9ICTEMENIK Kypaiia KopCceTUIMEN .

TexHuKanbIK )KOFapbl OKY OpbIHJApbIHAAFbl (H3UKa OoJIallaKk MaMaHFa HET13r1
6azanbik OuTiM Oepeni. CTyeHTTep/IIH MHKEHEPIII-TEXHUKAJBIK Oiyiay KabiieTi MeH
OJIEMHIH 3aMaHayH >KapaTbUIbIC-FBUIBIMHU OCHHECI KOHIH/IE MKaJIbl TYCIHIT1H KaJIbIII-
TACTBIPAJIbI )KOHE JaMBITAJIbI.

®du3rka TaOUFATTHIH OPTAK 3aHJAAPbIH KOHE OHBIH MaTepus TYpJIEpiHIH KeHoip
KYPBUIBIMJIBIK, JACHTCHICpiHAC KOJIaHybIH 3epTTeiail. o ockl pusmkama emipaig op
TYPJIl callaChIHAAFbl TYPJl KYOBUIBICTAP/ABIH ceOenTepiH, OalIaHbIChIH, MEXaHU3MIH
TaJIAUTBIH €PEKIIe anmnaparTap Kypblibl.

®du3rka — SKCIEPUMEHTTIK FBUIBIM JKOHE JKaH-)KAKThl TEOPUSIIBIK TYPIE 3€pT-
TenreH. HakTel GU3MKAIBIK 3aHIap HET131HJe: KeWOip Heri3ri (U3UKaIbIK 3aHaap
MEH TPHUHIIUNTEPJICH MaMaHHBIH KOCIOM 1C-OpeKeT cajlaChlH/Ia TPAKTUKAIBIK MOHTE
Y€ aKnapaTThl «YUBITYABIH» TUIM/II 9/IICTEP1 aJIbIHIbI.



1 Mopic Ne 1. Mexannka. Kunemaruka

Iopicmiy mazmynel: Pu3MKa FEUIBIMBIHBIH MOHI JKOHE MEXAaHHMKAHBIH HET13Ti
eceOiH HIenry 9/IICTEPiHIH MaHbI3AbUIBIFBI KEATIPLIE/].

Iopicmiy maxcamol: Hu3nKa MOHIHIHE KipicIe KOHE MEXaHWKaJIarbl KMHEMa-
TUKAJIBIK CHITATTaMaIapbl MCH 3aHIBIIBIKTAPBIH aITBIIT KOPCETY.

Mexanuka — MEXaHUKAJIBIK KO3FAJIBICTHIH 3aH/IbUTBIKTAPBIH KOHE OHBI TYbIHIATa-
THIH HEMECE O3TepPTETIH ceOenTepal 3epTTEUTIH (Pr3uKaHbIH O1p O6ITiMI.

Mexanuxanvix Ko3eanvic — JEHEHIH XKoHE OHBIH OOJIIKTepiHiH Oip-OipiHe Ka-
THICTBI KEHICTIKTE OpPHAJIACYBIHBIH YaKBIT OTE KeJie ©3repyiHe 0aisiaHbICThl 00JIaIbI.

Knaccuxanvix mexanuxaoa KuUIIaMIBIFbI BAKYYMJET1 KapbIK >KbIIAAMIbIFbI-
HaH (c=3-10% m/c) anpmexaiina a3 GoNaThIH MaKPOCKONMSIIBIK JACHENEPIiH KO3FAIIBICHI
KapacThIpbuIaabl. JXKbUIIaMIBIFBIH JKapbIK KBUITIAMIBIFBIMEH CaJIBICTHIPYFa OOJIATHIH
JCHENEPIiH KO3FaJbIChl PelsimusucmiK Mexanukaoa KapacThIpbUIaabl. MHKPOCKO-
MUSAJIBIK JIEHENepAiH (KeKe aToMJIap KOHE JIeMEHTap OeJIIeKTep) KO3FajJbICTAPbIH
KapacThIpy YILIIH K6AHMMbIK MEXAHUKA 3aHIBIIBIKTAPBI KOJTaHBLIATBI.

Kunemamuka — KO3FalbICTBl TYABIPATBIH HEMECE OHBI ©3TEPTETIH cebenTepre
TQYEJICI3 KO3FaJIbIC 3aHIbUIBIKTAPBIH KAPaCThIPAThIH MEXaHUKAHBIH 06JIIMI.

Kartel neHeHiH opTypil OpbIH aybICTBIPYBIH ULITE€plIeMeNi KoHEe aiHaIMalbl
KO3FaJIbICTapAbIH KOCBIHJIBICHI PETIH/AE KapacThipyFra Oonanbl. lieepinemeni Kos2anvic
JIET€HIMI3 — JICHEMEH ThIFbI3 OalIaHBICKAH Ke3 KEeJITeH TY3Y ©31HIH OacTamKbl KaJIlbl-
Ha Mapajuienb OOJIBIN KaJIaThlH KO3FAIIBIC. Al aliHaimavl Ko3eanvicma JeHEH1H opOoip
HYKTEC1 IeHOep ChI3ajibl, OHBIH IEHTpJIepl Oip TY3yIiH OOWBIH/A YKATaJbl KOHE OHBI
aifHaJTy OCl JIeTT aTaijibl.

JleHenmep KeHICTIKTE >koHE Oenrimi Oip yaKbIT apaibIFbIHAA Ko3Famaapl. Mare-
PUSUTBIK HYKTEHIH KO3FAJTbIC KYWl caHak OeHeci I aTalIbIThIH Ke3 KeJITeH TaH Al aJIbIHFaH
JICHEMEH CaJTBICTHIPBLIBIT KapacThIpbuiaasl. CaHak JIeHeciMeH OaiIaHBICKaH KOOpPIMHAT-
Tap JKyMecl MEH caraT KUBIHTBIFBIH CAHAK JHCYect ETl aTaiIbl.

1.1 MarepusiibIK HYKTE KO3FAJIbICbIHBIH KHHEMATHKAJIBIK CHIIATTAMAa-
JIapsl

Ko3ranplc KaIlIbIKTHIFBIMEH CalbICTBIPFaHAa OEplIreH JEHCHIH oJImeMi MEH
MIIIHI 6Te Kilm 00Jica, OHbI MAaTEPHSUIBIK HYKTE PETIHIE KapacThipyFa Oonassl. [le-
KapT KoopauHatTap Kyhecinae (1.1 cyper) yakbITKa Toyeni Ko3fajnaThiH A MaTe-
PUSIIBIK HYKTEHIH OPHBI YIIT KeHICTIK KOOPJIWHATTAPBIMEH X, ¥, Z HEMece KOOpIUHAT
6acel O HYKTECIHEH 4 HYKTECIHE XYPTi3UIreH paouyc-eekmop F apKbUIbl aHBIKTaJa-
1. Kosranbic GapbIChIHIA OHBIH KOOPAMHATTAPHI YaKBIT O©TYyiHE OalIaHBICTHI ©3re-
peni. Mamepusinvlk HyKmeHiH KUHeMAmuKaiblK K032aablc meHOeyiH BEKTOPIIBIK KOHE
CKaJIsIp TYPAE jka3yFa 00Jabl.

r=r(t) memece X=Xx(t), y=y(), z=z(1). (1.1)



1.1 cypet — JlekapTTbIK KOOpAUHATTApP KyHeci

1.2 TpaekTopus, K0/ Y3bIHABIFbI, OPbIH aYbICTHIPY BEKTOPbI

bepinren canak »y#eciHae KO3FalbICTarbl JEHEHIH HEMECE MAaTEPUSIIBIK HYK-
TEHIH 0achlll ©TKEH HYKTEJIEPIHIH >KUBIHBIH TPaeKTOpHs 1en aTaiiabl. TpaekTopus-
HBIH MiIIHIHE 0alIaHbICTHI KO3FAIIBIC M3 CbI3bIKNIbL )KOHE KUCHLK CbI3bIKMbl OOJIBITI
OesiHe1. MaTepusuibIK HYKTEHIH 4B KUCBHIK ChI3BIKTBI TPAEKTOPUIICHl OOMBIMEH OTKEH
KO3FAITBICBIH KapacThipaidbiK (1.2 cyper ). KUCBIK CBI3BIKTBI AB reoOMeTpHsIIbIK HYKTe-
Jep KUBIHBI AS' orcon y3uIHObI2bL eN aTtanaabl. byl ckaysgp mama yakbITKa Toyeul
GyHKUMS 00sagbl: AS = AS(t)

Hyxrenin 6actankbl A KyiliHEH COHFBI B Ky-

.
HiHE JKYPTi3UIT€H Ar BEKTOPHI OpPblIH AYblCMbIPY
eexkmopul JeTl atanaabl. by mama At yakpIT immisae

paanyc- BEKTOPAbIH ©3repyiHe TeH Af =7-T,. Ty3y
v CBI3BIKTBI KO3FaJIbIC KE31HAC OpPBIH aybICTBIPY BEK-
TOPBI TPACKTOPUSHBIH COMKec OOIIriMeH oI Keae Il

YKOHE OPBIH aybICTHIPY BEKTOPBIHBIH MOJYJII KYpii-
T'€H 7KOJI Y3bIH/bIFbIHA TCH:

1.2 cyper - MarepusiibIk

HYKTE KO3FaJIbICHI Ar|=AS. (1.2)

1.3 KpL1aaMABIK

JKbin0amowix — HYKTeHIH OpUIreH yaKbIT ME3ETIH/IE KO3FaIbIC OarbIThl MCH
YKOJT ©3TEPICIH aHBIKTAUTHIH BEKTOPJIBIK I1ama. JKbUIIaMABIKTRIH CaH MOHI OIpJIiK ya-
KBIT 11I1H]IE YKOJIJIBIH ©3TepiCiHe TCH.

- -

Hyxrenin opmawa scvindamowl 6ekmopbl < v > A r OpbIH aybICTBIPY PaIUyC-
BEKTOPBIHBIH A! yaKbIT ©3repiCiHe KaTbIHACBIMEH aHBIKTAJIa/Ibl:



—
—

Ar
<U>—E. (1'3)

-

N
J1e30ik orcoln0amoblk v — KO3FaNbICTarbl HYKTE€HIH YaKbIT OOMBIHIIA aJIBIHFAH I
paanyc-BEeKTOPBIHBIH O1pIHIII TYBIHIBICHIHA TEH BEKTOPJIBIK IIaMa:

N

N
-  Ar dr
m =—.
At—0 At dt
}KBIJ'II[aMI[BIK BCKTOPBIHBIH 6aFBITBI KC3 KCII'CH HYKTCAC TPACKTOPHUACBIHA
KYPri3iIreH >kaHama OaFbIThIMEH aHBbIKTa’daibl. JKbLIgaMIbIK MOAYJ1 MbIHAZal ep-
HCKIICH aHbIKTAJIaAbI:

(1.4)

el A”
o=| timAT | AT ] A5 _ 85 (1.5)
At—0 At At—0 At A0 At dt

B¥J'I OPHCKTCH >KOJI Y3bIHABIFYBIH dHbIKTAYta 60.]'[3]_'[51:

S t,
S =[ds=[v-dt (1.6)
0 t
bipxanvinmur Ko3rasibic Ke3iHje (v =CoNnst) skoJiIbIH TEHJIEYl MbIHA TYPJE Ka-

3BLIA/IbI.
S=u-t. (1.7)

1.3 Yney #oHe OHbIH KypaylbLIapbl

Yoey — maTepusiblK HYKTE >KbUIAMIBIFBIHBIH MOIYJIb KOHE OAarbIT OOMBIHINA
©3repylH CUNIATTAaUThIH BEKTOPJIBIK IIaMa.

- . .. - .
Opmawa yoey eexkmopwvl < a > OepUIreH yaKbIT IIIHIAE Ap JKBUIIAMIBIK ©3repi-
CiHIH Af yaKpITKa KaTbIHACBIMEH aHBIKTAJI/IbI:

N
> Av
<a>=—. (1.8)
At
Jle30ix yoey — yakpIT OOWBIHIIA KbUIAAMABIK BEKTOPBIHBIH OIPIHIII TYbIH/IbI-
ChIHA HEMeCe PaJNyC-BEKTOPHIHBIH yaKbIT OOMBIHIIA €KIHII TYBIHABICHIHA T€H BEK-

TOPJIBIK IIaMa:

. - - ,
a = lim &zd_u:d_zr' (1.9)
A0 At dt dt

Korapeigars! (1.5) TEHAIKTI €celKe ana OTHIPHIT YAeY MOJYJIH aHbIKTayFa 00-

JaJIbl
a4 d’s
dt?
Y ney TypakThl Ke3eri (a = const) KO3FaJbIC OIpKaIblnmbl AtiHbIMAIbL JET aTa-
nanel (OIpKaIBINTHl yaemeni, erep a>0 jxoHe OipKambIThl KeMimeni, erep a<0),
BipkanpInThl aitHBIMAITBI KO3FAJIBIC YIITIH KOJIJBIH JKOHE JKBUIIAMIBIKTBHIH OPHEKTEPI

MBIHA TYPAC JKa3bLIaIbL:

(1.10)



S=v,t+— (1.11)
v=uv,tat (1.12)

N
BlpKaJIBIHTBI TY3Y CBI3BIKTBI YACMCII1 KO3TaJIbIC KE31HAC a BCKTOPBLIHBLIH OarbI-
N

Thl v BEKTOPBIHBIH OAFBITHIMEH COMKEC Kejedl, ajl KeMIMell KO3FaIbIC Ke31HJe OFaH
KapaMa-Kapchl 001a/1bl.

—

5
KuchIK ch3BIKTHI Ko3ranbic ke3iHne (1.3 cyper) Av BEKTOpBI, JEMEK @ BEKTO-
—
pBl, TPAEKTOPUSHBIH OMBIC JKarblHA Kapail OarbITTanFaH 0oiajabpl. YJIEy a BEKTOpPBIH
. . o e . . -
€Ki Kypayibira xikTeiik (1.4 cyper): oHbIH Oipi v BEKTOpPBIMEH OarbITTac OOJIBII
- -
TaHT€HLUAAbI Y€y (a, ) KoHEe OFaH MEepHeHIUKYJIsIp HopMaib yaey (a, ) Aeml aTaia-
TIBL
— — —
a=a,+a,. (1.13)

Taneenyuan yoey >KbUIIAMIBIKTBIH MOJIYJIHIH ©3TrepyiH cuUnaTTamugbl

do )
(@, =—-), Hopmans yoey — KbUIJaMIBIK BEKTOPBIHBIH OaFbITBIHBIH ©3r€pylH CHUIAT-

dt
TaUIbl.

0
1.3 cypeT - KUCBIKCHI3BIKThI KO3FAJIBIC 1.4 cypet - YaeyniH €Ki KypayuibIChl

Pamuycel R mieHOep OoifbIMEH OipKaJIBINTHI aifHATYy KE31HIIEeTI HOpMallb YIey
MOy Kelecl (POpMyJTaMeH aHBIKTaJIaIbl:

a, =2 (1.14)
HyxTeHiH TONBIK yA€YiHIH MOIYJIl MbIHaFaH TEH:

a- \/(‘3_‘:) +(%jz | (1.15)

OPTYPJIL LIrepiieMeni KO3FalbIC Ke31HAET] YA€y KYpaylIblIapbIHBIH MOHAEP1
1.1-kecTene KEATIPUITEH.
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1.1 xecte

Ko3sranbic Tanrenuuan yaey a. Hopwmans yaey a,
BipKaibIThI TY3Y CHI3BIKTHI 0 0
BipKaneInThl allHBIMAIBI TY3Y a_ =a=const 0

CBI3BbIKThI

BipKanpInThl aifHAIMAITBI

0

a=a, = const

BipKanpInThl aifHBIMAJTBI
KHUCBHIKCBI3BIKTHI

a, =const

a, =0

1.4 AliHaaMaJbl KO3raJIbIC KHHEMATHKACHI

AlHamManbl KO3FaJIBICThl CUIIATTaFaH Ke3/€ MOJSAPJIbIK KOOpAHHATamapasl R
KOHE ¢ KOJJaHFaH BIHFAWJIbI, MYHJIaFbl R-panuyc (aliHamy UEHTPIHEH HYKTere Je-
HIiHT1 KallIBIKTHIK), @ - TOJSAPIBIK OYphITI (OYphLUTY OYPHITIIE).

Byporuumoix opwin ayvicmulpy — aybITKy BeKTOPBI (A ), OHBIH MOYJIi OYPBLTY
OyphIlIbIHA T€H, OaFbITHl OH OypaHJia dICIMEH aHbIKTalaabl. bBypblty OYyphIIIbI Ag

as 6OJIC3, A0raHbIH HIaMacChbl MbIHA ©OPHCKIICH aHbIKTAJIa/bl:

AS =R-Agp.

(1.16)

Bypvruumuix srcotnoamowvix scone bypvliuimolk yoeyoir 6pHEKTepI:

- -

MYHJIa @ KOHE & BEKTOpPHI allHAIy

—

L_de
dt

. g 2—)
dt  dt?

OCIH/I€ >KAThIp. @ BEKTOPBIHBIH OaFrbIThI

5
dp BEKTOPBIHBIH OarbITHIMEH COHKeC

R
Keneml. YIeMeln KO3FalbIC Ke3IHAE ¢
-

BEKTOPbl @ BEKTOPHIMEH OarbITTac, aj
KeMiMeNl KO3FalblC Ke3lHJe Kapama-
Kapchl OarbiTTanansl (1.5 cyper).

11

(1.17)

(1.18)

ATD

Wy — Wi

—

N
1.5 cyper-® XoHE & BEKTOpJapbIHbIH
OaFbITHI



JleHeHiH OiIpKaJIBINTHI alfHAIMAaJbl KO3FAJIBICHI
Ke31He OYPBIITHIK aifHATy MEH OYPBIITHIK KbIJI-
TaMJIBIK 3aHIBUTBIKTAPhl KeJleci TYpACTiAeH jKasblia-

JTBI:
2

(p:a)oti% (1.19)
w=mtet (1.20)

HyxTeHIH Ty3y CBI3BIKTBIK >KOHE OYpPBIIITHIK
KMHEMAaTUKaJbIK CUIIaTTaMajlapbl apachlHIarbl Oaii-
JIAHBICTHI AaHBIKTAWBIK. Erep At yakpIT apansiFbinaa A
Hykreci (1.6 cyper) AS norachlH >kacaca , OHJa
OHBIH TY3YCBI3BIKTBI KbLUIIAMIBIK
Moy ((1.5)xkoHe (1.6) 6pHEKTEPiH eCKepe OTHIPBIN) MbIHAFaH TEH:

1.6 cyper—KarTh! neHeHIH
aHaIMaJIBl KO3FAJIBICHI

o=lim 25 _jim RA2 _pim A2 _R.o. (1.21)
A—0 At A0 At At—0 At

Hemece BEKTOPJIBIK TYp/I€:

i [w r} (1.22)
d d — - -
a, ="?_" (wR)=R-& Hemece a, =[g r} (1.23)
dt dt
1.2 xecte
[nrepinmeni Ko3Fabic AlHanManbl KO3FajbIC Cunarramanap apa-
CBIHIAFrbI OalyIaHbIC
Pannyc- r AliHany @
BEKTOP OYpBILLIbI
OpsIH aybI- dr ByphIITBIK OpBIH d ;
CTBIPY BEK- ayBICTBIPY BEKTO-
TOPbI pBI
Kon ds 7Kon y3bIHABIFBI ds dS=R-dg
Y3bIH/IBIFbI
KeuimaMasik > g Y’ ByphIIITHIK KbLI- S (7) v=R-@, > |
V= w=—" v=lor
dt HaMIBbIK t
Y ney ;_dv_a'r | bypeumeikyney |- 4o d'p
Cdt dt? Codt - dt?
a=a,+a
TaHreHiI. a =4v a.=Re, g :F?}
vIey dt
Hopmaib v* a =ow"-R,
a, = —
e R - -
YACY a ——-R

12



Hopwmais yney

a, =" =& R HeMece an=-o-R (1.24)

1.2-xectene urepiaMeni KOHE alHaIMalbl KO3FaJIbICTAp KE31HJET1 JCHEHIH
KMHEMAaTHKaJIBIK CHUIIaTTaMaIapbl KOPCETIITCH.

2 JTapic Ne 2. KaTThl 1eHeHiH LirepijiMesti KO3FaJabICHIHBIH K9HE MaTepHsi-
JIBIK HYKTEeHIH JNHAMHUKACHI

Hopicmiy mazmynel: MEXaHUKAJBIK KO3FaJIbIC ceOenTepl KapacTbIPbUIab.

opicmiy maxcamoel: TUHAMUKAHBIH HETI3r1 MACENeNepiH TYCIHY >KOHE OHBI
HIENLy 9AICTEPIHIH MaHBI3AbLIBIFBIH AHBIKTAY.

Hunamuxa — neHe KO3FaJbIC 3aHBUIBIKTAPbIH ’KOHE OChl KO3AJIBICTBI TYbIpa-
THIH HEMECE ©3TepPTETIH cedenTep/il 3epTTEUTIH MEXaHUKAHBIH O1p cajachl.

2.1 HbI0TOHHBIH OipiHIIi 3aHbI — MHEPLHSI 3aHbI

E2ep Oenece backa oenenep acep emnece Hemece 01apObly Mey acep emyuici
Hoslee meH 060Jica, 011 OeHe O3IHIH MbIHLIWMbIK KYUIH Hemece DIPKAIblnmsl my3)ycol-
3bIKMblL KO32AIbIC KYUIH CaKkman Kauaobl.

JleHenepiH THIHBIITHIK KYWIH HeMece OIpKaJIBINTHI TY3YCHI3BIKTHI KO3FajIbl-
CBhIH CaKkTay KaOUIeTiH unepmminik nemn ataiijpl. COHABIKTAH OIpIHIII 3aH]IbI HMHEPLIUS
3aHbI I T€ aTaiJIpl, ajl 0acKa JIEHeNep acep €TIereH Ke3eri AeHe KO3FajbIChl uHep-
yus 60UbIHWA KO32ay IETI aTaaajbl.

MexaHuKabIK KO3FaJIbIC CUIIATTaMAaChl TaHAl alblHFAaH CAaHAK KyleciHe Oaii-
JaHbICThl. HBIOTOHHBIH O1piHII 3aHbI KE€3 KEJITeH KYyiene OpbIHAAIMANTBIHBIH TOXI-
pube xepcetreni. HploTOHHBIH OipiHIIT 3aHbl OpPBIHJATATHIH KYHENEp uHepyuaniovl
cauax Jcyuenepi 1en aTaiapl.

2.2 Kym. Macca

Kyw — nenere 6acka jeHesep jkKaFblHaH HEMECe epicTep >KaFblHAH MEXaHUKa-
JBIK 9CEP eTYIH apKachlH/A TMaikaa OOJaThIH BEKTOPJBIK Iama. HoTmwkecinae Kyii-
TIH O9CEpiHCH JCHE ©31HIH KO3FaJIbIC KYHiH HeMece ©31HiH OJIIIEeMIH JKOHE IIIIHIH 03-
repre/.

O3apa opekerrecy Oip-OipiMeH Tikellel TYHICETIH JeHeep apKblibl, COHAAN-aK
O1p-OipiHEH KalllbIKTa OpHAJIACKaH JIEHEJIep apachlHia T'PaBUTAIUSIIBIK JKOHE DJICK-
TPOMATHUTTIK ©PIC apKbLIbI OPbIHIATA/IbI.

Jlenere acep ereTiH OipHele KyUITi, OJlapAblH FT€OMETPUSIIBIK IAMAChIHBIH KO-
CBHIHJIBICBIMECH aHBIKTAJIATBIH, MeH acep emyuii KYIITEeH aTMacThIpyFa O0Jabl.

Jleneniy maccacwvi—inrepinemMeni KO3FalbIC Ke31HACT] JEHCHIH HHEPTTUIITH CH-
MaTTalTHIH (U3UKAIBIK 1MaMa. JIeHeHIH Maccachl HEFYPJIbIM YJIKEH 00Jica OHBIH KO3-
FAJIBIC KYWIH ©3TepPTy COFYPJILIM KUBIHFA COFATHIHBI JAJIeTACHTeH. KiaccukaibIK me-
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XaHHUKa/Ia JCHE MacCachIHBIH KO3FaJIbIC Ke3iHJe /e, 0acKa JeHeJIepMeH acepiiecy Ke-
3iH/€ J€ ©3TepMEUTIHI AenenaeHTeH. JleMek, Macca KiIacCUKabIK (pr3nkama e3rep-
MEWUTIH IIaMa—MHBapPHAHT.

2.3 HbI0TOHHBIH eKiHIIi 3aHbI-MaTePUsJIbIK HYKTEe JNHAMMKACHIHBIH He-
ri3ri 3aHbl

HbIOTOHHBIH €KiHII 3aHbl TOKIpUOE JKY31HE aHBIKTAIIbL: MAMEPUSIIbIK HYK-
menin yoeyi oean acep emyuli Kyuike mypa npoOnOpUUOHANl dHcaHe Oavlmmac, dJl
HYKMe MAccacblia Kepi nPonopyuoHa.l

a=" (2.1)
m
m = const OoJsiFaHIbIKTaH, HbIOTOHHBIH 3aHbIH ObLIal Ka3yFa 00J1a bl
Fema=m3%-9m.p=9P (2.2)
dt dt dt

MYHJArbl P=M-0 - UMNYJIbC HCEMCCC MaAmepusilblK HyKme K032ajblc Meﬂmepi.

JleMeKk, mamepusnvlK HyKmMeHiy UMRYIbCIHIY 032epy HCbLI0AMObIZbL 02AH ICEP
emyui Kyuke medy.
JlnHaMUKaHBIH HET13T1 3aHBIH MbIHA TYPJE /1€ *Ka3zyFa 00aibl:

- - - o> -

t
dp=Fdt Hemece Ap=p,—p, =Jth (2.3)
0
MamepusiblK HYKme UMRYIbCIHIY 632epIcl 02aH acep emyull Kyul UMNYIbCIHe meH.

2.4 HoI0TOHHBIH YUIiHIII 3aHbI

MartepusiblK HYKTenepaiH 0ip-OipiHe TUTI3reH Ke3 KeJTeH acepl o3apa dCepiliK
cUIaTTamara ue O0JaJbl: eKi MamepusiblK HYKmMeHiy e3apa acep Kyuimepi Mooynioepi
OOlbIHWA MeH JHCIHE 011apObl KOCAMbIH MY3) OOUbIMEH Kapama-Kapcovl 0a2ulmman-
2an 601aovl

F,=-F,. (2.4)

ocep eTylIl JK9HE KApChl acep Tyl KymTepaiH Taburatel 0ip. Onap apTypai
MaTepHsIJIBIK HYKTEJIEpre dcep eTKeHIIKTeH Oip-0ipiH TeHrepmeiini (F,, - eKiHII HYK-

T€ JKaKTaH OIpIHILI HYKTEre acep €TeTiH Kyll, F,,-OipiHIlll HYKTE *aKTaH eKIHIIIre
acep eTeTIH KYII).
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2.5 KaTTbl feHeHiH UrepijiMeJii KO3FaJbIc ITMHAMHMKACHIHBIH HETI3Ti 3aHbl

Kartel neneHi — mexanuxanviy scyiie peTiHae, SsFHA OIpTyTac Kyile KypaTblH
HYKTEJIEp KUBIHTBIFBI PETIHE KapacThIpyFa 0osaabl. MexaHuKabIK KyHeaeri maTe-
PUSIIBIK HYKTEJEp apachIHIAFbl KYIITEP [wKi Kyuimep AN aTayiaibl. MaTepusiIbIK
HYKTeJep KyieciHe Oacka JeHenep ocepiHeH maiiga OOaThiH KYIITI CbipmKbl e
ataiapl. CRIPTKBI KYII 9cepi OOIMANTBIH MEXAHUKAJIBIK KYHE mYublK dcytle (oKuay-
JlaHeaH) et aTaiajbl.

HbIOTOHHBIH eKiHIII KOHE YIIIHII 3aHbIH O1pre KoJaaHy *KeKe HYKTE JUHAMU-
KachblHAaH MaTEPUSUIBIK HYKTEJEep JKYMECIHIH JMHAMHMKACBhIHA KOIIyre MYMKIHIILIIK
oepei.

KaTTel neHeHiH iarepiaMeri KO3FajablC TUHAMHKACBIHBIH HETI3r1 3aHBIH MbIHA
TYpJle KepceTyre 00aibl:

N _y coipmbl
_y coipmbl

dp_ F HEMece PO (2.5)
dt m

2.6 Mexanukaaarbl Kyl TypJiepi

1. Tapmuinvic Kywi (epasumayusiivl Kyu).

Bykin aneMik TapThUIbIC 3aHbI OOMBIHIIA SPTYPIIl €Kl MaTepUaNIbIK HYKTEIep
01p-OipiHe Oenrial Oip KYILIIEH TapThLIa kI, OJ1 KYIII OJapAblH MaccajJapbIHbIH KoOeH-
TIHJICIHE Typa MPONOPLUUOHAI (M, XKOHE M,) KOHE apaKalIbIKThIFbIHBIH I' KBaAPAThI-

Ha Kepi IPOIOPIMOHAT:

(2.6)

MYHJIaFbl = 667-107" - TpaBUTALMSIBIK TYPAKTBIJIBIK.

2
Ke

Heneni Xepre Tapty kyun ayeipavi kywi P nen atamanbl. Tek Oip raHa
aybIPJIBIK KYILIHIH 9CEPIHEH XKOFapblFa KOTEPUIreH JAeHe kepre Kyjanasl. OcblaaH,

P=mg, (2.7)

MYHJIaFbl M —JI€HE Maccachl;

g —€pKIiH TYCY YIeyi.

Erep XKepnin 3 eci OoHbIHINIA KYH/IK allHaTyblH €CKEPMECEK, OHAA aybIPIIbIK
KYIIIl TPaBUTAUSIIBIK TAPTHUIBIC KYIITIHE TeH 00JIaIbl.

mM
Rz’

mg =y (2.8)
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MyHAarbl M xoHe R, — XepaiH maccacel MmeH paauychl (XKep OeTiHe *KaKblH
xepae aeHe MeH JKep LEHTpIHIH apaKalIbIKTBHIFBl KYBIKTaFaHa OHBIH paauyChbiHA
TEH).

CoHFbI TEHJICYICH ¢ - H aHBIKTAl, CaH MOHJIepiH KoitFana JKep OeTiHe KaKbIH
HYKTEJIep YIIiH €pKIH TYCY YJCYIHIH CaH MOHI1 KEeJIIIT ITbIFa Ibl:

9=y 0 ~o81’t.

2
R c

Jlene canmMarbl aen AeHeH1H JKepre TapThUly KYIIHIH 9CEPiHEH TIpEKKe HeMece
acriara TYCIpETIH KYILTI alTaMbI3.

AYBIpIBIK KYIIl OpKaIllaH ocep €Telll, ajl caJMaK JEHEere aybIpJbIK KYIIiHEeH
Oacka Jia Kymrep acep eTkeH e naiaa 6omnaasl. XKepre KaTbICThI ICHEHIH YEYy1 HOJTe
TeH OOJIFaH/a aybIPIBIK KYIIl JCHEHIH caJMarblHa TeH OoJajbl. AJl KepiciHiie 0oJ-

FaH xarjgaih P =m(g—a), MyHJIarel a - JeHeHiH JKepre katbicThl yaeyl. Erep nene

ayBIPIBIK KYIIIl OPICIH/IEC €PKIH KO3FalaThiH 0oJica, OHAA a = ¢ KoHE JCHEHIH cajiMa-
FBI HOJITE TEH 00J1a/1bl, SIFHU JIEHE CaJIMaKChI3 00JIaIbI.

2. /lenenin yuikenic kywi neHe 6eti 0acka I€HEeMeH YiikeneTiH 6osca naiaa 60-
Tajbl:

Fop = KN (2.9)

MyHAarbl k -01p-OipiMeH YHKENeTiH JeHEHIH TaOuraThbiHA OallaHBICThI Maija
OOJIaThIH IEHEHIH YHKeNic KO3 PUIMeHTI;

N —ylkenetiH O6errepai Oip-OipiHe KbICaThIH HOpMaib (MEPIECHIUKYJISIP) KbI-
ChIM KyImi. YHKeNiC Kymr YHKeneTiH Oerrepre skaHama Ooiam OarbITTaNIbIN JCHE
KO3FaJIbIChIHA KapaMa-Kapchl OaFrbITTaaFaH 00J1aIbl.

3. Cepnimoinix xywi nepopMmanusiianrad JeHenepiaiH Oip-OipiHe ocepiHeH
natiga 6onaael. On aeHe OeIIIeKTEepiHIH Tele-TeHIIK JKaFJaliblHaH aybITKy IITaMachl-
Ha X MPOTOPIIMOHAII KOHE TeTle-TeHIIK JKaFaaiiFa Kapail 6arbiTTasirad. OFaH cepimne-
HIH CO3bUTYy HEMECE CBHIFBUITY Ke3iHHeri nedOopMaIusHblH CEePIIMAUNK KYII MbICAT
Ooaael:

F =—kx, (2.10)
MYHJAFbl K - CEpINIeHiH KaTaHbIFbI; X -CEPIIMIUIIK 1e(OpMaIUsCH.
2.7 JDHeprus, Kyl ;KYMbICBI, KyaT
OHepeuss — dPTYPIl KO3FAIIBIC KE31H/IeT1 MaTepUSHBIH KYHIH CHUIIATTAMTBIH I1a-
Ma. MatepusiHbIH OpPTYPIIl KO3FaJIbICBIMEH SPTYPJIIi SHEPTHUsUIAp bl OalIaHBICTHIPA/IBI.
Onap: MEXaHUKAJIBIK, KBLUTYJIBIK, JICKTPOMArHUTTIK JKOHE T.0.

JleHeHIH MEXaHMKaJIbIK KO3FAJBICHIHBIH ©3Tepici, COHBIMEH KaTap OChl KO3Fa-
JBICTBIH, SHEPTUSICHI, OFAH dCep €TETiH 0acKa JeHenep KYIIiHIH oCepiHeH OOoaipl.
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Ocbl Kymrep *KyMbIC aTKapazbl. Kyul scymulcyl KO3FAIBICTBIH Oepiily IamMachIMeH
HeMmece Oip JIeHeeH eKiHII JeHere ©TETiH YHePTHs IaMachbIMEH CUIIATTalabl.

&z(E-d?):F-|dr|-c03a=F-dS-c03a=Fs-dS, (2.11)

MyHZaFbl dS = |dr| - dt a3 yaKbIT apaJIbIFbIHIAFbl OPBIH aYBICTBIDY;

N

a—HYKTere £ ocep KyIIiHiH OarbIThl MEH dr OpPBIH aybICTHIPYBIHBIH OaFbIThI

- . . -
apaceIHAarbel OypeIll F, = Fcose - F KymIiHiIH d r OaFbIThIHA MPOEKIMSCHI (HEMece
5
v );
- - .

dS; =dS-cosa - dr OpbIH ayBICTHIPYBIHBIH F KYIIiHE OaFbITTaJIFaH MPOCKIUS-

col (2.1 cyper).

. . « - .
Jlene 1 HykTeneH 2 HYKTere AeiiHr1 TpaekTopus OOMbIHAA F KYWITIH A , XKY-
MBICBI OCBhI TPA€KTOPHUSAAAFbl OapJIbIK IIEKCI3 Killll 3JIEMEHTap >KYMbICTAPIbIH anreo-
pabIK KOCHIH/IBICHIHA TEH

2 -
A,=[Fdr=[F-ds=[F-.ds (2.12)
1

Erep F, = f(S) Ttoyenainiri rpadukrik Typae oepince (2.2 cyper), )KyMbIC A ,
[ITPUXTaFaH (UTYPaHbIH ayJaHBIMCH aHBIKTAIa/IbI.

- F
F .
|
dSF | IFs 5 ¥
l S
N i ) dr o L aa
a N O
df FS 2 Az ]

S
'7
ol s #dS S,

—

5
2.1 cypet-d r OpbIH aybICTBIPYBIHBIH F
KYUIIHE OaFbITTAIFaH MPOEKIMSICHI

2.2 cypet - JKyMBICTBIH IpadUKTIK
AHBIKTAMaChI

JKyMbIC sxacaiThiH KYIITEp €Kire 0eiHel: KOHCEPBATUBTI )KOHE KOHCEPBATHB-
Ti eMec.

Erep kymrig >KyMBICHI ICHEHIH OacTallKbl )KOHE COHFBI KYHMIMEH FaHa aHbIKTa-
naThiH 00JICa, IFHU OHBIH TPASKTOPHSICHIHA TOYEI Al OoMaca, MyHIal KYIITEPll KOH-
cepgamusmi (nomeHyuaiowvl) NeN aTanbl, olap YIIH KYMBIC dPTYpIIi xoygapaa Oip-
newt 60aapl:

A&,a,z = A1—6—2 = Al—z’
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MYHJArbl A ,, XOHE€ A ,, - HYKTe | OpbIHHaH 2 OpbBIHFa 1-a—2 XKOHE
1—b—2 TpaeKTOpHsIapbl OOWBIHIIIA OPBIH AyBICTHIPFAH KE3/eT1 MOTEHITUAIBI KYIII-

TiH JKyMBICHI (2.3 cyperT).
HykreHiH KapaMa-Kapchl OarbITTarbl KO3FaIBICHI MPOEKIMSUIBIK KYIITIH F, 0a-

FBITBIH ©3TePTE/Il KOHE OHBIH >KYMBICBIHBIH TaHOACHl e3repeni: A, ., =-4, . ,. COH-

JBIKTAH J1a MOTCHIMAIbl KYIITIH TYWBIK 1-a—2—-b—1 TpaeKTOpHSIAaFrbl KYMBICHI-
HBIH KOCBIHIBICHI HOJITE TEH;

i (Al—a—Z—b—l =AatA L =AL AL = 0)'

1-mi koHE 2-1111 HYKTE KOHE TYHBIKTaIFaH

1-a—2 J9HE 1—b—2TpPaeKTOPUIIAPEl EPKIH

0 tannanrad. COHIBIKTaH, apmypii myuvlk mpa-

1 eKmopusi0azvl HyKmMeHiy, nOmanyuaiobl KyuliHiy

2.3 cyper - 1 HykTe MOJIbIK HCYMBLCHL HO2E MEH.

2 HYKTEMEH OPBIH aybICTBHIPFaH
Ke3J1eT1 MMOTEHIIUAJIIBIK KYIITIH
KYMBICBI

fFdr=o (2.13)
L

[ToTeHrman bl (KOHCEPBATUBTI) KYIIIKE

aybIPJIBIK KYIIIH, 3JIEKTP 3apsATapbIHbIH €3apa dcepiiecy KyIIiH, CEpPINIEeHIH CepriM-
JUTIK KYIIH KaTKbI3yFa 00J1aIbl.

Erep xym acepi HOTHXKECIHAE TYHBIK >KYHEHI Ke3 KEITreH OpbIH aybICThIpYa
aTKapbUIFaH KOCBIHJBI )KYMBIC Tepic Oosca, MyHAall KYIITEep AUCCUMIATUBTIK KeIepri
KYIITep KoHcepsamuemi emec (nomenyuanobl emec) Ner atanaabl (MbICAIIbl, YHKETIC
Kywrepi). OnapAblH oCEpiHEH XYHEeHIH MEeXaHUKAJbIK SHEPIrHUsIChIHBIH O1p Oeiri
SHEPrusiHbIH 0acKa TYpiHE, MbICAJIbl KbUIYJbIK YHEPrusicbiHa aybicaabl. Erep mare-

-> -

pUaNIbIK HYKTere Oip yakpITTa OlpHEeIie Ky acep erce F, F,.....F,, OHaa oJapabiy dt

YaKbIT 1IIHE KOPBITHIHABI )KYMBICHI 9P KYIII aTKapaThIH KYMBICTBIH aareOpaiblK KO-
CBIH/IBICBIHA TEH;

1
{
=

(2.14)

N
MyHna dr -HYKTeHIH dt yakpIT OOWBIHINA PaIlyC-BEKTOPBIHBIH ©3repici,
— n -
F=YF.
i=1
ATKapbUIFaH JKYMBICTBIH JKbIJJIAMJIBIFBIH CHIIATTAY YIIIH Kyam JETeH YFbIM

EHT13eMI3;

NoR_Fdr gy (2.15)
dt  dt
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3 apic Ne 3. KaTTbl JeHeHiH aiiHAJIMAJbI KO3FAJIbIC JTMHAMHUKACHI KIHE
OHBIH Heri3ri Tenjaeyi

Jlopicmiy mazmyHvl: KaTThl JEHE TUHAMUKACHI.
Hopicmiy maxcamul: KAaTTbl JeHE TUHAMHKACHI CHUMATTaMajapbIHBIH MOHIH
aIlIbIT KOPCETY KOHE OHBIH HET13T1 TeHJCY1H KOPBITY.

3.1 Kym1 momeHTi

JleHe aifHaly YIIIH OFaH TYCIPUIETIH KYII OCbKe OaiIaHBICTBl MOMEHT TYBIPYBI

KaKeT. F kywiniy momenmi doen Kozeammaimuin O (3.1 cyper) nyxmecine xamovicmol
BEKTOP/IbI AUTAMBI3.

AZ:[?E} (3.1)

MYH/IaFbl r - KYIITIH TYCIPUTYy HYKTECIHIH PaJlnyC-BEKTOPBIL. M BEKTOPBI O HYK-
Tecl apKbUIbl oTel. O cypeT Ka3bIKThIFbIHA MEPIEHIUKYIISAp JKoHE 013re Kapai Oa-
FBITTAJIFaH.

Ky1r MOMEHTIHIH MOAYIIHIH TEHACY1:

M=r-F-sina=F-I, (3.2)

myHzarsl | =S @ _ gyir uini gen aranagel (O HYKTECIHEH KYII ChI3bIFbIHA

KYPri3UIreH NePIeHIUKYIISP).

3.1 cyper - Ky MmoMeHT1

KosranmaiiTeiH Z och aliHaJIaChIHJIA JieHE alHallFaH Ke3je aifHaTy MOMEHTIH
OFaH ocep eTyii Oip FaHa KYIITIH KypaylbiChl TyIeIpanbl (3.2 cyper), Joipek anT-

KaHzaa F. HYKTE TPACKTOPHUACHIHA KYPri3UIreH KaHama.
Jlemek, F kyminig MomeHTi O koopdanam 6acvina 6atiianblcmel MbIHAFAH
TEH;:

M:F%} (3.3)
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. o . (v -
3.2 cyper-KosranmaiTeiH Z oci OOWBIMEH JICHEHIH aifHaTybl M BEKTOPBIHBIH OaFbIThI
CypeTTe KOpCETIIreH.

OHBIH MO/TyJII MbIHAFaH TEH;

M=F -r (3.4)

* ~ - . -
Z oci OotibIHIIA M, Kyut momenmi (3.2 cypeT) M BEKTOPBIHBIH OCBI OCBKE TY-
CIpUIr€H MPOEKIUSACHI.
On Z oci 6ouvinwa 6arbITTAIIFaH, HAKTHI HYKTEC1 )KOK, OHBIH MOJYJII MbIHaFaH
TEH!

M, =Mcosp=F -r-cosp=F -R, (3.5)

5
MYHJIaFbl R — Z alHaly OCIHEH F, KYIU ChI3bIFbIHA JEHIHT1 KAIIBIKTHIK.

3.2 JleHeHiH HHepUMsSI MOMEHTi

JleHeH1H MHEPLIMS MOMEHTI-ICHeHIH aifHaTy Ke31Her1 MHEPTTUIITH CUITaTTa-
THIH Il1aMa.

InrepinmMeni Ko3FaibIiC TUHAMHUKACBHIHA JACHEHIH WHEPTTLIITH OHBIH Maccachl
aHbIKTaabl. JIeHeHIH aliHaJIMaibl KO3FAJIbIC JUHAMUKACHIHIAFBl KAaCUETTEP1 1Irepui-
MeJll KO3FalbICKa KaparaHia Kyp/iesi 00Jiajibl.

Mamepusnvly nykmeniy J, uHepyus mMomewmi aiiHally oci OOWBIHIIA HYKTE
MacCacChIlHBIH M HYKTEJEH OCBhI OChbKE JEHIHT R apaKallbIKTHIFBIHBIH KBaJIpaThIHA
KOOEHTIH/IICIHE TEH

J, =m-R? (3.6)

[eneniy unepyus momenmi atinany ocine bainaHvlcmul OHbIH OapibIK MaTepus-
JIBIK HYKTEJIEPIHIH UHEPIIMSI MOMEHTTEPIHIH KOCHIH/IBICHIHA TEH;

n

J, = Alrimo;mi -R? (3.7)
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AMHaJIMaJbl KO3FaJIbIC KE31HAET1 JICHCHIH MHEPTTUIIrHEe JIeHEe MiIliHI MeH reo-
METPHSUTBIK ©JIIIIeMi, aifHATy OCIHEH KaHAal KAIILIKTHIKTa OpHAIACcyhbl, MACCAHBIH KO-
JIEMJTIK OPHAJIACYBI 9CEP ETEI.

3.1-xectene kehOIp AYPHIC TEOMETPUSIIBIK MIITIHAL JEHEICPIIH WHEPIUSI MO-
MEHTTEp1 KENTIPUITeH.

3.1 kecte
Jlene A¥Hany ociHiH opHana- | MHepuus mo-
CYyBI MEHTI

Kybic sxyka kaObipranel pagumycbl R | CummeTpus oci mR 2

ITAJTUHAD

Pannycm R Tyrac muinuHAp Hemece | CuMmmeTpus oci 1 R?

JOHCK1 2

¥Y3bIHABIFBI | KIHIIIKE CTEPIKEHD Ochb CTEep>KEHHIH OpTachl 1o
apKbUIbI ©TE/1 KOHE OFaH 12
NEPHeHAUKYJIISP.

Panuycel R TyTac map CummeTpust ochl 2 R?

Erep aiiHany oci JeHeHiH macca IIEHTPl apKbUIbl ©TIEHTIH 00Jica, OHBIH UHEP-
1ust MOMEHT1 [lImeiinep meopemacwsl apKbUIbl aHbIKTaNANbl. [[Imetinep meopemacol
Ke3 KEJITeH OChbKE KATBICThI J€HEHIH MHEPLHS MOMEHTIH J, OCBhl OChKE IMapajuieib

KOHE Maccajap IIEHTP1 apKbUIbl OTETIH OCbKE KaTBICTHI JCHEHIH J. WHEPIUS MOMEH-

TIH OCBI OCBTEp apaKalIbIKTHIFbIHBIH KBAJIPAThIH JIEHE MaccachblHa KOOEUTIN KOCKaHFa
TEH:

z \Z J; =Jc+m-a® (3.8)

Mpicanbl, OIpTEKTI KIHIIIKE Y3bIHABIFBI | Maccachl
1 m crepkeHHiH uHepuus mMoMmeHTi (3.3 cypet) Z' ocbhine

( I 0

/2

I 2
r—»h—d
J ' KaThICThI MbIHAFAH TEH:
3.?? CYPET - biprekTi o1, D ,
KIHILIKE CTEPKEHb J, =Jc+ma :Eml +mZ=§mI :

(3.9)

AljfHany OCiH Maccajiap IEHTPIHEH CTEp>KEHb VYIIIbIHA KOIIpPCEK, OHBIH MHEP-
1Al MOMEHTI 4 ece apTajbl.

3.3 AHAJAMAJIBI KO3FAJIBICTAFbI JIeHEHIH KYMBICHI JKOHE KHHETUKAJBIK
JHEPrUsChI

- . . . ~
Karter nenere F kymi ocep ercid. JKorapwima Z ocbiHe OalIaHBICTBI dcep

- -
eTyl F KYIITiH JeHe KO3FalbIC TPAeKTOPHICHIHA KaHaMa Kypaylibichl F, KaHa aii-
HAJIBIPYIIBI MOMEHT TYABIPATHIHBIH KOPCETKEH €iK. OTe Kimi dt yakpIT 1IIiHae Je-
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HEe IIeKCi3 ki de OypeIiKka Oypeutanbl. Kyl TyckeH HyYKTe dS = R-de KOJIFa bIFbI-

N
cambl (3.4 cyper). Kymrin F, kypaymbicel dS moFara xaHama OOMBIHINA OOJIBII,
OHBIH JCYMblCbl MbIHA ©PHEKIIEH aHbIKTala bl

SA=F -dS=FR-dp=M, -dg (3.10)

Atinanmansl OeHeHiy KUHeMUKAIbIK dHepeusicbl OHbIH OOJIIICKTEepPIHIH KUHETH-
KaJbIK JHEPTUSIAPBIHBIH KOCBIHIBICBIHA TeH XoHE (v, =R -®) OpHEKTI eckepi,

SHEPrus YUIIH MbIHA TEHJEY 1 XKa3yFa 00Jaabl:
2 n 2
m. -v m; -

nm. 2. J. -’
_yMmeor N e @ Ny p2=2 @ (3
E =) , TXT g R lem ; 5 (3.11)

z JIeHeHIH >Ka3bIKTHIK OOMBIHIIA KO3FAJIBICHI
Ke31H/e, MbICAFa IWIMHIP/AIH UIrepiieMeNl KUHe-
TUKAJBIK HSHEPTUSICHl KOHE alHaJIMalibl KO3FaJIbIC
SHEPTUSICHI KOCHUIAIbI:

m-v; J.- o

E =Tl (312)

MYH/a M—aiHaJIyIIbl ICHCHIH Maccachl;
v.—JICHEHIH Maccajap LEHTPIHIH KbUIIaM-

JIBIFBI;

3.4 cyper - AWHaITYIIIBI JCHEHIH : :
J.—MaccallbIK LIEHTPl apKbUIbl OTETIH OChKE

JKYMBIC aHBIKTaMacChbl . .
KaTBICTHI JICHCHIH MHCPLIUS MOMCHTI,

@—alHaTy OYPBIITHIK XKbUITAM/IbIFbI.

3.4 KaTThbl JeHeHiH aiiHAJIMAaJbl KO3FAJbIC JUMHAMHKACBIHBIH HEri3ri TeH-
aeyi

_y Colpmbl

AitHanManbl Ko3ranbicTa F KYIITIH 9CEpiHEH JCHEHIH d¢ OYpHIIbIHA OY-

pBUTYBI Ke3iHeri Kymn )kyMbIChl (3.10) OHBIH KMHETUKAJBIK dHepruschiabiy (3.11) ap-
TybIHA OKEJIII COFaIbl:

o J, -0’ de dw do
A=dE , M, .dp=d(—~%2—)=J,w-dow HEMECE MJ"™ .~ =] 0—=] —¢,
« z ® ( 5 ) 0w z dt 2941 2 4t
N Mcmpmk’hz
Me#P™ =7, . g HEeMece 5:3—. (3.13)
z

Kartel neHenHiH aliHaaManbl KO3FaJIbIC JMHAMUKACBHIHBIH HET13T1 TEHCY1: alHa-
JIYUbl OeHeHiy OYpbluumvlK yoeyi Oenellepee MYycipileen Kyul MOMEHMMEPIHIH KO-
CHIHOBICLIHA MYPA NPONOPYUOHAN, ANl OEHEHIH AUHANLY OCiHe KambvlCmbl UHepYUs Mo-
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Mmenumine kepi nponopyuonan. Kenripinren (3.13) epHeKkTeH KopeTiHIMI3 aifHaIy OCi-

He KATHICTHl JIEHEHIH HMHEpPLIUs MOMEHTI TypakThl Oonca (MS”™ =const), oHJa

J_ = const) OYPBIIITHIK YAEY J€ TYPAKThI & =const. Erep M&*™ =0, onma & =0 - 1e-
2 Yp YACY Yp p WMy
HEe O1pKaJIBINITHI aitHAIaIbI.

4 Jlopic Ne 4. MexaHUKAAaFbl CAKTAJY 3aHIAP

Hopicmiy mazmynel: MEXaHUKAAAFbl CaKTally 3aHIapbIH KapacThIpabl.
Hopicmiy makcamvi: UIMIYJIbCTIH, SHEPTUSHBIH, UMIYJIbC MOMEHTIHIH CaKTaJIy
3aHJapbIH TYCIHY.

4.1 UMnyabCTiH caKkTaly 3aHbl
_y Cblpmbl
TyibIK xy#iere CBIPTKBI KymuTep acep erneimi (F =0). CoHOpIKTaH Ja 1u-
HaMHUKaHbBIH HET13T1 3aHbIHAH (2.5) MbIHA/Iall ©PHEK KEeJII IIbIFa/Ibl:

dp=0 HEMece p= > m ;, = const (4.1)

i=1

Tyiivix orcyiiedeci mamepusivlK HyKmenep UMNYIsCi yaKuvlm OOUblHua e32ep-
Meloi.

byn TaburatThiH ipreni 3aHbl. OJ KEHICTIKTIH OIpTEKTI OOJYBIHBIH Calllaphl:
JI€HEH1 TYMBIK JKyHeae mapajijiellb KOIIPreHae OHbIH (PU3HKaIbIK KacCueTTepl e3rep-
MEWU/II.

4.2 MexaHMKAJIBIK YJHEPTUSTHBIH CAKTAJY 3aHbI

KoHcepBaTuBTI Xyleneri TOJMbIK MEXaHUKAJIBIK YHEPTUsl YaKbIT OOMBIHIIA ©3-
repMmeini:

E, +E, = E=const. (4.2)

Ky¥ieHin sHeprusacbl Oip TYpAEH €KIHIIl Typre OTiM, Xyhe OeJeKTepiHiH
apacblHa OeiHeal Oipak, >KyHEeHIH TOJBIK SHEPTUSICHIHBIH ©3repici OapJbIK MpoLecTe
JIe OChI XYyiere ChIpTTaH aJIbIHFAH SHEPrusgra TeH OoJiafbl. byn TaOuFarThiH ipreni
3aHBIHBIH O1pi. bys 3aH TaOuraTTa yakbITTHIH OIPTEKTUIITIHEH KEJIIN IIBIFATHIH Call-
nap OOJbBIT, yaKbITTBIH OacTanKbl ME3€TIHE CANBICThIPFaHa (PU3UKAIIBIK 3aHIap IbIH
WHBApUAHT (63repMEUTIH/IITIH) €KeHITTH KOPCETE/I.

23



4.3 UMIyJIb¢ MOMEHTI 7K9HE OHbIH CAKTAJIY 3aHbI
Maccacel m; KaTTbl JE€HEHIH KIIIKeHTal OeJIIerin KapacThlpablK. OHBIH KbLJI-

- -

JTAMIBIFBI J. YKOHE OFaH KATBICTBI UMITYJILCI p, =M. -u, HYKTE TPAeKTOPHUSICHIHA YKaHa-
Ma OOMBIMEH OarbITTAJIFAH.

5
Koszanmavumuin O nykmecine kamuolcmol uMnyibCc MOMEHMI 8eKmopbl L.

—

MAmMepusiblK, HYKmMeHiy paouyc-6eKmopvl I, MeH

I
N

OHbIY UMNYIbCIHIY P, 6EKMOPIbIK KOOeumiHoiciHe
men PU3UKATLIK wama:

L :[?i ﬁ}[ﬁ mi;] (4.3)

—

NMIyabC MOMEHTI BEKTOPBI L, BEKTOPJIIBIK

4.1 cyper-IMItyibC MOMEHTIH

KOOEUTIH/II epeXXec] apKbUIbl AHBIKTAJIBII, alHA
aHBIKTAYy Al ep PX K ’ y

oc1 OOMBIH/IA KATa/IbI, aJl OHBIH MOAYJII MbIHA

OPHCKIICH aHBIKTAaJIaAbI:

L =r-mu,. (4.4)

5
Mamepusnvlk HykmeHiy Z OCiHe KamblCmbl UMNYIbC MOMEHMI 6eKmopbl L,
N

OCBbl L, BEKTOPBIHBIH allHaJdy OCIHE TYCIPUIT€H MPOEKUMUACHl apKbLIbl aHBIKTAIA/bI.

O aifHaTy OCiHJIE KaThIP KOHE OHBIH MOJTIYJI1 MbIHA TEHJICY apKbIIbl aHBIKTAJIA/IbI:

L,=Lcosp=r-muv cosg=R-muv,. (4.5)

-

KarTel neHeHiy Z ocvine kamvicmol L, UMRYIbC MOMEHMI 6eKmMOopbl OAPIIBIK

R
HYKTEJIEpIHIH L, BEKTOPJIAPbIHBIH KOCBIHABIChIHA T€H. bapiblK BEKTOpJap aiHaIly
OCIH/IE KaThIp KoHE Oipjel OarbiTTanFad. OnapablH MOyl MbIHaFaH TEH.

L= moR=% mRo=03mR=]
VA ; |U| i ; i |w a); [ za) (46)

(4.6) Tenirin BEKTOPJIBIK Typ/e Oblaaii xa3yra 0oJa b
L, =J; o 4.7

(4.7) yakprt OoiibiaIna nuddepenimanan (J, = const) (4.4) MbIHa ©PHEKTI aJia-
MBI3:
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d Lz — szd_io — ‘Jz Z — M;blpmbl (4.8)

B¥H KaTThbl I[eHeHiH allHaJIMaJIbl KO3faJIbIC JTUHAMUKACBIHBIH Heri3ri 3aHbIHBIH
-

Oip TYp1: ocb OoubiMen Kammul OeHeHiH auHany Ke3inoeci UMnYabc MoMeHmi L, ya-
Kblm OOUbIHUA MYBIHOBICHL COJl OeHe2e acep ememin CblpmKbl Kyumepoiy MOMeHmi-

ne (M£7™ ) mey. COHFBI TEHIIKTI ObLIAM 5Ka3yFa 0OJIaIbL:

d L_; — Mgblpmbl .dt (49)

Avnanyusl OeHeHiH UMNYIbC MOMEHMIHIY 632epici 02aH acep emyuli ColpmKbl

KywmepOiy acepinen 6onaovl. TYMBIK XKylene ChIPTKI KYIITEPAIH MOMEHTI M 10%°%
HOJITE TCH:

—

dstZ =0  KOHE L, = const. (4.10)

byn TeHJiK UMMYyJIbC MOMEHTIHIH CaKTaly 3aHbIH KYpalibl: KO32aIMAUmMvlH
0CbKe KamblCmbl OEHEeHIH UMNYIbC MOMEHMI MYUbIK JHcytieoe mypakmsl O0nvin, ya-
Kbl O0UbIHUA 632epMeliol.
Bbyn TyXbIpbIM TaOUFATTBIH 1prefi 3aHAapbiHbIH O1pi OOJIBIT, KEHICTIKTIH H30T-
ponThbl (6apIbIK OAFBITTap TEH KYKBIKTHI) €KSHITIHIH Callaphbl, SFHU TaOWFaTTa OK-
ImayJiaHFaH OaFbITTBIH JKOK CKCHJITH KepceTedi. TYHMBIK XKYHeHIH OYpBUIYBl OHBIH

- -
MEXaHHMKAJIbIK KACUETTEPIH ©3repTe anManapl. L, =J, -@ OHJA TYMBIK )KYyHe YIIIH
]
TEHIIK:
R
J, -@=const. (4.11)

Erep neHeHIH uHEpLHsT MOMEHTI ©3-
repMenTiH 0oJica, OHAA JEHE TYPaKThl
OYpBIIITHIK KbUIAAMJBIKIIEH KO3FaJbIC
xacaiael (J, =const), (@=const), Erep
J, IaMackl e3repce, OHJa @ IIaMachl Ja

e3repeni. Erep J, aptca, onna Mmmynbe

4.2 cypet

MOMEHTIHIH cakTaty 3aHblH JKYKOBCKUUIIIH TOXIPUOECIHEH KO3 KEeTKizyre 00Jiajibl
(4.2 cyper).

4.1 xecte
InrepinemMeni Ko3raibIC A¥WHaIMaibl KO3FaJIbIC
b n
Macca m WMHepuust MOMEHTI J=Ym R?
=1
Kym = Ky momenTi Y :FE}; M=F-I:
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M, :FE’} M, =F,
Nmmyasc > N > | IMImyJ1b¢ MOMEHTI o[-
y p:Z ml b y L= l:ri i:|1
i=1 i=1
- - .
p:mol)c LZ:Z ‘:RI i
i=1
— —
L,=J, o
I[I/IHaMI/IKaHI)IH  copmel I[I/IHaMHKaHBIH Y ;blpmb/
.. .. N .. . . &=
HET13T1 TeHIT1 a=F HET13T1 TEHIIKTEP1 J,
m
— Coipmbl d B M coipmbl d Lz
TS : dt
dt
Kymsic A=F;-dS | XKymbic A=M, -dop
KuneTtnkansix E - m-v? KunetukansIkK dHep- g _do
DHEPIUs ‘ 2 THsI 2

5 Japic Ne 5. Tyrac opra MeXaHMKACHIHBIH 3JIEMEHTTepi

Lopicmiy mazmynsi: TYTaC OpTa MEXaHUKAChIHA KbICKAIIIA IIIOJTY JKacalla Ibl.

opicmiy makcammapwi: TyTaC OpTAIap MEXaHUKACHIHBIH AJIEMEHTTEPIMEH Ta-
HBICY; Ta3gap MEH CYHBIKTapIbIH >Kajlbl KaCUETTEPl MEH 3aHJIbUIBIKTAPBIH AIlIbIIl
KOpCeTy.

T'uopoounamuka—CyubIK OpTa KO3FalbICTAPBIHBIH 3aHbUILIKTAPbIH KOHE OHBIH
JICHEJIEPMEH JPEKETTECYIH 3ePTTEUTIH MEXaHUKAHBIH O1p cajlachl.

5.1 AFpIHHBIH Y3AiKci3aik TeHaeyi

AFBIH TYTIr1 OoO¥bIHAH OOJIIEK KbLIIaM- Si
N >

N
IBIFBIHBIH v, KOHE v, OarbIThIHA NMEPHEHIUKY-

nsp (5.1 cyper) S1 xoHe S: KMMaHBI KapacThIpa-
WBIK. A3 yakpIT apayibIiFblHa Af KMMayap apKbl-
Bl OTETIH CYWBIK Keiemuaepi. S, -u -At XKoHE
S, v, -At.

Cy#bIK CHIFBUIMAMIBI JICT €CenTeCEK, OHa OYJI KejieMiep Oip-OipiHe TeH;

5.1 cypet - AFbIH TYTITI

S,-v,=S,-0v, Hemece  S-vL=CONSt (5.1)
OcChI OPHEKTI aebiHHbIY Y30IKCI30iK meyoeyi Nen aTaubl. Aevin mymiei Keaode-

HeH KUMACHIHbIH CYUbLK A2bICLIHBIY HCHLIOAMObBIZbIHA KOOEUMIHOICT mypakmbl wamd.
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5.2 bBepnyaau TeHaeyi

Kenbey opHanackaH ete Killi KUMaJlapAarbl S, ®oHe S, uaeall CYWbIKThIH KO3-
FAJIBICBIH KapacThIpaitbik (5.2 cyper).

AFBIH TYTIT1 KaObIpFajgapbIMEH KoHE S,
S, KMMaJlapMEH HIEKTENTeH CYMBIK KoJieMl At
YakpIT imriHae O0enrii-0ip KalIbIKTHIKKA bIFbI-
caabl. blrpicy HoTHXKEciHAE S, KUMa |, = v, - At,
an S, kuMma |, =v, At KallIbIKTBIKTapFa >KbLI-
KUJbl. AFBIH Y3UTiCCi3 OOJFaHABIKTAH OJ1 KO-
aemzaep Oipaeit Oomanbl AV =S v At=S,0,At,
AFHU KAMaJlapFa arblll KIPETIH JKOHE LIbIFAaThIH
CYMBIK Maccalapsl Oipaeit 0oJa bl
(m=p-AV).

Kipicreri (S, KuMa) >XKoHE LIBIFBICTAFbI
5.2 cyper (S, kMMa) CyibIK MaccaapbIHBIH TOJIBIK

OQHCPIrUAIapblH MbIHA TYPAC JKa3yra 6onam>1 (KI/IHGTI/IKEUIBIK ZKOHC HOTGHI_[I/IaJII[I)IK)l

2
mo;

2
_my;

E,

+mgh  xoHE E, = + mgh,.

Kumanap apaceiHaa KOCBIMINIA dHEprus maijga OosMaiifbl, COHABIKTaH oJiap
apachIHIaFbl YHEPTUSHBIH ©3repici:

AE= 2 mgh- 2 mgh (5.2)

muv? . mo/

Kumanapnaa ocep erymrn kymrepaiy F = p,S, %oHe F, = p,S, *KYMbICbIHA TEH;
A=pS| - p,S,l, =(p,— p,)AV (5.3)

DHeprus e3repici MeH KYMBICTBI TCHECTIPIIT M= p-AV EKCHJITH eCKe aJcak,

TEHJIIKTEr1 AV KbICKaphIN KeTeai. bipjei nHaeKkcTer mamMaaapabl TeHIIKTIH €Kl xkKa-
FhIHA )KMHAKTACaK MBIHAJIal OPHEK Kl IITbIFaIbI:

2 2

P Uy P U,

2

+pgh +p, = +pgh, +p, (54)

Kumanappl TOK TYTIKILIECIHIH Ke3 KEJIreH HYKTECIHEH ainyfa OOJIaThIHIbIKTaH
COHFBI TCHJICYIl MbIHA TYPJIC *Ka3yFa 00Ja bl
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2

+pgh+ p=const. (5-5)

p-v
2

byn epHek eudpoounamurxanviy Hezizei menodeyi OOJNBIN ecemnteneni ne bep-
2

HYIIU menOeyi Nen atanaapl. MyHIarbl p- cmamuxanvlk, %— OUHAMUKATBIK,

p gh - cuopocmamuxanvix Kvicolmoap AN aTajajbl, al OJIApAbIH KOCHIHIBICHI MO-

JbIK Kblcblm Oonaapl. JleMek, cmayuonap a2vlHbin0agbl udea CYublKmolly MoK my-
MIKWeCiHIH Ke3 KelleeH KUMACbIHOA&bl KblCbiM Dipoetl 601a0bl.

Kynzaenikti Toxxipudere OailiaHbICThI OYJ1 TEHACYAl €Ki JKaFaaiaa KapacThIpy-
ra 00JIaJibl: CYWBIKTHIH TOPU30HTAJ aFbIHBI JKOHE BIJIBICTHIH OTE KiIlll TECITIHEH aFbl-
HEL.

5.3 TYTKBIPJIBIK

Tymxwipaeix 1€Tl HAKThl CYMBIKTBIKTApAbIH KabaTTap apachlHIa 1IIKI YHKENIC
KYOBUIBICHIHBIH TIaiijia 007ybl alThIIaAbl. byl skarmaiina CyHBIKTBHIKTBIH KaOaTTapbl
apachIH/a OJIApJIbIH OeTTepiHe >kaHama OarbITTa IMIKI YHKeNiC Kyl maijga 0oJiajbl.
HproTOHHBIH 3epTTeynepl OOMbIHIIA Oy KYIITIH [IaMachl MbIHA/Iail ©PHEKIIEH aHbIK-
Tajaabl:

F i =77(3T'Z)-S ’ (5.6)

MYH/JIaFbI (;U — KBUIJAMJIBIK TPAJMEHTI, 0J1 Z OChl OarbIThIHAA Olp KabaTTaH
z

EKIHIITICIHEe 6TKEH Ke3/¢ KbIIIaM/IbIK Kalai Te3 3repeTiHiH KOpCeTe/I;

S —KaHacaTbhIH KaOaTTap IbIH OCTIHIH ayJaHbI;

n—ITWHAMHUKAJIBIK TYTKBIPIBIK KO3(PHUIIHECHTI.

[ki yiikesnic KyIIiHiH m1aMmachkl KabaTTapblHbIH OETTECY ayJaHbIHA XKOHE JKbLII-
JTaMIBIKTBIH TPAIUCHTIHE MTPOTIOPITUOHAI.

6 [{opic Ne 6. Tepo6eicTep

Jlopicmiy mazmyHwvl: T9PICTE MEXaAHUKAJBIK dKOHE DJICKTPOMArHUTTIK TepoOeic-
Tepre IOy Kacauabl.
Iopicmiy maxcamei: TepOETIC )KOHE OHBIH HETI3T1 CUIIaTTaMajapbliH OKBII Y-

peHy.

Tepbenic nen OeNriyi yakbIT ©TKEH CallblH KaWTaJlaHBIN OTHIPATBhIH KO3FaJIbIC-
Tap MEH MporecTepi atanpl. Tepoemictep GuU3NKaIBIK TaOUFaThIHA Kapal MexaHU-
KANbIK, 91eKMPMASHUMMIK, 2JIeKMPMEXAHUKALbIK HcaHe m.O. OOJIBITI OeIHE].

Epkin mepbenicmep nen >KyheHiH o3 SHEPrusiCbl ece01HEeH XYPEeTiH TepOelic-
Tepal altanbl. Epikciz mepbenictep AeN CHIPTKbI NEPUOJTHI KYII 9CEPIHEH >KYPETIH
TepOemicTepal auTaapl.
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6.1 MexaHUKAJIbIK TAPMOHUSIBIK TepoeJticTep KoHe 0JIapAbIH CHUIATTA-

MaJjiapbl

MatepusiblK HYKTEHIH TeMe-TeHIIKTEH aybITKybl YaKbIT OOWBIHIIA CHHYC

HEMece KOCHHYC 3aHblHAa Coilkec e3repeTiH Ooica, OHmal TepOemicTepai
2apMOHUANBLIK mepOenicmep NeTl aTaiIbl:

X = Acos(w,t + ), (6.1)

MYHAAFbl A — mepbenic amnaumyoacsl (HYKTEHIH TENe-TeHIIKTeH €H YJIKEH

aybITKYBI);

Tepoe

0Oy
Awmo

(¢

(w,t + ay)—t yaKbITTarbl mepoeric gaszacei,;

@, —YUKILOIK HCULTIIK,

a,—0actankpl (aza, t =0 OonraHAarsl mepoenic ghazacol.

HykTeHiH KbU1aMABIFbl MEH YII€Y1 1€ X CHUSIKThI @, KUUIIKIIEH TapMOHUSIIBIK
Jic xacaisl (6.1cyper):

— U:d—)i:—Aa)osin (ot +a,) = Aw, cos(w, t+a, +%); (6.2)

2
a= % = —Aw} cos(a, t + a,) = Aw; cos(aw, t +a, + 1) .(6.3)

-Amo-

t o .
N \J OnapaplH aMIUIMTyAaNIapbl COMKeCiHIEe Awm, JKOHE

VA
Aw¢ . KeuigamMasik ¢as3acel bIFBICY (a3achiHAH o auna,

aJl YJIey MEH BIFBICY KapaMa-Kapchl (azama 6onansl. Me-
XAHUKATLIK 2APMOHUANLIK mepbenicmepoiy nuddepen-
uanabiK TeHaeyid (6.3) TypiaeHIipy apKbUIbl aHBIKTAyFa

6.1 cypet - [apMOHUSITBIK ~ GoMabl;

TC

poenictep. Opwvin

ayblCMbIPY, HCHLIOAMOBIK d’s

JicoHe yoey epaghuxkmepi.

6.2 F'apMOHUSUIBIK TepOeJricTeri MATepPUsIJIBIK HYKTe JHePrusichbl

Maccacesl m MAaTCPUAJIBIK HYKTC TGHG-TCH)IiKTCH X ImaMara aybITKblFaHadd, OFaH

X wamacvlna NPoOnoOpYUOHAl, ayblmk)y OagvimvlHa Kepi OarbITTanfaH f Kyl acep

erel:

F=m-a=m-Aw} cos(w,t +a, + ) =—Maw; - Acos(w,t +a,) = —Mw? - X (6.5)
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byn keazucepnimoi xyw—koHcepBaTHBTIK Kyll. COHIBIKTaH, TapMOHHSUIBIK
TepOeric Ke3iHJe KUHETUKAIBIK dHEeprus E, MEH MOTEeHIHMAIIbIK 3Heprus E, Oip-

OipiHe TYpJICHIN OThIPabl, ajl )KYHEHIH TOJIBIK YHEPTHUACHI TYPAKThI 00 /Ibl.

Ty3y CBHI3BIKTBI TAPMOHUSIIBIK TEpOEITiC JKacam TYpFaH MaTepPHUSUIBIK HYKTCHIH
KUHEMUKAILIK, NOMEHYUANIObIK HCIHe MObIK dHepeusiiapsl Keneci GpopmynarapMeH
aHBIKTAJIA/IbI:

mo? mA*e;

E = , =, % sin (wpt + ay); (6.6)
f 1 .., malA
En:_J'FX.dxzzmwox = cos“(mwyt+arp) ; (6.7)
0
2 2
E-E +E =E_ =E = mAz“’O — const . (6.8)

6.3 IF'apMOHUSIBIK OCHIJLIISITOPJIAP

["apMOHMSITBIK OCIIMILISATOP A€H KO3FasbIC 3aHbl (6.4) TEeHIEY apKbUIbl CUIIATTAIaThIH
KYHeH1 aiTajpl. ['TapMOHUSIIBIK OCHMIUIATOPFa CEpilmeniK, GU3NKaIbIK KOHE MaTe-
MaTHKAQJIBIK MasTHUKTEp Mbican Oona amanel. Cepinnenixk masmuux (6.2 cyper)—
aOCOIFOT cepIiMIi cepile MEH OFaH LIiHTeH, kBasucepmimai F =-kx (k-—cepimme
KaTaHJIbIFbI) KYII O9CEpiHEH TepOENeTiH Maccackl M JKYKTEH TYPaThIH Kyie. Masr-
HUKTIH KO3FaJIbIC 3aHBbI:

d?x d’x Kk
'?: —kx HEMECEC W:—EX (69)

m

(6.9), (6.4) Terneynepnen cepimmenik mastak X = ACOS(@L T %0) o 6o

HBIHIIIA TAPMOHUSIIBIK TEpOEITiC KacalThIHBIH KopeMmi3. TepOemcTiH MUKIIIK KU
MEH IePUOJIbI KeIeCl OPHEKTEPMEH aHBIKTAJIa b

k 2 m
w, = \/; KoHEe T = o 27r\ « (6.10)
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l+al

kal

mg

mg

v X

6.2 cyper - Cepinnenik MasTHUK

Dusuxanviy masmuux (6.3 cypet)—C macca 1eHTpiHeH ThIc xaTtkaH 0 HykTeci
apKbUIbI ©TETIH TOPU30HTAIb OCTIH alfHAJIAChIHAA AYBIPIBIK KYIII 9CEpIHEH
TepOertic xKacalThIH KaTThl JCHE.

MasTHuk Terne-TeHIIK KaFaaiblHaH Killll o OYPBIIIKA aybITKbIFAHIa OFaH Kepi
OarpITTa 9cep €TETIH aybIPJbIK KYIIIHIH F. KypaylIbIChl

M=-F -/=-mg/sinca =-mgle, (6.11)

KYLI MOMEHTIH TYJbIpaJbl, MyHJarbl ¢ - (PU3HKANBIK MasTHUKTIH Y3bIHIBIFBL. by
OPHEKTI aifHaJIMaJIbl KO3FaJIbIC YILIIH JUHAMUKAHBIH HET13I1 3aHbIHA KOWCAK:

Je=M,

Onnma

d’a

t2

J =-mgla Hemece

MYHJaFbl J— MAasATHUKTIH aWHaly ociHe
KATBICThI HHEPIIAS MOMEHTI.

byn TeHmeymiH Typl TapMOHUSUIIBIK OCIHILISA-
TOPJIBIH KO3FAJIBIC 3aHBIMEH colikec keneni. Omait 60:1-
ca (U3MKaJIBIK MaITHUK TapMOHUSIIBIK TepOeric ka-
caiasl. TepOenic mapameTprepi:

mg /¢ .
O i

T2 o [T . Cven . (6.13) 6.3 cyper — OU3UKAJIBIK Ma-
b mg ¢

. g STHUK

MYHIAFbI ¢, -(U3UKAIBIK MAsITHUKTIH KEITIPUITeH Y3bIHBIFBI JICTT aTaja Ibl:

Ken
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O

(= (6.14)

Mamemamuxanvrs ~ masmuux (6.4 cyper)—
CaJIMaKChI3, CO3BUIMANTHIH, Y3BIHABIFBI ¢ KIIT TIEH OFaH
UTIHTEH, TeK aybIpJBbIK KYII OCepiHEH FaHa TepOeseTiH
Maccacbl M MaTepUSIIBIK HYKTEACH TypaTbiH kyiie. OHbI
2 (bu3MKaIBIK MAaITHUKTIH JepOec Typi peTiHae KapacThIpy-
ra Oonanpl. CoHABIKTaH OHBIH TepuoabiH (6.13) dhopmy-
JaMeH aHbIKTayFa Oonanbl. Tek J OpHBIHA MaTEPUSIIBIK
HYKTEHIH O HYKTECiHE KaThICThl HHEPIUS MOMEHTIH

6.4 cypeT-MaTeMaTUKaIbIK
MasiTHUK

(J =ml*), (puU3MKaNbIK MAATHHMKTIH KEITIPUIreH Y3BIHABIFBIHBIH OPHBIHA JKINITiH

Y3bIHABIFBIH KOO KEPCK:
2
T =27 [T =2EJZ. (6.15)
mg /¢ g

(6.13) xone (6.15) popmynanapabl caabICThIpCaK, (PU3UKAIIBIK MasTHUKTIH T1e-

PUOIBI Y3bIHIBIFBL / =L6onaTLIH MaTeMaTUKJIbIK MasTHUKTIH MEPUOJABIMEH O1p-
Ken mf

nei 6onmaTeHBIH KopeMi3. COHIBIKTAH (u3UKaIblK MASMHUKMIY KelmipiieeH Y3blHObI-
&bl MEH MaTEeMaTHUKaJbIK MAasTHUKTIH Y3bIHABIFBI TEH 00JICa, OHJIA OJIAPBIH MEePHOI-
Tapsl 1a Oipei Ooabl.

6.4 Oumetin TepobeTicTep

Owemin mepbenicmep AN YaKbIT OTKEH CaWbIH OIpTIHIEM oJciped OepeTiH
TtepOenicrepai  aitanel. JKyleHiH TepOelic SHEprusichbl HETI31IHEH YHKeIiCKe
(muccumanusira) OaiaHBICTBI  a3asiaAbl. TYTKBIp oOpTama TepOeicTeri JeHere
cCepmiMAUTIK (HeMece KBa3HCEpIiMJi) KYIIiHEH O0acka KO3FalbIC KbUIAaMIbIFbIHA
MPOMOPIMOHANT  F. =—rv YHKENIC Kyl Je ocep eTedi, MYHIAFbl r—YHUKeNic

—

ko3 uLMeHTi, v —KbUAAMABIK. MuHyC TaHOackl F. MEH o BEKTOpJIapbIHBIH
OarbITTaphl KapaMa-Kapchl O0JATHIHBIH KOPCETE/I.
Epkin emerin TepGenicTepain audpdepenmmanipik Teraeyi: ma =—kx—ro.
2
HEeMece mjt)z(+ rg):+kx =0, HEMECEe:

d*x dx
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MYHJIAFBl g, = \/E —OCBI KYWEHIH epKin mepoe- %
Aok--_
ro o . N TTR e

aiciniy (6 =0) yukndix ocuiniei, § = ——yuxenic ko- [\ [\ N\ N A

n(6=0)y o Y \ N R 9
aghuyuenmi. 0 \/ \/

(6.16) TenaeyniH T§p6ech1H emryl Oasy P ==
(6 << ,) OoNFaHAaFbI MICTTYI:

x=Ae ' cos(wt+a) . (6.17) 6.5 cyper-Omerin Tepoe-
Jic

6.5-cyperte Oy QyHKUMSHBIH Tpaduri TyTac ChI3bIKIIEH KepceTiiareH. Tepoe-
Jic amrmumaTyaacel (A=A, e ’') yakbIT OONBIHIIIA SKCIIOHEHTA 3aHbIMEH Kemwui (6.5-

CYpEeTTe Y3iK-Y3iK CBI3BIKTaPMEH KENITIPIIreH).

Amnaumyoanvly e ece KeMyiHe KemKeH YaKblm pelaKcayus yaKplmsl 0en ama-

1
aobl: T = —.
Fo)

Ouwemin mepbenicmiy nepuoovl Keaeci OpHeKNneH aAHbIKMAalaobl.
To27_ 2% (6.18)

o a3 -6° ’
MYHJIAFbl @ =.|w; —5° — owemin mepoenicmiy YuKioiK HCuiniel.
6.5 Epikci3 Tepoesicrep

HakTtbl TepOenmenni xylienepieri TepOenic olney YUuliH OHbIH SHEPTUs IIbIFbI-
HBIH CBIPTKBI MIEPUOATHI KYIITEP apPKbLUIBI TOJBIKTHIPHIT OTHIPY Kepek. ChIPTKBI IMepH-
OJTHI KYIITEP 9CEPIHEH KYPETiH TepOelic epikciz mepbenic nen aranaabl. MexaHu-
KaJIBIK TepOeIMeni Kyiere acep €TeTiH ChIPTKbl TapMOHUKANIBIK Kyl F, = F cosmt.

byn kymTig ocepiHeH xyie kerneci auddepeHuanabplK TeHISCYMEH CHMATTalaThIH
epikci3 TepOeric Kacan b

d®x dx

ma=-kx-rov+F, Hemece d?+25d—t+a)0x: f,cosmt,  (6.19)

k . .. Lo . o
MYHJIaFbl @, = ‘/— —epKiH ownelumin mepoenicmiy Yukioix Hcuinier,
m
r .
5= 2——emy K03 puyuenmi,
m

f, = Fo -OYJ1 CBI3BIKTHIK OipTeKTI eMec nuddhepeHIHaIIbIK TCHIEY.
m

OHbIH menryi OipTeKTI TeHACYIIH JKaIIMbI menryi X = Aje °' cos(wt + «) MeH Oip-
TEKT1 eMeC TeHJIECYAiH JepOec menTyiHiH KOChIHIBIChIHA TeH. JKOFaphIIarsl TCHICY TIH
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nepoec memyi x = Acos(wt—¢) TypiHae Oonanbl. MyHJaFbl 4 aMILUIUTYAa MEH ¢

OacTanksl ¢aza keneci popmMynagapMeH aHBIKTATAIbI:

fo JKOHE tge = _%

A=
\/(wg—a)z)2+452 @* Wy, — @O

(6.20)

Epikci3 Tepbenic sxuimiri o,, =-/o) —25° 6oIFaHIa aMIUIATYa MaKCHMYM

MoHTe TeH 00mabl. by xuiiik pezonancmoix scuinix nen atanaapl. Pesonanc

. . f
KesiHmeri ammiuTyna A, = .

A 26|t —5°
";‘/,,H, Erep nenre ymrtoeuica, w — 0, oHga 6ap-
I\ oot JIBIK KUCBIKTAD CMAMUKAIblK dyblmKYy

F .
JIeTl aTajnaTtelH A = - INEKTIK MOHIE
m- @,

®

o

TeH 0OJIadbl.

6.6 cypet-Epikci3 Tepoeric

7 Iapic Ne7. TepmoanHaMUKAJIBIK KyiieJep MeH 0JIapAbIH apaMeTpJiepi.
HNnean rasapin Kyl tenaeyiMmen MKTHerisri Ttenaeyi. MakcBeas Tapajysbl.
Boabuman TapasnyJapsl xxdHe bapomerpJik ¢gopmyina

Hopic mazmyHvl: MOIIEKyJda KHHETUKAJBbIK TEOpPHUS 3aHJIbUIBIKTapbIMEH
MakcBest Tapaitybl xKoHE MOJICKYJIajJapIblH CUIIATTHIK KbUIIaMIbIKTapbl. bapomerp-
nik ¢hopmyina. bonbliMaH Tapanysiapbl KapacThIPbLIAIbI.

Hopic makcamvi: CTaTUCTUKANBIK (DU3UKAHBIH 3€pTTEy 9AiCTEepi KapacThIphbLia-
1b1; MakcBesuT Tapajybl )KOHE MOJIEKYJanapAblH CUMATTHIK KbUIAaMAbIKTapsl. bapo-
MeTpiik popmyia. boibliMaH TapanyjaapbiH OKbII YHPEHY .

Monexkynanvlx usuxa AEHENEPIIH OPTYPdl arperarTblK Kyuiepaeri ¢usuka-
JIBIK KACUETTEPIH 3aTTapIbIH MUKPOCKONUSIIBIK KYPBUIBICHI HETI131HI€ 3€PTTEUTIH (Pu-
3uKa 0emiMi. 3aTTapblH KaCHUETTEPl MOAEKYAA-KUHEMUKAIbIK meopusi TYPFhICHIHAH
CMamucmuKaiblk 20ic apKbUTbI 3epPTTEINEI.

Tepmoounamurxaoa Tene-TeHIIKTET] MaKPOCKOTHSIIBIK KYHUEIEepAiH Kambl Ka-
CUETTEP1 MEH OJapJbIH O1p TEPMOJMHAMUKAIBIK KYHJEH CKIHII KYWre aybICy IMpo-
necrepi 3eprreneni. TepMoauHAMUKA KONTEreH TKIpUOe HOTMKENIEPIH KOPBITHIH-
JbIIAY apKbUTBI aHBIKTAJIFaH, KYWENeT] IeHeep TaOuFaThiHA TOYEJICI3 OPBIHIAATHIH
OipHelle bacmama HeTi31HAe KypblUiraH. MoJieKyia-KMHETUKAJIBIK TEOpUs MEH Tep-
MOJIMHAMUKA O1p-01piH TOJBIKTHIPHIN, OIPTYTAC UTIM KYpPanIbl.

Tepmoounamuraneix dacytie nen Oip-OIpIMEH KOHE CBHIPTKBI JCHEIEpPMEH 3aT
NICH SHEPTHUs aIMacyIIbl JapalaHFaH MaKpOCKOMHUSUTBIK JCHENep )KYHeCiH anTaipl.
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7.1 TepMoAMHAMMKAJIBIK MapaMeTpJiep
JKy¥ieHiH KyHiH cUTIaTTay YIIIH XYUCHIH MepMOOUHAMUKATLIK napamempiiepi
(kytt napamempaepi) nen arajnaThlH (U3MKAIBIK Mamanap eHriziaren. Omapra p—
KBICBIM, V — KeJieM, T — TeMriepaTypa, #—KOHIICHTPAIHsI JKOHE T.0. KaTaIbl.
Kwvicvim p — neneHin Oipiiik OeTiHe HOpMaIh OOMBIMEH oCep €TETiH KYIIKE TCH
dF, 1H

dSn ). Onwem 6ipniei — Ia (Ilackans) (1/7a = 1 ). XKyiitenin meunepa-
M

mypacsl — OHbIH OOJIIEKTEPIHIH KBUTYJIBIK KO3FAJIBIC KaPKbIHBIHBIH oiieMi. Ou3n-
KaJia OipHelIe TeMIepaTypaiblK IIKajga KoJgaHbuiaasl. Mbicansl, KenbBuH (77) koHE
Lenvcuri (t) mKananapelHAAFEl TEMIICpaTypajap e3apa TOMEH/ICTT OpHEKIIeH Oaiia-
HBICKaH:

mama (p =

T= t+273,15. (7.1)

Kanvinmet xyiide TepMOAMHAMUKAJIBIK TTapaMeTpiIep Keaecl MoHaepre TeH 00-
Jabl:
p=1,013- 10°I1a; Vy=22,4- 103 n3, T=273,15K . (7.2)

Tepmoounamuxanviy npoyecc NEM KYWEHIH Ke3 KeJreH MapaMeTpiHiH e3repi-
CI1H aliTajbl.

7.2 Unean ra3abiH KYH TeHaeyi

Hoean 2az nen O6ip-OipiMeH ocepiiecy KYIITEpl €CKEPIIMEHTIH, o3apa KoHE
BIJIBIC KAaOBIPFACBIMEH COKTBIFBICYJIApbl a0COMIOT CepIiMJli OOJAThIH PETCi3 KO3Fa-
JBICTaFbl MAaTCPUAIABIK HYKTEJIEP KYUECIH alTaIbl.

Hoean ecazowiy Kyt menoeyi—TepMOINHAMUKAIIBIK MapaMeTpiep apachIHIaFbl
dbyHkunoHanabIK Oannansic: f(P,V,T)=0. Kenreren toxipnde HOTHKEIEPIH KOPHITA

oTeIpbIl, Mennenees (1874), 6ip MoJb Uaean ra3 yiIiH Kejieci TeHACY/ 11 aHBIKTaIbI:
pV, =RT, (7.3)
MYHJIAFbI V,, —Ta3]IbIH MOJISIPJIBIK KOJIEMI,;

ey

R —yHueepcan eaz mypagmoicsl (R =8,31
monw- K

: m . )
Maccacel m, kostemi V = MVM uoean 2azoviy Kyil meHoeyi.

m
V = —RT 7.4
PV =1, (7.4)

byn Menoenees—Knanetipon menoeyi. Knaitnepon TeHneyiH Tarbl Oip Typie
Kazyra 0oJaipl:
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N,
= = = . AT —knT = nkT ,
p NV n HEeMece p , (7.5)

VM A M

myHnarel N, =6,022-10% mons™ — memnmiepi 1 Moib 3aTTarbl MOJIEKYJIanap ca-
HBIHA TEH ABOTapo CaH;

k= R __ 831/ o 138103 A% _ Bonvyman mypaxmeicei;
N, monK©6,02-10 K
N .. . ..
V_A = N—MoJIeKyJIajaap KOHIICHTPAIMSCHI (OipITiK KesemM/Ieri ra3 6emeKTepiHia
M
CaHbI).

TypakTel TemmepaTypaaa ra3 KbICBIMbI MOJIEKYJIaJap/IblH KOHIICHTPAIHICHIHA
MPONOPIUOHAI OOJIAIBI.

7.2 Uneas razgapabiH MOJIEKYJ1a-KHHETHKAJIBIK TEOPHUSIChI

Y311kci3 0ei0epeKeT PeTci3 KO3FalbICTaFbl ra3 MOJICKYJIAIAPBIHBIH ©3apa KoHE
BIIBIC KaOBIPFACHIMEH COKTBIFBICYBI a0CONIOT cepmimal Oosianbl. MosekynaiapabiH
COKTBIFBICYJIApPhI aPKbUIbI OJIAPABIH apaChIH/Ia KbUTIAMIBIK TIEH YHEPTUS alIMaCyJIaphl
Kypeai. MonekynanapsiH KaObIpFaMeH COKTBHIFBICYBIHAH T'a3 KbICKIMBI Maiga 0oia-
TTBL.

Hoean eaz yuiin Mo1eKy1a-KUHEMUKALbIK MeOPUsiHbly Heelsel menoeyi KYWEHIH
TOXIpUOEIe ONIICHETIH p MaKPOCKOMUSUIIBIK MapaMeTpl MEH OOJIIIEKTIH MUKPOCKO-
MHSUTBIK TapaMeTpiH OaimaHbICThIpasl (M,,n,v):

p:%m0n<uz>, (7.6)

MYHJIaFbl M,—MOJIEKYJia MacChI;

n—MOJIEKyJajiap KOHIICHTPAIUSICHI;
<v? >-Ta3 MOJICKYJIJIApBIHBIH IrepiieMeN KO3FaIbICBIHBIH OpTaIlia KBaapat-
THIK KbUTAAMIBIFBI (KOTI XKarnanaa v, TYpiHIe OenriaeHe ).

7.3 I'a3 MoJiekyJIaJIapbIHBIH IrepijieMeii KO3FaJabIChIHBIH OPTAIIA KUHe-
THUKAJIBIK YHEPTrUsIChI

Wnean ra3aplH MOJIEKYJIa-KHHETHKAIBIK TCOPHICHIHBIH Heri3ri Texaeyin (7.6)
KeJleci Typ/ie xa3zyra 00Jaib:

2 m<v’> 2
=—nN——=—n<E,>. 1.7
=3 2 3 (7.7)

Koicoim Oipnix kenemoezi monexynaniapoviy ineepinemeini KO38AIblCbIHbIY Op-

mawia KUHemuKaivlk dSHepeusacvinviy 2/3-ne mey 6onaodwvl. Onait 60yca, KbICHIM KYIII-
TIK CHITaTTaMa FaHa eMeC, YHEPTEeTUKAIIBIK CUTIaTTaMa Ja OOJIBII Ta TaObLIaIbl.
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XKorapeigarsl (7.6), (7.7) xone (7.3) epHEKTepACH Keleci IraManap/ bl KeJTi-
pin mbIFapyra 0onajbl:

s \/3RT \/BKT (7.8)

O

bynan uaean ra3apiH O1p MOJIEKYJACBIHBIH OpTalla KMHETUKAIBIK YHEPTUSACHI
Tek 1 TepMOJAMHAMUKAJIBIK TEMIIEpaTypara FaHa TOyeJl/li €KeHIH KopeMis:

2
<E, >:%:ng (7.9)

CoHFBI OPHEK UOean 2a3 MOAEKYIAACHIHbIY MEPMOOUHAMUKATLIK OPMAUUA KU-
nemukanwik snepeusicol (T >> 0K) memnepamypaza nponopyuonan 601amouitbli KOp-
cemeoi.

7.4 DHeprusiibIH epPKiHIIK A9pe:kesep 0OMbIHIIA OIPKAJIBINTHI Tapay 3a-
HbI

Henenin epkindix dapexceci (i) Aem OHBIH KEHICTIKTETT OPHBIH TOJBIK aHBIK-
TayFa KaXeT TIyeJICi3 KOOpIWHATAIapAbIH €H a3 CaHbIH alTabl.

Nnean ra3aeiy KaTaH OaljaHBICKAH MOJIEKyJajnaphl YIIiH 1 MoH1 7.1-kectezae
OepiireH.

7.1 xecte
Epxiagik  mo- | bipatroMasl ra3 Exiatomas! ras KemaTomas! ras
PEXKECIHIH CaHBI
Lnrepinemenni 3 3 3
AtiHaIMaIbl 0 2 3
bapbirsl 3 5 6

KecTenen mosekyina yIiH irepuieMeni KO3FaJIbICTBIH €PKIHIIK JOpPEekKecl op-
KalllaH YIIKe TeH OOJaThIHBIH KepeMi3. [nrepineMeni KO3FalbICTBIH 9p €PKIHAIK J19-
pexeciHe Oip aTOMJIbI MOJIEKYJIaHBIH OpTallla KWHETUKAJIBIK SHEPTHSICHIHBIH YIITEH
oipine (1/3) caiikec kenei:

<E,> 3KT 1
0o 7 =20 ST
: >3 (7.10)

< g >=

CoHppIKTaH, MOJIEKYJAHBIH EPKIHIK Jopekeci i 0ojica, OHAA OHBIH OpTaila
KHHETHKAJIBIK YHEPTUSICHI MBbIHA IIIaMaFa TeH 00JIaJIbI:
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i
< E,, >= > kT (7.11)

MGJIHIGpi 1 Monb JX0HE Maccackl m Ke3-KeNTreH ra3abIH 1K1 OHCPIUACHL KeJrecl
OPHCKTCPMCH aHBbIKTAJIAAbI:

- i m i
U, :<EkO>NA:|§kTNA:%RT HKOHE U:MERT (7.12)

7.5 CpIpTKBI KYLI OpiciHaeri 0e/imexkTep yuid boabuman Tapaaysl

ChIPTKBI KYIII ©pICi 9cep €TIEUTIH ueall ra3ia MoJeKylalap *KbUTYJIbIK KO3Fa-
JBIC 9CEeplHEH OYKiN kesnemre Oipaeit Tapanaabl. ChIPTKBI KYII ©PICIHIET] Ta3 MoJie-
KyJaJIapbIHBIH KeJieM OOMBIHIIIA Tapadybl O1pTeKT1 OOIMaiIbl.

BipTekTi aywIpabIK Kyl ©piciHeri uaeal ra3 KbIChIMBIHBIH OMIKTIKKEe Oaiina-
HBICTBI ©3repyl bapomempix popmyramer aHbIKTAIIA]IBI:

Mgh
P =P exp(—%) (7.13)

MYHJIaFbl p MEH po—Ta3abiH h sxoHe h=0 OuikTiKTepaeri KbICHIMBI;

M —Ta3JIbIH MOJIBIIK MacCachl.

Ochl epHEK TieH Ky TeHaeyl p =nkT OoiblHIIA horsyman mapanys Oem aTa-
JIAThIH KOHIIEHTPALUUSIHBIH CHIPTKbI MOTEHUIUAJIBIK O6pICTE OMIKTIKKE OalIaHBICTHI ©3-
repy 3aHbIH aidyFa 0oJiajibl:

Mgh m,gh E,
n=n,exp(- F) HeMece n=n, exp(— ;Tg )=n, exp(—ﬁ) : (7.14)

MYHJIaFbl # MEH 1o —Ta3abelH N skoHe h = 0 OMiKTIKTEpAeri KOHIIEHTPALIUSCHI;
Mo—MOJIEKYJIa MacCachl;
E,-06IIEeKTIH MOTEHIINAJJIBIK YHEPTUSACHI.

BapomeTpik epHek OoifbIHIIA KbICBIM apKbuUibl (7.13) OMIKTIKTI aHBIKTayFa
0oJ1aabl:
heRT P (7.15)

7.6 Ta3 MoJiekyJajlapbIiHbIH KbUIIAMIBIKTAP OOMBIHINIA Tapajy 3aHbl
(MakcBeJL1 3aHBbI)

["a3 monekymnamapbl perci3 Ko3faibll, Oip-OipiMEH Y3[IKCI3 COKTBHIFbICTA OOna-
TBHIH/IBIKTaH, MOJIEKYJIaJIap/IbIH KbULAAMIBIKTAPhI 1a SPTYPIIi OOJIBIIL, OJIap KbULAAM/IBIK
OoiibIHIIAa KaHail 1a Oip 3aHIBUIBIK OOMBIHIIA Tapaiaasl. MoseKynamapablH KO3Fajbl-
CbIHA PETCI3/IiK, al OJap/IblH COKTBHIFBICYJIAPhIHA BIKTUMAIIBUIBIK TOH OOJaThIHBIHA Ka-
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pamacTaH, TEOpHUsl MEH TIKIPUOE OJIapAbIH JKbUIIaMIBIKTap OOMBIHIIIA TapaTybl O1p FaHa
MYMKIH 3aHJIBUTBIK OOMBIHINA OIPMOHIII aHBIKTAJIATHIHBIH KOPCETTi. bIKTUMaIABIIBIK
TEOPHSICHIH KOJIJaHa OTBIPHIN, 1860 >kblIbl MakcBe uoean 2az MoneKy1aiapulHbly
AHCLINOAMOBIKMAP OOUbIHULA MAPATLY 3aHbIH AHLIKMAObL!

My \% 2 o M’ 71
2okt VP ) (7.16)

f()=4r(

MYHJaFbl f(v) -Tapaiy QyHKIHSCHI.
OyHKUMAHBIH HaKThI TYpl ra3 TeriHe (MOJIEKyJia Maccachbl m,) *OHE OHbIH TEM-

nepaTypackiHa OaiiaHbICThI. KBICBIM MEH KeJIeM MOJIEKYJIaIapblH JKbUIIaMIBIKTap
OOMBIHIIIA TapalybIHA 9CEP €THEHII.

Tapamy QyHKITUSACHEI MAaKCUMyM OOJIATBIH KBUIIAMIBIK €l bIKMUMAT HCLIOAM-
OblK L, JIET aTajajpbl.

Tapany 3aHbplHaH Ta3[blH OCPUIT€H KYWIH CHUMATTANTBIH KbUITAMIBIKTap.Ibl
aHbIKTayFa Oonanael (7.2 cyper, 7.2 xecte).

f(v), flo)a

fid=

0,51

e *» O
- —- » 0 0 UB<U> v]\'n

7.2 cypet-Tapany QyHKUIMACHIHBIH f ()
7.1 cypeT-MaxkcBesn v-HbIH Taparybl

DKCTPEMYMIAPHI
7.2 kecte
EH pikTUMan xxpuinaM- | Opramia apupmernka- | OpTtaiia KBagpaTThIK KbLI-
IBIK U, JIBIK KBUITAMJBIK <o > JAM/JIBIK
=<0’ >

6

UK
B i O PO Ry i = o
¢ m, M zm, M ¢ M m,

8 Jlopic Ne 8. TepmoauHaMuKaHbIH OipiHmii 0acramachbl :KOHEe OHBI
H3oMnpouecTepre KOJIaHy

Jlopic mazmymnsl: TEpMOJIMHAMUKAHBIH OacTamaiapsl KapacThIPhLIAIbIL.

Iopic makcammapwei: MaKpoXy#ene oTeTiH MPOIECTepai Tajljayaa oJapIbIH
KOJIZIaHy OMICTEPiH MEHrepy, TepMOJAMHAMUKAHBIH OIpiHII OacTaMachblH JKOHE OHBI
U30IPOIIECTEePre KOJIAaHybIH OKBIT YHPEHY.
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TepMoanHaMuKaaa MaKpacKOMUSIIBIK JIEHENEPAIH KbUTYJIBIK KaCHeTTepl oyap-
JIIH MUKPOCKOIUSJIBIK TaOUFaThIMEH OailIaHBICTBIPBUIMA, KONTEreH TIKIpuoenep
apKbLIbl aHBIKTANFaH, Oacmamanap AN aTanThlH HETI3Tl YII 3aHFa CYWEHII 3epTTe-
aeni. Tepmoounamuxanviy OIpinwi 6acmamacsl IHEPIUAHBIY CAKMATLY HCIHe mypJie-
HY 3aHO0apblH CANIATTANbI.

8.1 JKyiieHiH imKki 3Heprusicobl

lwki sHepeus xylener: 6apiabIK MUKpOOOIIIIEKTEPAIH — aTOMIap MEH MOJICKY-
JaJapAbIH KO3FaJIbIC YHEPTHsUIAPhIHAH YKOHE OJIApJIbIH ©3apa dcepiiecy dHEepPrHsuIaphl-

m i L
HaH Kypajaabl. U = M2 RT OpHEKTEH udean 2azobly (WKl IHEpeUusacyl TeK TeMIepa-

Typara TOyeJJl €KEHJIIr, SFHU, OJ1 KYUCHIH 0ipMaHOI Ky (yHKyuscsl 00NaTHIHBIH
kepeMi3. Ke3 kenreH xyieHiH 111K SHEPTUsChIHBIH MOHI OHBIH OyJ1 Kyire Kajail ken-
reHiHe Toyenai Oonmaiabl. backaia aitkannma, skyhe 1 kyiaeH 2 KyWre eTkeHie
OHBIH 1K1 YHEPTUSCHIHBIH ©3T€pICI OHBIH COHFBI ’KOHE 0acTarKbl SHEPTHUIAPBIHBIH
aiipippiMbIHa TeH. COHIBIKTAH, KYyWe KaHnaai-mga Oip ImpouecTepleH COH OacTamkbl
KYyWre KaiiTa opajca, OHAa 1Kl SHEPTUSHBIH ©3repicl Helre TeH 00Jajbl: §dU =0.

Onait GoJica, iwKi SHepeusHblY INeMeHmap o32epici moavlk ouggeperyuan OO0IbIT
TaOBUIAIbI.

8.2 AKyMbIc xKIHE KbLIY

TyibIK TEPMOJAMHAMHKAJBIK JKYHE CBIPTKBI JCHEIEPMEH €Ki TYpJl OIICIEH:
JAHCYMBLC dHcAcay KOHE JHCbly anmMacy apKbUIbI DHEPTHs ajaMaca anajbl. bipiammi ofic
OOMBIHIIIA JICHENEp ©3apa KYIITIK dCepiiecy apKbUIbl SHEpTrus aiMacaisl. JKyMbIC xKa-
cay Ke3iHJie DHeprusi xyhere Oepiice, OHAA HCYMbIC JHCYUEHI e32epmyee HcAcaniobl
newiai. Aymansl S Ko3FaaMalbl MOPIICHI Oap BIIBIC IMIIHIET] Ta3 YIFalFaHIarbl )KOHE
CBHIFBIIFAHJIAFBI JKacaJlaThIH KYMBICTBI KapacThipaiiblk (8.1 cypeT). ChIpTKBI KBICHIM
per™ ' ©oJjica, OHJA MOPIICHre dcep eTyn Kyt F«™* = p“»™ .S Tlopmens dl a3
IIamMara OpbIH aybICThIPFaHa, Ta3 0J1 KYIIKE KapChl & A )KYMBIC JKaCcaiIbl:

50\: Fcupmb/ 3 dl — pcmpmb/ . S 3 dl — pcmpm bl’

Ptupm:;u

F CHPHIKD

dl

8.1 cypet-IlopiieHi bIABICTHIFBI Ta3/bIH KYMBICHI
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Erep ra3 xesemi KBa3UCTaTHKAJIBIK TYPJAE ©3repce, OHAa Kyie Ke3 KeJreH ya-
KBITTa CBIPTKBI OpTaMe€H p = p“*"* KBICBIMMEH Tene-TeHaikTe 0oaapl. Tene-TeHaiK

MIPOIIECC KE31H/Ie Ta3/IbIH KOJIeMI 03TepPIeH e KacalaThIH 2IeMeHmMAap HCYMvlC TOMEH-
neriaeit 0oJaabl:

oA = p-dV (8.1)

["a31bIH KbICBIMBI 9pKamiaH OH (p >0). CoHABIKTaH, YIFao Ke3iHae (dv >0) ras

OH JKYMBIC >Kacaiziel (5A>0), all ChIFBUTY Ke3iHze (dV >0) Ta3 Tepic >KYMBIC Kacai bl
(A < 0). CBIPTKBI JACHEIICP/ICH JKYHere SHEPTUSHBIH KbLTyaIMacy apKbLIbl Oepiinyi JcolLiy
nen atananbl. JKoliyaivacy SpTypil TeMIepaTypajiarbl JIHelIep apachlHa Hemece Oip
JIeHeH1H OedekTepi apacbiHaa >xypenl. JKbulyanmacy KoHBeKMUBMIK, JHCblLYOMKI3-
eiwmix, caynenik Oonblll  yiike OemiHeni. Kowgexmusmik — dculiyaimacy—
TEeMIIepaTypachl OPTYPJIi Ta3, CYUBIKTHIK, KATThI JICHENIEP KO3FAIBICHl apKbLJIbl HEMECE
ra3 OeH CYHBIKTBIKTBIH TEMIIEPATypachl SPTYPIl OOJIKTEpPIHIH KO3FAIbICHl apKbLIbI
Kypenl. Kolryanmacy — NEHEHIH 9pTYpIll Jopexkene KbI3raH OeIKTepl apachIHIa XKY-
peni. Caynenik oscvliyarmacy (paouayuansvi icovliyaimacy) neHenepaiy oip-0ipiMeH
TIKEJIEW TYMICYCI3, TE€K A3JEKTPMArHUTTIK 3HEPrusl LIbIFApy HEMECE KYTY apKbLIbI
Kypeal.

Kbutyanmacy MeH KYMBICTBIH 11IKI SHEPTUAaH €pEeKILEeNIri, ojlap Kyile KyiiH
eMec dicytie Kyuiniy e3eepicin cunartaapl. Onap xyhe Kyii e3repiciHiH dHEepreTu-
KaJIBIK CHIIaTTaMachl OOJIFaH/IBIKTaH, JKbUTyaJIMacy MEH >KYMBICTBIH MOHJIEP1 MpoIlece
TypiHe Tayenai O0onaabl. JKbuly MEH >KYMBIC KYWEHIH 3HEprusi TypiHe >KaThaijbl.
JIeHeH1H KbLUTy HEMECE KYMBIC KOPbI IET€H TYCIHIK KOK. COHABIKTaH 54 MEH &Q KYyH

(GYHKITUSCHI eMec, npoyecc yHKYUsCHL.
8.3 TepMoaMHAMMKAHBIH OipiHIIi 3aHbI

Kytiece Oepineen dacoliy Meoauwiepi OHbIH UKL IHEPUSCLIHbIY 632epiCi MeH
JHCYUEHIH CbIPMKbL Kyuimepae Kapcol HCACAUMbIH HCYMbICHIHA HCYMCANAObL

Q=AU ,+A, (8-2)

by TepMoamHaMUKABIK KY€ YIITH YHEPTUSHBIH CaKTaly >KOHE TYpJIeHY 3a-
HbI. JKbUTy SHEPTHSICH TEK 1IIKI SHEPTHSI MEH KYMBICKA FaHA TYPJICHY1 MyMKIH: 1IIKi
SHEPTUS—IHEPTUSTHBIH MUKPOCKOTHUSIIBIK, Al dKYMBIC—MAaKPOCKOMHUSIIBIK TYPI.

XKytiere 6epinreH KbUTyIbIH 6 Q a3 MOJIIEPIHIH KYHe )KaCalThIH JA DJIEMEH-

Tap KYMBIC TIeH dU 1IIKI YHEPTUSHBIH a3 ©3repiCiHe KYMCaTaThIHBIH CUTIATTaWThIH
OWJI 3aHbI 9JICTTE MBIHA TYPJE JKa3aJIbl:

5Q=dU + A (8.3)
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Kbuly 6 Q MEH KYMBIC SA JKOHE IIIKI SHEpPrusi esrepicli dU Kas3bLIyJaphbl

apachIHIaFbl ©3TEUICNIKTIH, )KOFapbla alTbUIFaHAal, TepeH (U3UKaJIbIK MarbIHACHI
Oap.

TepmomuHaMukaHbIH OipiHIII 3aHBIHA €HETIH OapJIbIK IIaMajap OH, TepiC He-
Mece HeJ 00iTysl MyMKiH. Erep xyiiere xxputy Oepijice 5Q >0, ajibiHCa &Q < 0.

Erep xyiie, MbIcalibl KYMBIC JEHECI, MEPUOATHI KYMBIC ICTEUTIH KO3ZFAITKBIII
immiHae 1-1 mporecc OoMbIHINIA OacTankbl KYWre KalTa opajblll OThIpca, OHJA
AU_, =0 ai ocbiian A, =Q,,. Onaii Oosica, emrkanaad mepUoOATH KYMBIC 1CTEUTIH
KO3FAITKBIII OFaH OEpUITeH 3HEPIrHsiiaH apThIK KYMBIC Kacail anMaifbl. bipinuwi
meKmi MaHel KO32aNMKbIU HCACAY MYMKIH eMecmiciH TINENAEHTIH Oy TY>KbIPbIM-
JaMa mepmoOUHAMUKAHBIY OIpIHWLI 3aybl €T aTalaibl.

8.4 TepMoanMHAMMKAJIBIK MPOLIECTEP MEH KYMbICTHIH rpagukTepi

Tene-TeHaiKTEr1 TEPMOAMHAMUKAIIBIK TTpoliecTepAl Oip-0ipiMeH oJlap/blH Ipa-
(buKTEp1 apKbUIBI CATBICTHIPBIN 3€PTTETeH bIHFaMIbI. OJ YIIIH p-V ,p-T KOHE

V-T nuarpaMMmaliapelH cally Kepek. p-V P
auarpaMMachl caiplHFaH 8.2 — cyperreri |
XKoHE 2 HYyKTenep OacTamkbl >KOHE COHFBI P, I
KyWnepai cumataiabl. TepMoIuHaMUKAIIBIK
nporecc 1 - 2 KUCHIFBIMEH KOPCETUIreH. JIie-
MEHTap JKYMBIC &4 = p-dV CypeTTe OosutFaH
JKOJIaKeH aHbIKTanaabl. JKyleHiH 1-2 mpo-
1IecC Ke31HJIE KacaraH MYMBIChI OChl KHUCBIK
acThIHJAFbl (PUTYpaHbIH aydaHbIHA TCH.
CyperteH A,_, »XYMBICBIHBIH MeJIIIEpi
KYHEeHIH OacTankbel KYHIEH COHFBI KYWre Ka-
Jall ©TKEHIHEe, SFHU, MPOIIECKE OalIaHBICTHI

€KEH1 KOPIHIIT TYP. 8.2 cypet-M30TepMUSIIBIK MPO-
IeCC Ke3iHCT1 ra3/IbIH KYMBICHI

O0A

O Vl VZV
dVv

8.5 3aTThIH KbLIYCHIHBIMIbLIBIFbI

3aTThIH JKBUTYJIBIK KACHUETTEPIH CUMATTANUTBIH HETI3r MmapamMeTpiiepiiH Oipi
OHBIH, JKBLITYCBIABIMABUIBIFBL. 3ammbil oLy chliibiMoblibizbl C* — IeHeHIH TeMIie-
patypacbin 1K-re e3repryre kaker 6 Q *bL1y MeJIIepiHe TeH (GU3NKAIBIK IIaMa:
0Q
=— (8.4)
dT
3aTThIH KbLUTyCBIMBIMIBLUIBIFEI OHBIH MaccachblHa, XMUMHSUIBIK KYpaMbIHA, Tep-

C*

MOIMHAMUKANBIK KyHine sxoHe oran O Q sxputy Gepy mponecine Toyenmi. XKbLTychI-
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HBIMIBLIBIK MEHINKTI (¢ ) (OipsiK MacCaHbIH JKbLUTYCHIMBIM/IBLUIBIFGI) KOHE MOJIB/IIK
(C) (1 Mob 3aTTHIH JKBUTYCHIABIMIBUTBIFBI) OOJIBIIT aXKBIPATHLIATBI:

C* 1 C* Mo
c:—:—g skoge C = =— Q=|\/|C, (85)
m mdT Y m dT
MYHJIaFbl v = %—3& MeJIIIepi;
M —3aThIH MOJIBIIK MacCachl;
m
X =medT =-.CdT. (8.6)

MeHUIKTI K9HE MOJIBAIK KbUTYyCHIMBIMIBUIBIKTAPABIH ©JIIEM O1pJIIKTepi—

A one A TasnapbiH KbUTYCHIABIMABUIBIFBL TYPAKTEI KOJIeM/eri JKJHE
= e AapabIH y A YpaK Aert C,
Ke - MOJlb -

TYPAKTBI KbICBIMIAFbI C, MKBLTYChIHBIMABLIBIKTAP OOJIBIN OOIIHE .

8.6 TepmoaunamukaHbIH OIpiHmI 0OacTamMacblH WHAea] Tra3aapaarbl
U30MpouecTepre KOJIJAaHy

Wnean ra3aplH TEMETEHIIKTET1 KYHIHIH ©3repicl YIIiH TEPMOJNHAMUKAHBIH O1-
piHII 6actamachiH §Q = dU + SA MbIHA TYPJIE JKa3yFa 00JajIbl:

do :%CdT —dU + paV. (8.7)

Ochl TeHIeyal uaeal ra3faapaarbl U3ompolecTepre Kojjaanabik. M3ompoiecc

3aHaapbiH Menaenees-Kimanepona pVv = % RT TEHICYiHEH aHBIKTalMBI3.

Hzoxopanwix npoyecc (V = const). Hzoxopanvlk npoyecc nem ra3asl KbI3IbIPY
HEMece CYBITY IPOIECTEPl TYPaAKThl KOJIeMJIe OTETIH IporecTepai aiTaasl. MyHmai
MpolecTep YINIH Heald Ta3 KyHiHIH TEHIEYlH KeJeci TYpAe »a3FaH bIHFAMIIbL
TBZ %g TeHaiKTIH OH >KaFbIH/IAFbl IIaMaJIApbIH OapJIbIFel TYPaKThl. COHJIBIKTAH,
2a30bIH MACCAChl MeH KojleMi mypakmul 00/1ca, OHOA OHbIH KbICbLMbL MeMnepamypa-

2a nponopyuoHan 6oaaowl.

Y
= const :
T = cons (8.8)
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V2>V,

ol

8.3 cyper - ['a3 keseMiHIH V OpPTYPJIi MOHJIEP] YIIIIH H30XOPAJIBIK IIPOIIECTEP
JTUarpamMmmaliapbl

8.3-cyperTe Ta3 keneMiHiH V opTypii MOHJEpiHAETI H30XOPAJIbIK IPOLEcTep-
niH p~T, p~V xone V~T auarpammanapsl KepceTiared. by mporectepae ra3ibiH Ke-
nemi esrepmeiitinzixren (dV=0) ra3s sxymsic xacamaiinsl (OA = pdV = 0), nenere
OepuireH OapibIK JKbULy SHEPTUSACH OHBIH 1K1 SHEPTUACBIHBIH ©3repylHe KyMcalia-
1bl. TepMoMHaMUKaHBIH O1piHII 0acTaMackl MbIHA Typae 00JIajbl:

K =du :%CVdT, (8.9)

MYHJAFbI C, —2a30biy MypaKmuol Kejemoezi MOIbOIK HCbLLYChIUIMOBLIbIRYL.

["a3abiH TeMriepaTypachiH Ti-eH T2-ee AeiiH M30XO0panblK TYpAE KbI3AbIPFaH-
71a, OHBIH 111Kl SHEPTUSACHIHBIH ©3repicl OepuUIreH KbUTy MeJIIepiHe TeH 00Iaabl:

m m
AU172 :U2 _Ul = MCV (Tz _T1) ; Q= MCV (Tz _Tl) (8-10)

Ke3 kenren mene-menoikmezi npoyecc yutin mepmoOuHAMUKaHvly OIipiHwi 3a-
HbIH KeJIeCl TypJie *a3yra 0oaibl:

m m

bip Monb ra3 yurin:

CdT =C,dT + pdV (8.12)

Hzo6apanvix npoyecc (P = const). Hzobapanvlk npoyecc AT Ta3bl KBI3IAbIPY
HEMece CYBITY MpoliecTepl TYPAKThl KbICHIM/IA OTETIH IpoLecTepal aitaasl. MyHai
npolece YIIiH ujean ra3iblH Ky TeHACYIH OH JKaFbIHAAa TEK TYPaKThl IaMajap Ka-

V m R ) o
JIaThIH T = VE TYpIHJE Ka3FaH bIHFAMIbI. bysl TeHneyneH n300apajblK Mpolecce

44



YIIIH KeJiecl TYKbIpbIMJIaMa jKacayFa OoJaibl: 2a30bly OepileeH MAccachl YuliH my-
PAaKmoul KbICbLMOA KOJleM MeMnepamypasa nponopyuoHai 632epeoi:

\Y
? = const (8.13)

8.4—cyperTe P KBICBIMHBIH OpPTYPJi MOHMAEPIHIETT HM300apasibIK MPOIECTEep
p-T, p-V JKoHe V —T auarpaMmanapbl apKpUibl OepuireH. ['asra nzobapainslk mpo-

1[ecc Ke3iH/ie OepiIeTiH MIEKC13 a3 KbUTy MeJepl 5Q !
m
5Q=--C,dT, (8.14)

MYHJIaFbl C,—Ta3/IbIH TYPAKThI KbICBIMIAFbl MOIbOIK JHCHLILY-CbLULLMObLIBIZL.
TypakTbl KbICBIM VIIIH (P =cCONst) wuaean Ta3AblH KyHd TEHACYIHEH

(pv = % RT ) nuddepeHiuan ancax:
pdv = " RdT .
M

Ogaii 0oJica

5A=pdV:%RdT (8.15)

TepmoanHamukanbiH OipiHII 6actamachiHbiH (8.3) hopMmynaceina (8.9), (8.14)
xoHe (8.15) epHekTep/Il KoHcak:

m m m
L - 8.16
v CedT = C,dT = RdT (8.16)

5

&
a=

ol

8.4 cypet-KpICBIMHBIH 9pTYPJIl MOHJEP1 YIIIIH H300apabiK Mpoliecc AuarpaMmmanapbl

Erep (8.16) epHekTeH Oip MOJb 3aT VIIIH >KbUITYCHIMBIMABLIBIK YIIiH Maiiep
menOeyin aayra 00Jaibl:
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C,-C, =R (8.17)

byn tenneyaiH gu3uKkaiblKk MaFrbIHACKHL: TYPAKThI KbICKIMIA Oip MOJb Ta3/IbIH TEMIIe-
patypacbiH 1°K apTTeIpFaHAarbl Ta3blH KYMBICHI YHUBEpCAI Ta3 TYPaKThICHIHA TCH
Oonanpl. bip Mosb raszra M300apaliblK MpoIecC Ke3iHje OeplIeTiH KbUTy MeJIepi
M30XOPAJBIK TMPOIIECC OEpiIeTiH KBUTy MOJIIIepiHeH YHUBEpcal ra3 TYPaKTHICHIHA
TCH IIaMara apThIK 0OJaIbl.

["a3mpiy 1-2 n300apanblk mpoiecc Ke3iH1e KacaThIH KYMBICHI

- [pav=p(v, -V, = TLR(T, -T) (8.18)

p-V nuarpammachiHarbl O0OsIFaH allMaKThIH ay/1aHbIMEH OJIIIICHE/I].
Hzomepmusinwvik npoyecc (T =const ). Byl Tiporiecte uean ra3iblH iMIKi HEp-

. m
rusicel o3repmerini: dT = 0 6onranapikran dU = MCV dT =0, conapikTan rasra Oe-

PUITEH KBUTY MOJIIIEP] TOJIBIFRIMEH CHIPTKBI KYIITEpre KapChl JKacaaaThIH KYMBICKA
KeTel:

dv. m “2dv  m V
= dv = —RT—=—RT — =—RTIn=2 8.20
=A = Ip I M \{V M V, ( )

XKeuty menmiept p-V auarpaMMachIHAAFbl OOsUIFaH aygaHra TeH Oosazasl. M3oTepm-

\Y
mik mpomecc PV =const, skan p,V, = p,V, KoHE £ = &, COH/IBIKTaH:

Vi P
m Py
=A, ——RTI Voo MprinPe 8.21
Vi M P2 ( )
— BT
E a P
T=const _;D
/_/j T:>1
|J

o vo oo o T, 1

8.5 cyper - T TemriepaTypaHblH opTYPJIi MOHIEP] YIIIIH U30TEPMUSIIBIK ITPOLIECC U~
arpamMma’apsl
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Hzomepmusnvik npoyecc AeN TYpaKThl TeMIEpaTypaja oTeTiH TepMOAMHAMUKA-
JIBIK TIPOLIECTEPIl HEMECe OJIap/AbIH YJIFAIObl HEMECE ChIFBUTYBI KE€3/IEPIH/IE CHIPTKBI OpTa
MEH Ta3 apachIHIarbl TEMIIEpaTypa albIphIMbI TYPAKTHI OOJBIN KAJAThIH MPOLIECTEPI
aiftanpl. Mnean ras kyHiHIH TeHACYIHIH OH >KaFbIHAAFbl IIaMajap TYpPakTbl OoJiFaH-
JIBIKTAH:

pV = const. (8.19)

Aouabamanwix npoyecc (R =0). Aouabamanvlx npoyecc A€M KYUenepae chip-
TKbI OPTaMEH >KbUTYy aJIMAaCyChI3 ©TETIH MpollecTepAl aiitansl. ['a3gap xplngam yirai-
FaHJla HEMECE CBHIFBUIFAHJIA KY€ KOpIIaraH OpTaMEH >KbUIy alMachlll YJATepMen/i.
ConppIKTaH MYHZIall mpolecTep aaualaTalbIK AeM aTanafibl. TepMOIuHAMHKAHBIH
Oipinmmi 3aHe! (8.3) OoiipiHIIa aguadaTansik mnporecce (JQ =0 Ke3iHae Kyhe KyMbIC-
THI 111IK1 YHEPTHUsl eCeOIHEH JKacau Ibl:

5 A =-dU (8.21)

by epuekke (8.1) xxone (8.9) dopmynanapbl Koicak, OH/Ia ra3 KOJIEMIHIH 03-
repreHie KacalaaThlH KYMBIC OHBIH TEMIIEpaTypaChIHBIH ©3TepyiMEeH KaTap >KypeTi-
HIH KOpeMi3:

pdV = —%CV dT (8.22)

OpHekTeri MUHYC TaHOACHI ra3 KejieMi aarnadaTaiblK YIIFaliFaH/1a OHBIH TeMIIe-
paTypachl TOMEHJICUTIHIH KOPCETe/Il.
Annabaranbik npouectep Ilyaccon menyoeyimen CATIATTANAIbL:

pV 7 = const (8.23)

C .. .
MYHJIaFbl y = C—P—a()ua6ama kepcemxkiwi Hemece [lyaccon koaghguyuenmi nen
Vv

aTanaTblH ©JIIIEeM OIpJIiri )KOK I1ama.
Anunabarta TeHIeyiH 0acKa Kyl rmapaMeTpiiepl apKbLIbl J1a JKa3yFa 00sabl:

1-y
TV’ '=const xome T p’ =const (8.24)
O3apa canbICTBIPY YIIIH p -V Auarpammackina (8.6 cyper) anuadbara MeH U30-

. C
TepMa KMCBIKTaphl Oipre cajblHFaH. y = — >1 OONFAHIBIKTaH, aguadara KUCHIFBI
\

U30TepMara KaparaHjaa TiKTey 00JiaJibl.
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8.6 cypert - AnnabaTanbIK MPOIECC Ke31HAET1 )KYMBIC

OmnbiH ce6e01, aguadaTalbIK CHIFBLTY Ke31HAE ( MPOIEcC) KbICHIM dp1 KOJIEMHIH
KIIIIPEIOIHEH, dp1 CHIFBUIFAH Ta3J/IbIH TEMIIEpaTypachlHbIH ©CYIHEH apTca, M30Tep-
MUSJIBIK MTPOLIECTE OJ1 TEK KOJIEMHIH KilllIPEIOiHEH FaHa apTaabl. AIadaTabIK YIIFal0
ke3igzae (1-2 mporecc) ra3apiH TeMIepaTrypachl TOMEHACHTIHIIKTEH KbICHIM H30Tep-
MUSIJIBIK TIPOIIECIIEH CaJIBICTRIPFAH/IA JKbUIAAMBIpaK KeMuai. AauadaTanbIK MpoIiece
KE31H/I€ Ta3/bIH KYMBICHI 8.6-CypeTTe OOsIFaH aiiMaK ay/1aHbIMEH aHbIKTala/bl.

m
A, =MCV M -T,), (8.25)
. . i .
Wnean ra3gpiH 1K1 SHEPTUSACHIHBIH (OpMyJackiHaH U,, =5 RT MOJBIIK KbI-

JTYCBHIMBIMABIIBIKTAPABI C, >XKoHE C,0Hail aHbIKTayra Oomanapl. dU, =C,dT KoHE
C, —C, = R 0OJIFaH]IbIKTAH:

Sdu, .
“ T T2t
cP:cV+R=%. (8.26)
Onnaii 6o5ca, aguadaTaiblK KOPCETKIIT KeJIeCl OpHEKIICH aHbIKTaJIA IhI:
,_Co_iv2 (8.27)
c, i

MonekynaHblH epKIHAIK JopekKeci OHbIH KypaMbIHIAFbl aTOMap CaHbIHA Oaiina-
HBICTBI. bip aTOMIpI Ta3arbl MOJIEKYJIaap TEK LArepuieMenti KO3FaslbIC JKacai b, COH-
JIBIKTaH OHBIH €PKIHJIK JTopexeci yiike TeH. Eki aromibl ra3 MOJIeKyJIaChIHBIH aifHal-
MaJTbl KO3FAJILICHIH €CKepy Kepek. bipak eki aTomabl KocaThlH TY3Y/ll aifHAIBIT KO3Fall-
FaHBIH eckepmeyre 6omaapl. COHIBIKTaH OJIap/IbIH EPKIHIIK JAopekeci Oecke TeH Ooa-
nel. Erep mMonekymnagarbl aToM CaHbI €KiJIeH apThIK 00Jsica, OH/Ia OJapblH ePKIHIIK Jo-
pexect antel Oonazpbl. 8.1 — KecTene epKIHAIK AdpExKerepl i SpTypil uaean ra3aap yiiiH
C,, C, KoHE y MOHJEpl KEeNTIPUITeH.
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8.1 xecte

Hore c Hore 4
. 1 P
i monw - K monb - K
3 (6ipaTom bl ras) 12,5 20,8 1,67
5 (exiaTOM/IbI Ta3) 20,8 29,1 1,40
6 (KermaToMIbl Ta3) 249 33,2 1,33

THonumponmoix npoyecc (C = const ). Ilorumponmuix npoyecc — aen C KbLay-
CHIMBIMIBUIBIKTAPBl  ©3TEPICCI3 OTETIH TEPMOAMHAMUKAIIBIK TPOIECTEP/Il AMTAJIbI.
Ilonumpon mewnoeyiniy TYPI:

pV" = const (8.28)

MYHJIAFbl N = c _CP — nomurpon kepcerkimi (C — Oepinren mpouecce yuin
Ty

ra3blH KbUTY CBIMBIMIBUTBIFBI ).

Korapbiaa kenTipuireH 6apiablK U30IPOLECTEPAl TOTUTPOITHIK MPOLECTEPIIH
nepoec TypJiepi peTiHae Kapacteipyra 0omnaasl. Erep, n=0 6omca, onna (8.28) monut-
PONTHIK TEHICY M300apaiblk mporecc ( £ =CONSt), N =1 Gouca M30TEPMUSIBIK
nporiecc (pV=const), N = ¥ Goca, aquadataisik nporecc (pV/ =const) Tenaeyepi-

HE alHaJIaIbl.
P

n-= 1o

fIpoyece

0 Haobapanax (p ~const)

| Hyorepsmeanax (p b “const)
n0 v

AsmmabGaraaax (p V7 consr)

n-y 100 | Hhoxopamex (Vi Vi)

nol
O V

8.7 cyper - M3onporectep

W3oxopanbIK mpouecc Tereyin P,V,' = P,V,' keneci Typae xka3yra 6omabr:

1 1
(pl)nvl = (pz)nvz

Ocpiman N =100 Gonca v, =v,60mansl. byn npormectep 8.7— cyperreri p-V
JMarpaMMachiH/la KOPCETUIrEeH.
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9 Jlopic Ne 9. IIpouecrep. TepmoauHaMMKAHBIH eKiHIII 0acTamMachl

Iopicmiy mazmynsi: iporiecTep MeH TepMoauHAMUKAHBIH €KiHIIT 0acTaMachl
Hopicmiy makcamsi: IpoLieCcTEP YFBIMBI MEH TepMOIUHAMUKAHBIH €KiHIII Oac-
TaMachlH MEHTEPY.

TepMmoauHaMuKaHBIH OipiHII OacTaMachkl YHEPTUSHBIH CaKTalIy KOHE TYpJICHY
3aHJApBIH CHUMATTaFaHBIMEH, OKINAyJIaHFaH TePMOJIWHAMHUKAJBIK JKyHenepaeri mpo-
IIECTIH )XYpYy OarbIThIHA IIEKTEY KoiMal bl bipak Taburarra Oenriial mapTrapabl Ka-
HaFaTTaHABIPATHIH TIPOIECTep FaHa Ke3mecedi. Taburarra KaHgal MpoIeCTep XKypyi
MYMKIH — JIETE€H CYpPaKKa mepMOOUHAMUKAHBIY eKIHwi bacmamacsl x)ayan Oepel.
byn 6actama TepMOAMHAMUKAIIBIK IPOLECTEP/IIH KYPY OaFbIThIH aHBIKTAMIBI.

9.1 KalTbIM/BI 7K9HEe KAUTHIMCBI3 IpoLiecTep

Erep xyiiener: TepMOIMHAMUKAIBIK MPOLECC Typa KOHE Kepl OarbITTa >KypiIl,
OacTarnkpl KajblllKa KaiTa opajiFaHja KopIllaraH opTaja elIkaHjai esrepic OosmMaca,
OHJIall IPOLIECTI KatimbiMOblL JICTl aTalIbI.

Ke3 kenren npouecc KauThIMIbl 0Oy YILIIH OJ Typa OarbITTa Xypce Ae, Kepl
0arbITTa XXYpce A€, 0apibIK apaliblK KyWJepl Tene-TeHIaik 0oy kepek. Erep mpoiecc
eTe Oasty xypce (eaz basy yneavieanoa Hemece Coleblieanod), OHIA KYHEHIH OChI IPO-
IIECTIH Ke3 KEeJITeH YaKbIThIHAAFbl KYWIH Tene-TeH K (KBa3aCTaTUKAJIBIK) JEM, SFHHU,
IPOLIECTI KAUTHIMIBI JeN ecenteyre 0onassl. Ic xKy3iHze, Ke3 KeJlreH TepMOoguHaMu-
KaJIBIK MPOIIECC YHKENIC, KbUTYOTKI3TIIITIK, T.0. KYOBIIBICTAPMEH KaTap *KYPETIHIIK-
TEH, JKYie SHEePTUICHIHBIH Oip OoJiri (quccunanusiaHabl) KOpIiaFaH ChIPTKbI OpTa-
ra Tapan ketell. COHIBIKTaH, HaKmbl npoyecmep dPKALIAH KambiMcbl3 00IabI.

9.2 JIenresiex nmpouecrep

Koinynvix Kozeanmgviue (Mawunanap) Oem KbUTy SHEPTHSICHIH MEXaHUKABIK
AKYMBICKA TYPJAEHAIPETIH KYPBUIFbIHBI alTajbl. bapablK KbUTYJIbIK MamuHauap (1m-
TEH >KaHaTbIH KO3FaJITKBIII, Oy *oHE ra3 TypOuHanapsl, T.0.) JOHIreNeK, sSIFHHA, UKII-
TK peKUMIE KYMBIC 1ICTeHl. /Joyeenex npoyecc (Hemece, yuka) Nen KyueHiH Oip-
HeIlle apayblK KYHJIEpIeH OTil, 0acTankbl Kyire KaidTa opajaThbliH MPOIECTEPIH ailTa-
1wl 9.1-cypertre deneenex npoyecmi P-V nuarpaMMachIHIAFbl TYHUBIKTAIFaH KUCHIK
apKbLIbI OCHHEIICTEH.

Erep 6aimonmarsl razra o Q xpUTy MeJepin 0epce, OHa OJ1 KbUTY TEPMOIH-
HaMMKaHbIH Oipinmi 6acramacse! (0 Q = dU + 0A) GolibIHIIA iIIK]I SHEPTUSACHIHBIH 03~
repicine (dU =C,dT) »xoHe ra3fplH WIFAlObl Ke3iHAC  JKacaJlaThlH KYMBICKA
(6 A= PdV ) xxymcanansl. Erep npouecc uzomepmusiivix (dU =0 koHE §Q = 6A ), OHJIIA
OEepUIreH KbUTY TOJBIFBIMEH Ta3/IblH KAaCaUThIH )KYMBICBIHA KETEI1.

["a3npiH KeJIEMI Vv, -/I€H V, -T€ JIeHiH YJIFaiifan/a acaifaH naijgaisl oH A, JKYMBbIC
p-V namarpamMMmanarbl 1—a—2 KUCBHIKIEH IIEKTEJITeH aiMaKThIH ayJaHbIMEH OJIIIe-
Henl. ['a3apl 1 kylire KaiTa opayiTy YIiH OHBIH KeJieMi 2—6 —1 KUCBIKIIEH OciiHe-
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JIGHTeH TIpoliecc OoMbIHIIA KimmpeuTineai. bys mpoiiecc ke3iHae xacaiaraH Tepic
KYMBIC OChI KHUCBHIKTHIH aCTBHIHIAFbl aiMaKTBhIH ayJaHBIMEH aHbIKTaianabl. Erep ras
KeJeMl YJIFaiiFaH M30TepMa TemrepaTypachl 71, OHBIH CHIFBUTY M30TE€PMACHIHBIH 17
TeMIlepaTypacbiHaH yJkeH Ooica (T, >T,), onma moavix ocymeic 1—a—2—-6—1
MYUbIKMANZAH CbI3bIKNEH WeKMen2eH auMaKmuoly ayOaHvlHa mey JcaHe oy  0onapl.
Omaii Ooica, >KbUTYJIBIK KO3FANTKbIII I, > T, Oosranaa oH, an T1<T, OoiraHa Tepic
KYMBIC Kacahapl. Ke3 KenreH >KbUTyJbIK KO3FaITKBIIITHIH KYMBIC acaybl YIIH
Kbl30bIPEbIU, CYbIMKBIUL HCIHE HCYMBIC OeHeCl KAKET.

T=c0nst

7>
(D
7

i 1

T

a
I T26
Vi V> v

o

9.1 cyper - bip uukige xacanraH >KyMBbIC
9.3 KapHOHBIH HaeaJ )KbLTYJbIK MAIIHHACHI

Kapno yukni 0en Tere-TeHMIKTET1 €Ki M30TEPMHSUIBIK JKOHE €Ki annabdaTaliblk
VJIFarojap MEH CBHIFBUIYJIApJaH TYPATBIH KAUMbIMObl 06H2eleK Npoyecmi anTajbl.
KapHOoHBIH nean XbUTyJIBIK MaIlTHHACHI JKBLTYOKIIAYJIaFBIIT TOCCHIIITKE OPHATHIUIFaH
KYMBIC JIeHEeCIMEH (ra30€H) TONTHIPBUIFAH MWIMHIPACH, TEMIIEpaTypachl T, KbI3IbIP-

FBIIIITAH JKOHE TeMIIepaTypachl T, CYBITKbIIITAH Typaasl. KapHo nukimiHe Tangay xa-
CalbIK.

1) Ky#t mapamerpnepi 7,,V, xone p, (9.2 cyper, p-V mmarpammasnarsl 1
HYKTE€) HWJIMHJP 1MIHJET] ra3AblH KOJIEMIH HUIUHIAPAL KbI3ABIPFBINIKA KOUBII, OfaH
anbiHFaH Q, XKbUTy eceOiHeH V, -re JeiH oTe 0asy, N30TePMUSUIBIK 9/IICIIEH OCipe/i.

2) HunueAp/al KbUTyOKIIAYJIaFbIIl TOCEHIKE KOWBIM, Ta3[bl aduabamanvl
mypoe yneaiimaovl. a3 A,; *KyMBICTBI iHIKi SHeprusi eceGiHEH KacalTHIHABIKTAH,

OHBIH TEMITEPATYPAChI CYBITKBIIITHIH 1, TeMnepaTypachiHa JIeifin ToMenaeimi. 2 —3
KHCBIFBI TA3]IbIH ana0aTajblK YIIFAIObIH CUIIATTANIbI.

3) 'a3abIH CHIFBUTY TIPOIIECT JIe €Ki CaThUIBI KYpedl. AJIBIMEH )KYMBIC JCHECI
OpHAaJACKaH IMWJIWHIP/II CYBITKBIIIEH KATFACTHIPHIT, U30TEPMUSUITBIK OIICTICH ChIFa-
ael. a3 4(p,,V,) HyKTeMeH OeNTiieHreH Kyire )KeTKeH e HMITHMHAP/I CYBITKBIIITAH
aJTBII, JKBUTYOKIIAYJIarbIKa Kosapl. ChIFBUTY Ke3iHfe jkacairaH Tepic xymbic Q,

KBLUTyFa aifHAJBIT, CYBITKBIIIKA Oepiiefi. 3—4 KHUCHIFBI Ta3/bIH M30TEPMUSIIBIK ChI-
FBUTYbIH CUTIATTAM/IbI.
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4) 1unuHAp >KbUTYyOKIIAYJIaFBIIl TOCCHINIKE KONBLIFAH COH, JKYMBIC JCHECIH
annadaTabIK TYPJE OJIaH i CBIFBIN, OacTankbl 1 Kylre KaiTa ajbIIn KeTe/Ii.

byn mpouecre razapig Temneparypacel 1> — aed 11 P
— Te JeHiH oceli. 4—1 KUCBIFBI Ta3/IbIH aquadaTalbIK ChI- p |
FBUTy TIPOIECIH CHIATTaiabl. Temreparypachl KbI3IbIp- v

|
FBIIUTBIH OlpAell OOJFaH Tra3fbl KbI3ABIPFBINIEH KaiWTa |P,} \2
4\

»KaJIFarl, [IUKJII1 KalTa OacTamIbl. P4t
["a3npIH Oip HUKIAE JkacaraH JKyMbIcel 9.2 — cy-  P3t

perreri «1—-2—-3—-4-1» durypa aynaHbIMEH aHBIKTa-

JIagbl: 0

A=A, +A—A,-A;=Q-Q,. (9.1)

(%)

Ll 1 L >

V1V4 VZ V3 V

9.2 cyper - Kapno muxmi

9.4 TepMoaMHAMMKAHBIH eKiHIIi 0acTamMachl

TepmoauHaMuKaHbIH OipiHII GacTaMachkl SHEPTUSHBIH CaKTaNy KOHE TYPJICHY
3aHJApblH CUIATTaFaHbIMEH, TEPMOJAMHAMUKAIIBIK TPOLECTEPAIH XKYPY OAaFbIThIH
aHBIKTayFa MYMKIHJIK Oepmeiini. byn 6acrama HoTmxkeci KaHaail ga Oip JeHeaeH
aJIbIHFaH KbUTYJbl TOJIBIFBIMEH KYMbBICKAa alHaJNJBIPAThIH MPOLECTIH MYMKIHIITIH
KOKKA IIbIFapMaiibl. MbIcasbl, TEPMOJAMHAMUKAHBIH OipiHIII O0acTamachl OOWBIHIIA
OeJIrLIl KbUTy KO31H CYBITY apKbUIbl IEPUOATHI )KYMBIC ICTEUTIH (MYXUTTAPABIH 11IKI
AHEPrUschl eceO1HEH) MalllMHa kacayFa 00saibl. MyHIal KO3FaITKbIII eKiHuii meKmi
MaH2I KO32amKblu 1€ aTaabl.

KenTereH skcriepuMeHTTEpAIH HOTHKEJIEPIH TalAaidl OTBIPHII, FaJbIMIAp €KIHII
TEKT1 MOHI1 KO3FAJITKBILI jkKacay MYMKIH €MEC JET€H TYXKbIpbIMFa KeJl. bysl TyXbI-
pBIMIAMA MEPMOOUHAMUKAHBIY eKIHUT 6acmamacyl 1eTeH aTajjbl.

TepMoauHaMUKaHbBIH €KIHII OacTaMachIHBIH ©3apa ASKBUBAJIICHT OipHEIe TY-
KbIpbIMaama 0ap. Keseci exi Ty>KbIpbIMIaMaHbI TaJIalbIK:

1) JKblnyovl monvizbimen HCYMbIiCKA QUHANIOLIPAMbBIHL NEePUOOMbL JHCbLLY M-
WUHACHIH Jcacay MYMKIH emec

Q1 _Qz < T1 _Tz (9_15)
Q T,
2) JKviny o30iciHeH memnepamypacsl JHco&apvl OeHeOeH MmeMnepamypacsl
meMeH OeHeze eaHa Omyi MYMKIH.

dS >0 (9.16)

bipiami dopmyrna eki TyXbIpeiMaaMmanbl na Tycigaipeni. Erep Q, =0 OGosca

(MammHA CYBITKBIIIKA KBITYy OepMece), oHaa 1< Tl_F—TZ , sirHU, T2 = 0, Gipak abco-
1

JIOTTIK HOJTE TEH TeMmIeparypa aiy MyMKiH emec. Erep Q, =Q, Oosica (3kyMbIC Jie-
HECl KbI3/IBIPFBINITAH aJIFaH KbLTYy MOJIIEPIH TOJBIFRIMEH CYBITKBIIIKA Oepce), OHa

T1 _Tz Q

B >0, arau, 1, > T, xone dS = =——=>0. Byyaii 60;1ybl MyMKiH €MeC.
1 2 1
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TepMoarmHaMUKaHbBIH €KIHII O0acTaMackl OipiHII OacTama CeKuIl OapbIK sKaF-
Jaiila opeIHIANATBIH aMOeOan 3aH emec. TepmoauHaMuKaHbBIH OipiHII OacTamackl
KBUTYJIBIK TIPOIIECTEpPre apHajJfaH SHEPTUSHBIH CaKTaly 3aHbl OOJaFraHIBIKTaH, OHBI
Ke3-KEJTeH XKYHe YIIiH KoJlgaHyFa 0omaapl. AJl TepMOJIMHAMUKAHBIH €KiHII OacTaMa-
CBIH ©JIIIIeMepi MEKTeYJI OKIIayIaHFaH XKyielepre FaHa KoJgaHyFa 00iasl.

10 Jdopic Ne 10. Hakrbl razgap

Jlopicmiy mazmyHbl: HAKTHI Ta3/IapFa IOy Kacay.
apicmiy makcammapul: HaKThI Ta31apJbIH KACUETTEPIH OKBII YHpEHY.

AOCTpakIHUsIIBIK Ueall ra3 YFbIMBIH €HT13y MOJIEKYIa-KHHETUKAIBIK TEOPUSIHbI
’Kacayra, TachIMayJlay KYObUIBICTAPBIH 3€PTTEYTe, >KbUTYCHIMBIMIBUIBIKTAP/IbI €Cell-
T€y MOCEJECIH 1eumyre T.0. MyMKiHIIK Oepal. TeMeHri KbIcbIMaap MEH TeMIlepary-
panapaa OyJ1 TEOPUSHBIH KOPBITBIHIABLUIAPHI dKCIEPUMEHT HOTIDKENEPIH KAKChl TY-
CIHJIIpE/Il.

KbIchIM yiKeH OONFaH/Ia ra3 KaTThl ChIFbUIBIN, MOIEKYAANAPObIH KOAEMOEPIHIY
KOCBIHObICHL 2a30blH KoJemimeH wamanac 6onaovi. COHBIMEH KaTap, MOJIeKyjanap-
IbIH O1p-O1p1HEH KAIIBIKTBIFBl MOJIEKYAapanslK Kyuimep acep ememin 1miamMara JeiiH
azasizipl.

10.1 MoJiekyaanapabiH TAPThLIbIC KYLIIH eCKepy

MounekyanapapiH €3apa TapThUIBIC KYIII Ta3 1IHJE {uKi KbICbIM JIET aTalaThlH
KOCBIMIIIA KbICBIM Ty bIpaasl. COHABIKTaH Ky TeHJeyiHaeri p KpickiMabl (P+pt) ma-
MachIMEH aybICThIpY Kepek. Ban-nep-BaanbcTiH 3epTTeyniepi ki KbICKIM MOJIEKyJia-
Jap KOHIEHTPALUSChIHBIH KBaJpaThlHA Typa, MOJbAIK KeyieM (V,, ) KBajpaTblHa Kepi
MPOMOPIMOHAN OOJIATHIHBIH KOPCETTI:

1 a

MYHJIaFbI @ — Ta3/bIH TAOMFAaThIHA TOYE A1 OOJATHIH TYPAKTHI IIaMa.

Ochor exi Ty3etyni KnamneWpoH TeHjeyiHE €Hri3CeK, HaKThl Ta3blH O1p MOJIi
YIIIH Kyd TeHIeYyiH anambi3 (Ban-oep-Baanvc menoeyi):

(10.1)

(p+V%) (V,, —b) =RT (10.1)

M
["a3nbIH Ke3 KeJreH MesIiepine (v = :;) apHaJFaH Kyl TeHJEYiHIH Typi:

m’> a

(p+M2\7)(\/—%b)=%RT, (10.3)
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MYHIAa¥rbl a MEH b — SKCIICPMMEHT apKblIbl aHBIKTAJIAThIH TYPAKThI 1IIaMaap,

m
V = —V_—Ta3 aJIbll TYPFaH KOJIEM.
M

Ban-nep-Baansc TeHmeyin mbirapapaa Oipkatap oHalIaTyJap eHTi3UIMeHIIK-
TeH, OYJI TeHJIEY HaKThl ra3 KYHIH JKyBIKTAIl CUMATTaliabl. HakTel Ta3 Ky#iH cumar-
TaWTBIH 0acka aa TeHaeysep Oap. bipak omap kypaem OorFaHABIKTaH MYHJa Kapac-
THIPBLIIMAK/IBI.

10.2 Ban-nep-Baanbc u3oTepMaiapbiH TaJaay

Ban-nep-Baansc Tenneyi V kenem Ooiibiama yininmi gopexeni reguey. CoH-
JBIKTaH p KbICBIM MeH T TemneparypaHblH OeplIreH MoH1 YIIiH OyJI TEHACYI1H YII
TYO1pi 60onasl. TyOipiep/iiH exkeyl KOMIUIEKCTIK 007ybl MyMKiH. KejieM HaKThI m1ama
OonraHIbIKTaH, p MeH T — HBIH Ke3 KeJlreH OepliareH MoHiHae V Oip Hemece Y1 MoH-
re ve 0oiybl MyMKiH. Ban-nep-Baanbc TeHieynepin Tanaay YiliH OHbIH
T, >T,>T,>T, TemnepaTypaiap YIliH u30TepManapbid caaibik (10.1-Cyperreri

1,2,3,4 uzorepmanap). ['paduxrepi 3epTTey apKbUIbl KEIECl Y KOPBITHIH/IBI XKacay-
ra 0oaibl:

1) Temneparypa (T,) *orapbl Ooca, P
OHJIa HAKThI Ta3/lbIH 1 M30TepMachl Ujeall ra3
M30TepMachiHA yKcac 0oJ1aIbl.
p, = constbonrannarel AD wu300apa U30-
TepMamMeH D HykTeciHze KublLIbicanbl. Kei- Py

CBIMHBIH K€3 KEJI'eH p MOHIHAEr1 T, TeMiie-

paTypara KeJieMHIH V MoHI coiikec Kejenl, Py
srau, BaH-nep-Baanbc TeHaeyiHiH Oip FaHa
HaKTbI TYOIp1 OOJabI.

2) Temneparypanap (T2, Tz xoHe Ta)
TOMEH/JIey 0oJica, u3oTepmanapaa OyruicTep
naiina 6onaasl. AD u3obapa MeH 4 nzotepma
yur Hykreae (A,B,C)  kubuibicagbl. by
HYKTEJEp KOJIEMHIH P1 KbICHIM MEH T4
Temreparypaaarsl yir HakTel MoHIepine (V1, V2, V3) coiikec Kenei.

3) Temmeparypa ecin 4 u3oTepMagaH 3 oHe 2 M30TepMaapra aybICKaH ca-
WBIH KUCBIKTapAarbl Oyriiic Ty3ene oepemni. 4 skone C HYKTEIEpiHiH apa KalTbIKTHIFbI
azaifpIm, 2 uzorepmaaa Oip HykTere — K Oyrijic HykTeciHe Oipirin kereni. byn Hyk-
TEJIeH OTEeTIH n300apa P, =Cconst uzorepmara xanama 6oaaasl. M3orepmackinaa Oyri-
Jic HykTeci O6ap T2 TeMreparypa (ColHObIK) KpUmuKkaivlk memnepamypa Jen atana-
TTBL.

10.1 cyper - Ban-nep-Baannsc
u30TepMasapsl

10.3 3aTThIH KPUTUKAJIBIK KYiii. ®a3ajbIK aybicyJaap

Ban-nep-BaanbCThiH TEOPUSIIBIK M30TEPMaNapbIHBIH (PU3UKATIBIK MOHIH OJlap-
IBIH 2KCHEepUMEeHmmIK U30mepmaniapvlMeH CalbICThIpa Talaay apKblIbl TyCiHyTe 00-
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nanel. 10.2-cypeTTe KbI3bUI ChI3BIKIICH YKCIICPUMEHTTIK JKOHE KOK CBI3BIKIICH TCOPHUS-
JIBIK U30TEpMaiap OepisireH.

10.2 cypert - ®a3zanbIK aybICyJiap

1-2 xone 3—4 apanbIKTapa €Ki KUCBIK Oipirim keremi. Al 2-3 apanbIKTa ailbIp-
MallIbUIBIKTaphl OaliKasapl. OJapAblH DKCIEPUMEHT HOTHKesepl OoibiHIIa Oy apa-
JIBIKTA K6JIeM KillpeldTreHIMeH KbIChIM e3repmMeiiii. bipak, OyJ1 yakpITTa rasbl TOJNTHI-
PBUTFaH bIIBICTHIH KAOBIPFAChIHA CYMBIKTHIK KOHJCHCUPIICHE OacTal ibl. 3 HYKTE/E Ta3
CYMBIKTBIKKA aifHana OacTaiipl. M3oTepMustHpi 2 —3 apajbIFbIHA COMKEC KEJIETiH
Karjaiga 3aT ra3 jkoHe CYUBIKTBIK OOJAaThIH €K1 arperaTrThiK Kyiiae Oosanbl. by
JKaFrIalJ1arbl Ta3/bl KAHbIKKAH Oy, all OHBIH KBICBIMBIH KAHbIZY KbICbIMbL JICT aTail/Ibl.
Erep ochl kyiizie kesnem TypakThl 60jca, oHAa OyJlaHy MEH KOHJEHCAIus MpoIecTepi
Tere-TeHaiKTe Oosanbl. M3orepmanbiH 3-4 apaniblfbl CYMBIKTBIKKA COHMKEC KeJel.
CyHBIKTBIKTBIH KOJIEMI a3 IIamara e3repce, KbICHIM oTe YJIKeH IlaMara e3repeii.
CoHbIKTaH, OJapJbl CHIFBUIMANTBIH OpTa PETiHIE KapacThipyra Oomnaabl. JKylieHi
TEOPUSIIBIK U30TEPMAIAPBIHBIH 2 —a >KoHE 3—C apajbIKTapblHA COMKEC KYyWre Kel-
TIpYy YIIIH apHaiibl kKarJail opHaTy Kepek. bipak, Oy Kyiliep OpHBIKTBI eMec (Me-
macmabunvoi). 2—a apaiblFbiHIa Oy KBICBIMBI COJI TEMIIEPATypaaaFbl KAHBIKKAH Oy
KbICBIMBIHAH apThIK 001aabl. byn kylaeri Oynbl aca kanvikkan 0y nen ataiiabl. 3—C
apaJIbIFBIHIA CYHBIKTBIKTBIH KBICBIMBI COJT TEMIIEpaTypaaarbl KAHBIKKAH Oy KbICHIMBI-
HaH TeMeH 0onaabl. MyHall CYHBIKTBIK aca Kbl32aH CYUbIKMbBIK 1T aTallajlbl.

Erep opTypsai Temmeparypamarbl SKCIIEPUMEHTTIK H30TepMaiap CEPUSICHIHBIH
TOPU30HTaJb OOTIKTEPIHAETT ETKI HYKTEIep/l *KajaFaca, OH/la KOHbIpay Topi3il Ku-
ceIK mibiFagel (10.3 cypet). Ochl KUCHIK TeH K OyTiTic HYKTECIHIH COJI JKaFbIH/IaFbI
nzorepmanap ( p,V ) auarpaMManbl yiI aiMakka Oeiefii: ekida3aliblK Kyl aliMarbiHa
(KOHBIpaAy TOpIi3/1 KUCHIKTHIH acThl), CYMBIK KYHTE (COJI )KaFbl) )koHe Oy aiimarbiHa (OH
YKaFbI).

Kputukanibik u3oTepMaHblH YCTIHJET aifMaKTarbl ra3Fa KaHjai KbICKIM Oepce
1ie, OJI CYMBIKKA aifHaja aaMaiabl. K HYKTeCiHe COMKeC KeIICTIH V, Koesem MeH P, Kbl-

CbIM MIHI KPUMUKAILIK JTCTT aTalabl.
CyubiKmblKmuly CblbLIYbIH cunammai anaovl. Kpumuxanvly Kyt napamemp-
Jlepbl KeJIeCl O©PHEKTEPMEH aHBIKTaIaIbl:
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8a a
T, = V. =3b; P, = ,
X 27Rb K < 27p?

(10.4)

MYHJaFbl @ MeH b—Ban—nep—Baaibc Ty3eTynepi; R— ra3asiH YHUBEPCAT TYPAKTHICHI.
ConbimMeH, Ban-oep-Baanvc menoeyi eaz KyuiH, 2a30vly CYUbIKMbIKKA AUHATLY
NPOYECIH HCIHe CYUBbIKMBIKMbIY CbIbLIYbIH CUNAMMAl dlaobl

Py

0 v

10.3 cyper - Ban-aep-Baanbsc n3orepMaiapblHbIH CEPUSACHI

11 Mdapic Ne 11. DJIeKTPOCTATHKAJIBIK OPiC. JJIEKTPOCTATHKAJIBIK Opic
yuiin I"'ayce Teopemacsl

Hopic mazmyHwvl: SNEKTPOCTATUKAIIBIK OPIC IIEH OHBIH CHUIIaTTaMallapblH Kapac-
THIPBLIABI.

Hopic maxcamul: >1EKTPOCTATUKAJIBIK OPICTIH cUarraMaiapsl MeH ['aycc Teo-
PEMACBIH OKBIII YHPEHY .

THIHBIITHIKTAFbl 3apSATAPIAbIH (PU3UKACHIH KapacThIPAThIH 3JEKTp OeniMiH
ANIEKTPCTATHKA JIETI aTaiiipl. TaburaTTa 2JIeKTp 3apsATaphl OH JKOHE Tepic OOJIBIN €Ki
Typre OemiHemi. ATtac 3apsarap TeOiiaeal, aja op aTTac 3apsiarap Taptbutaabl. bipka-
Tap Toxipubenep Hotwkecinae (P. Mummken, A.®. Modde xone 6ackanap) tabu-
FATTarbl OapJIBIK DJICKTP 3apsiATapbl TUCKPETTI 3apsATaplaH TYPATHIHIBIFBI, JKOHE
onapaeie Moxybaepi 1,6-101° Ki-ra eceni exenpiri kopceTinren. Byt 3apsy nmamace!
OOWBIHIIIA AJICKTPOHHBIH 3apsiIbIHA TCH. 3apsAbIHBIH IIaMachl OChIHIal, OipakK OH 3a-
pAATANFaH €H Killll OPHBIKTHI O6JIIeK TPOTOH OOJIbIN Ta0bLIaIbl. DIEKTPOH MEH MPO-
TOH Maccanaphl coiikecinme: 9,1-10°% kr sxone 1,67-102" kr. Kenreren Taxipubenep-
JIH, HOTIDKETIEPIH JKaNMbLIai Kejie TAOMFATThIH 1preti 3aHbl, 3apsIATHIH CaKTaTy 3aHBbI
aHBIKTAJIFAH: OKIIAyJIaHFaH KyWeae 3apsaTap/ibiH (OH >KOHE Tepic) anreOpalbIK KO-
CBIHJIBICHI TYPAKTHI O0BINT Kajaapl. OKIayjlaHFaH HEMECe TYUBIK KYHE eI CHIPTKBI
JIeHeJIEpPMEH 3apsijl aJIMacalThIH KYWEH1 alTaIbl.

11.1 Kysi0oH 3aHbI

HyxkTemnik 3apsaarapsiH e3apa ocepiecyiHiH HeT13T1 3aHbIH, TOKIpUOE Ky3iHae
Kynon anbikransl. KymoH 3aHbIH TY)KbIpbIMAaMac OYPBIH HYKTENIK 3apsij YFbIMbIH
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eHri3eMi3 (KMHEMAaTHKaJa €HII31JIreH MAaTePHSUIBIK HYKTE TYpasibl TYCIHIK CHSKTHI)
HYKTEJIK 3apsij] JEreHIMI3 — CBHI3BIKTHIK OJIIEeMIePl dCEepIeCyIl 3apsATaiFaH JIeHe-
JIep/IiH apa KalIbIKTHIFBIHAH ©T€ a3 OOJBIN KENEeTIH JAeHe e opHanacKaH 3apsan. Kymon
3aHbl OOWBIHINIA: 8AKYYMOA OPHANACKAH €Ki (, JHcoHe (, HYKMeliK 3apsaomapovly
e3apa acepiecy KYWiHiy MOOYIi 01apobly WAMALAPLIHbIY KoOelumindicine mypa, a
apa KaulblKmul2blHblY K8AOPAMbIHA Kepi NPONOPYUOHAN:

F=kd% (11.1)
r

MYHJAaFbl Kk -eiieM »yileciHe OaiylaHbICThI OOJIATHIH MPONOPLUUOHANIBIK KO-

a3 PdurreHt.

3apsiaTap apChIHAAFbI OYJI KYII OCHI 3apsiATap OpHAJIACKAH TY3Y ChI3BIKTHIH 00-
WbIMEH OarbITTaJIFaH, SIFHU OPTaJbIK KYII OOJIBIN TaObUIafbel. ATTac 3apsarap YIIiH
(g, >0 xoHe g, >0 Hemece g, <0 koHe ¢, <0) F >0, an 3apsiarap op arrac OoJca,

F <0 6onazasl. Bexropinbik Typae Kyion 3aHbl Obliai ska3bliajib:

—>
BN
r
Fo—k Ch(gz 21
r r

, (11.2)

MyHZarbl F,, - GipiHiIi 3apsaKa eKiHim 3apsaThiH 9CEp €Tyl Ky,
-

1y, -OIpIHIII 3apsiTaH €KIHIII 3apsIKa OaFbITTaIFaH paguyCc-BEKTOp, 7 =

N
S

byn tenney arrac 3apsarapabiH OipiH-O01pi TEOETIHIITH, d9p aTTac 3apsaTap-
IbIH O1piH-01p1 TapTaTHIHIABIFBIH KepceTeai. Erep ne aceprnecyii 3apsaTap Bakyymaa
eMec, KaHjai na Oip oprana opHaiackad Oojica, onna Kynmon 3aHbl Obliail asplia-
TTBI:

Pkl (11.3)

MYHJIAFbl & -OJIeM OIpiiri 0K, OPTaHbIH JJEKTPIIK KACHETIH KOpPCeTYyIIi
OUDIeKMPAIK 6MIMOINIK 1T aTallaThlH (PU3UKAJIBIK I1aMa.

Bakyym ymiiH & =1 Gonanbl. XKorapsigarsl (11.1) xone (11.3) Tenneynepinen
£-HIH OepUIreH OpTaJarbl 9CEepJeCyIlll KYIUTIH, BAKyyMJaFbl 9CcepJecyllll KYIIIHEH
KaHIlla ece a3 €KEeHIH KOpCETeTIHIH OaliKay KUBbIH eMec. BIpmiKTepaiH XalbIKapasblK
xyinecinae (BX0K):

ke—L _9.10°™
4reg, D

(11.4)

By hopmynanarel g, =8,85-107? Kz? /(H - m* ) Hemece D/M — 37EKTp TYPaKTHICHI
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nen atanaabl. Ocel (11.4) sxone (11.3) - Tenneynepre cylieHe oThIpbin, KyloH 3aHbIH
TOMEHJIET1IeH xKa3zyFa 00a b

1
%gz (11.5)

F =
dreg, r

M .o o
MYH/JIaFbI =9-10° P eKeHJIrH aiita keTkeH koeH. Dapan (D)—snekTp

TTE,

CBIMBIMIBUTBIFBIHBIH ©JIIIIEM O1pJTiTi.
11.2 JneKTpCTATHKAJBIK OPiC KEPHEYJIiri

Kaszipri kyHri ke3kapacka ColKec 3JIeKTp 3apsipaThIHBIH 63apa ocepiecyi epic
apKbUIbl Ooyanbl. Ke3 kenreH 3apspanraH JIeHE ©3 TOHIperiHae epic Tyrbi3anasl. O
OpICTIH Oap EeKEHJITIHE OFaH EHTI3UINeH OTe a3 MOJIIEPl (, «CHIHIIBI 3apsaKa»

KYLUTIH 9cep €Tyl apKbUIbl KO3 kKeTKi3yre 0omapl. OpicTiH 0ap €KeHIrH aHbIKTayFa
KOJIIAHFaH 3apsi/l CHIHIIBI JIET aTaiFad. Opic TapanbiHaH ocep eTyIli KyIuTiH F epic-
K€ €HI13UITeH 3apsiAThIH IIaMachlHA (, KATBIHACBIH AJIEKTP OPICIHIH KEPHEYJIrl Aen

aTalabl:

IR
F
9o

E= (11.6)

Erep epic ke3iHiH 3apsnabl q Oosica, oHaa KyloH 3aHbIHA CYHEHE OTBIPHIIL,
(11.6) epHerin ObLnail sxa3yra 00JIAIIbI:

r__1 a r (11.7)
e, r> r

HEMece CKaJIsIp TYPIHJIE ©piC KEPHEYIIT1:

E-_—1_ 4 (11.8)

Are, r>

A erep epic TyFbI3YIbI 3apsi]] OlpHEIlle HYKTENIK 3apsiATap/IbIH Kykhec 6oica,
KOPBITKBI ©pIC KEPHEYJIITT 9pOip HYKTEIK 3apsi] KepHEYJITiHIH BEKTOPJIBIK KOCHIH-

JIBICBIHA TEH OOJIaIbI:
_)

- 1 n g r
E - T
= dre, ‘o r2op (11.9)

1 1

n

E=

MYHJAFbI I,- ©PICTIH KapacThIPBUIbIN OTHIPFAH HYKTECI MEH ¢, 3aps]l apachblH-

JTaFrbl KAIIBIKTHIK.
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By epHEK 37eKTp epicTepiHe CyNepHo3UIysl PUHIUITIH KOJIIaHyFa 00IaThIH-
IBIFBIH KepceTeni. byr mpuHImn OOWBIHIIA 3apsTap >KyWeci TYFbI3aThlH KOPBITKBI
AIIEKTP Opici OepiiareH HyKTee op 3apsia TYFbI3aThIH AJIEKTP OPICTEpiHIH reOMETPHs-
JIBIK KOCBIH/IBICHIHA TEH OO0JIaIbl.

11. 3 I'aycc Teopemachl

%
E BEKTOpBIHBIH aFbIHBI OTCTIH OTE Killli dS 3J1eMeHTap ayaaH/bl anaibik. OraH

-

N
TYCIpIJITE€H HOpMaJb N 3JIEKTP OPiCiHIH BEKTOPbl E-MeH « OypbIIIbIH Kacaiiabl Je-
JiK. Byt ayianbl KU eTeTid aneMenTap arbin dO

d@:E-dS-COSa:EndS:E'cZS',

R
MYHJaFbl E, KepHEYJIIK BEKTOPBIHBIH ayJaHfa TYCIPUIT€H n HOpPMallb OaFbIThI-
Ha MPOEKIUSACHI;

_) . - .
dS -BEKTOp, OJ MOYyJIi dS -K€ TeH Jie, OarbIThl 1 -HIH OaFbITBIMEH OAFbITTAC.

—\ = |

i R

v

dS

11.1 cypet — DyeKTp OpiCiHIH KEPHEYJIIK BEKTOPBIHBIH aFbIHbI

Kes kenren S aynaHHaH ©TETiH E BEKTOPBIHBIH aFbIHbI O
@, =[E-dS (11.10)
S

6onanpl. OcbiraH OailIaHBICTBI aTam ©TETIH Olp *Kail: ayJaH TYWBIK OOJFaH Ke3Je,

—

OFaH TYCIPIITEH N HOPMAJBIBIH OH OAaFbIThl PETIHIE CHIPTKHI HOPMAaJIb AJIbIHAIIBI:
SFHUA HOPMAJIBJIBIH 09pi ay/laHHAH ChIPTKA Kapai OarbITTalajbl.
Hyxrenik 3apsin epicid kapacTeipaitbik (11.2 cyper).
3apsn Ke3 KeNreH MIMIHACETT TYWBIKTal-
raH OCTTIH ImiHe opHajackad jgemk. Kimn
11.2 cyper - HykTemnix 3apsg epici  0S ay/laHbIHAH OTETIH SJIEMEHTAp aFbiH dO. :

d®. = E-dS-cosc .
byraH HYKTeNiK 3apsaThIH JIEKTP epici-
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HIH MOHIH KOWFaHa

1 g q
do. = —dS-cosa = dQ )
® dze, r? “ 4re, (11.11)

OyJ1 xKepaeri dQ - aueMeHTap ayJaHfa Tipenylni, Tedeci HYKTeNIK 3apsiaTa opHajac-

KaH neHenik Oypeim. (11.11) TeHairin uHTErpannacak, TOJNBIK aFbIH o=9 -re ten

&

Oomazapl. @ -ThiH OyJ1 MoHIH (11.10) dhopMyIackHBIH COJT KaFbIHA aIllapbill KOMFaHIa

- — 1
dsS=—
'!.E ° 5oq

Oosanpl. 3apsia Ke3 KeareH MmimmHAeri OeTTiH TYMBIK 1IHe KaTKAaHABIKTaH o Oy-

T .
PBIIIbI E-I[GH a3 Ja, KoII TC 60J'IYBI MYMKIH. COHI[BIKTaH COSa MEH d()2 HOJIIECH KOIl

T€, HOJIJICH a3 Ja OoJlap e, SFHU 3apsi TYWBIK OCTTIH CHIPTHIHJA OpHAIACKAH >Kaf-
naiia, oHnal aygaHHaH E -BEKTOPBIHBIH aFbIHBI HOJITE TE€H 0o0yajbl. DIEKTp OpicCiH
Oy» Oy, ---» §, HYKTETIK 3apsii TyAbIPaThIH 00JICca, OHJIa CYNEPIIO3UIIMS MPUHIIUI 00-

HWBIHIIIA KOPBITKBI arbIH:
§E-d§z§(l§l+ I§2+...)d§=§E1d§+§I§2dS+... .
S

Erep 3apsarap TyibIK OCTTiH illiHEe OpHAjJackKaH 0oJica, OHIA TCHAIKTIH OH *a-

FBIHIAFBI Op UHTErPaIl % re TeH Oosap eni. COHIbIKTaH
€y
- - 1 &
fEdS=—)4q, (11.12)
&y i=l

nen kaszyra 6onanel. by (11.12) tenney ["aycc TeopeMachbiHBIH MaTEMATUKAIIBIK Op-
Heri 0oJbin TabbuIaabl. OHBIH aHBIKTAMAaChl: BaKyyMJIET1 AJIEKTP ©piCl BEKTOPHIHBIH
Ke3 KEJIFeH IIIIHJIeT] TYHBIK OeT OOMBIHIIA aFbIHBI, OHBIH ITIH/E KaTKaH 3apsaTap-
JIBIH aNTeOpalblK KOCHIHIBICHIH JIEKTP TYPAKTBICHIHA ¢,-Te Oenrenre TeH. Erep 3a-

psaaTap OepiireH KeieMje p = % TBHIFBI3JIBIKIICH Y3/IIKCI3 Tapajbill OpHAIACKaH 00JI-

ca, OChbl V KOJIEMIiHIH IIITIH/ET1 dKUBIHTBIK 3apsiI:

Sa, = [par (11.13)

i=1 Vv
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Ocsr1 (11.13) TeHIIKTI eckepe OTHIPHIN, ['aycc TeopemMachiH 3JEKTp opicl YIIiH
TOMEHJIET1Iel TYpAe KazyFa Oonaabl:

g e— L 11.14
§E dS—golpdV ( )

12 JTopic Ne 12. DyekTpCcTaTUKAJBIK OpicTepAiH KacueTTepi koHe KepHey-
JIIK BeKTOPbl MEH MOTeHUHMAJ apacblHAAFbI 0alJIaHbIC

opic masmyHwvl: IEKTPOCTATUKAJIBIK OPIC KACUETTEPIH KOHE KEPHEYJIK BEK-
TOPbl MEH MOTEHILIUAT apachbIHAAFbl OAMIAHBICTHI KAPACTHIPHLIAIbIL.

opic makcampi: NEKTPOCTATUKAJIBIK OPIC KACUETTEPIH MKOHE KEPHEYJIIK BEK-
TOPbI MEH MOTEHIIMA apachbIHAAFbl OAMIAHBICTBI OKBIN YHPEHY .

12.1 DyIeKTPCTATUKAJIBIK OpicTe 3aps/l OPbIH aybICTHIPFaH/Ia OPbIHAAJIA-
THIH JKYMBIC

Hyxrenik q 3apsablHBIH ©pICIHAE €KIHIII HYKTENIK 3apsa ¢, l-11 HyKTeaeH
2-1111 HYKTere KanuceiOip TpaekTopusaMeH Ko3raichiH (12.1 cyper).

OpbIHaNIaThIH dJIEMEHTap JKYMBIC
dA=F-dr=F -dl-cosca = -@-dﬁ-cosa,
g, r
1
dl-cosa=dr OOJFaHIBIKTAH, dA= . q_qzo dr
dre, r

Oonazdpbl. ¢, 3apsAblH 1-111 HYKTeAeH 2-1111 HYKTe-

§>0 re JediH OpbIH aybICThIPFaHJIa OpPBIHAAJIATHIH
’ JKYMBIC:
12.1 cyper - Dnektp epiciHiH 5 g .
q9 r 99, 494
JKYMBICBI A12:4 0 J'_2: 0o _ 949 @2.1)
eyt e 4mg,\ n r

i

MYHJIaFbl I, MEH I, - ( 3apsAAbIHaH KO3FaIyIIbl (, OpHAJACKaH OAacTaIlKbl )KOHE
COHFBI HYKTEJIepre JeHIHT1 KAIIbIKTBIKTAP.

Ocpiran coiikec (11.1) TeHAIriHEH 3JEKTPOCTATUKAIIBIK OPICTE KYMBIC 3aps/I-
TBIH JKYPIIl ©TKEH OJIBIHBIH TPACKTOPHUSChIHA OAMIaHBICTHI EMEC EKEHITIH KOHE TEeK
KaHa 1-111 MeH 2-111 HYKTeJNep/iH OPHBIMEH aHBIKTAJIAThIHBIH Kepyre Oonanbl. Onai
0oJica, OYJI DBJIEKTPCTATUKAIBIK OPIC NOMEHyuaiovl, JICKTPIIK KYILITEP KOHCepea-
muemi 60nanpl nereH ce3. Erep ¢, OipHele HYKTEIIK 3apsaATapAblH ©pICiHIe KO3Fa-

- > —

N
JaThIH OoJica, OFaH CYNEPIIO3ULIUS MPUHITUIIL OolipIHIIa, F = F+F;...F, Kym acep
C€TKEH/IIKTEH, aTKapbUIATBIH JKYMBIC dp KYII JKYMBICTapBIHBIH anre6panbn< KOCBIHBI-
CbIHA TCH, SFHU

A=A1+A2+...+An=i%[i—ij, (12.2)

o 4neg \ 1y 1y
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OyJ1 Kepaeri r, MEH 7, MOJIIEpPl ¢, 3apsAaTaH (, OpHaJacCKaH 0acTarKbl >KOHE COHFBI

HYKTesepre Aeilinri KambIKThIK. JKorapeinarsl (12.2) dopmynagan TysIHIAUTBIH Ta-
Fbl O1p KOPBITBIH/IbI —3JIEKTPCTATUKAJIBIK ©PICTE 3apSAATHIH TYUBIK KOHTYPJbIH OOMbI-
MEH OPBIH ayBICTHIPY XYMBICBIHBIH HOJIT€ TEHIT1, SIFHU ifdA:O oomysl. Erep Ko3ra-

JyIIBI 3apsIATHI OIPJIiK ©JIIIEM/Il 3apsiKa TeH Jel ajcak, onaa (12.2) TeHaikTeH:
f £
L

By uHTErpan 3eKTPCTaTUKANIBIK OPICTIH KEPHEYIIIK BEKTOPBIHBIH TYHBIK KOH-
Typ OOMBIMEH yupKyiayuscyl 1eN atanasl.

N

dt={E-dt- cos(z? sz =0 memece  {Ed/=0 (12.3)
L L

- .
E BEKTOPBIHBIH LUPKYJIALMACH TeOpeMachiHaH OipHeIle MaHbI3bl KOPBHITHIH-
JbLIAp MIBIFApyFa 00Ja/bl:

. - o« . . o
1) DneKTpcTaTUKANBIK 6pic E KEPHEYJITiHIH KYII CBI3BIKTAphl TYHBIK OOITYBI
MYMKIH €MecC.

g . o
].HBIHI[BIFBIHII& Ja, erep £ BEKTOPBIHBIH KaHIIaﬁ Ja 6lp CBhI3bIT'bI TYHBIK 60J'IC3,

OHJIa OCBI ChI3bIK OOMBIMEH E BEKTOPBIHBIH HUPKYJSIIUACHIH ajncak (12.3) TeopusiMeH
KapaMma-KauIIbUIBIKKA KeTYII eiK.

2) 12.2 - cyperTe KOPCETUITeH TYpAEri 3JIEKTPCTATHKAIBIK OPICTIH OOJybI
MYMKIH €MecC.

. . . -
Erepne 12.2-cyperTe KOpCETUINEH Y31K-Y31K CBI3BIKTAPFa £ BEKTOPBIHBIH LIUP-
KYJISIIUSCH TEOpEMachlH KOJIJIaHCa, OHJa OJ HOJJIEH epeKiie 0oyiajbl, al oJ Teope-
Mara Kapama-KauIbl KeJe/Il.

A 4

A

VVVVYYY

12.2 cypet - DIeKTpCTaTUKANIBIK OPICTIH KYII CHI3BIKTAPBI TYHBIKTATFaH 00JIybl MyM-
KiH eMec

12.2 JneKTPCTATHKAIBIK OPiC MOTEHIIUAJIBI
[ToTeHUMANIBIK ©piCTerl KOHCEPBATHBTIK KYIITEP >KYMBICHI MOTEHITUAIBIK

SHEPTUSHBIH KEMY1 HOTHUKECIHJIE OPBIHAANATHIHBIH ecKepe OThIphIn, (12.1) TeHaeyin
ObLIail y)ka3yra 00Jaibl:

1 qq, 1 qq,
A, =W —-W = - 12.4
2 phoee dre, 1, 4, 1, ( )
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Jlemexk, q, 3apsSAbIHBIH ( 3apsiibl ©pICIHIET] TOTEHIIMAIBIK YHEPTUACHIH

W= 4D ¢ (12.5)

dre, r
nen aiyra 6omansl. by dopmynanarel C - TYpaKThICHIH MOTCHITUAIABIK SHEPTUSHBIH
MIEKCI3/IIKTEr1 MOHI HeJre TeH 00Jybl mapThiHaH TabyFa Oosaasl. OChlFaH COUMKEC (,

3apSABIHBIH ( ©PICIHIET] TOTCHITHAIBIK YHEPTUSCHI

Ly (12.6)

dre, r

HE EKIHIII KaFbIHAH COHFbI (DOPMYJIAHbI (,- A1H OpPICIHAEC OpHANACKAH ( 3apsIbIHBIH

) . . W
SHEPrusCHl Aen Te ecenrteyre 6onaasl. (12.6) epHeriHeH OepiireH HYKTEAeTT — Ka-
0

THIHACBIHBIH (,- JIH MeJlepiHe OalJlaHbICTBl eMec ekeHl Oaiikanaabl. COHABIKTaH

OYJI KaTbIHAC - JICKTPCTATUKANIBIK OPICTIH dHEPreTUKAJIBIK CHIaTTaMachl 0oja aja-
161, OHBI OPICTIH nOMeHyUa bl ACT aTal bl

p=— (12.7)
9

byn ¢opmynanaH, 35meKTpCTaTUKANIBIK OPICTIH OEpUIreH HYKTECIHJETr! MOTEH-
IUajbl - COJI HYKTEJE OpHaJacKaH OIpPJiK eJIIeMAETI OH 3apsAThIH MOTEHIIUAIBIK
DHEPTUSCHhIHA TEH JIereH KOPBIThIHABI HibiFasl. Kenripinren (12.6) xoune (12.7) ep-
HEKTEPIHEH HYKTEJIIK 3apsIThIH MOTSHIIHAIIBI

p=—1 (12.8)

dre,r

€KEH1 IIbIFajbl. 3apsiAThl OPICTIH Olp HYKTECIHEH OHBIH EKIHIINI HYKTECIHE eliH
OpBIH aybICTHIPFaHa OPbIHAAIATHIH KYMBICTHI (12.8) TEHIIrIH €CKepe OTBHIPHII, TO-
MEHJIET1IeH Typie *a3zyra O0omabl:

Azc]o(% _§92) (12.9)

bynan kepeTiHiMI3, OpPBIHAAIATHIH XYMBIC OPBIH AYBICTHIPYIIBI 3apsIATHIH
MeJTIIIep1 MEH AJIEKTPCTATUKAJIBIK OPICTIH 3apsii OpHaIacaThlH 0ACTaNKbl dKOHE COHFBI
HYKTEJIEPiHIH MOTEHIIMaIIap albIPBIMBIHBIH KOOCHTIHICIHE TeH Oosansl ekeH. Erep
epicti Oip FaHa 3apsn emec, OlpHEMe ¢;,J,,..,J, 3apsaATap KypaWTbiH OoJjica, OHIA

n

(12.9) dopmynackl OolbIHIIA, OCBI ©PICTE OpHAJIACKAH (|, -A1H MOTEHI[UAIBIK dHEp-
THSICHI
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g ol e} (12.10)

47[80 i-1

1

OyIaH HYKTEET1 137eIiHIN OThIPFaH MOTCHITHAI

1 ¢
dre, ‘T T,

1

(12.11)

oonanel. XKorapeigarer (12.10) Tenairimen canbicThipFanaa, (12.11) epHerinen 3a-
pAATap CUCTEMACHIHBIH OEpIIreH HYKTEIET1 MOTEHITUAJBI - OJ1 ©picTeri opoip 3aps
NOTEHITHAIIAPBIHBIH  alTeOpabIK KOCHIHIBICHIHA TEH OOJATBHIHABIFRl OaifiKaabl.
Erep 3apsiarapasiy OepiareH KejieMJIeT! ThIFBI3ILIFEl p 00jca, onaa (12.11) Tenairin

TOMEHJET1/IeN Typ/ie xKa3zyFa 00a bl

- ! jp'dV (12.12)

4re, r

by unTerpan 3apsiarap opHajackaH KEHICTIKTI TOJBIK KaMTubel. Erep 3apsin-
Tap OepiireH O6ip 0erTe o OETTIK THIFBI3BIKIIEH OpHAIacca, OHJa:

o= [ T8, (12.13)

4re, r
MYHJAFbl o -3apsAThIH OCTTIK THIFBI3ABIFRI; dS - OETTIK ayAaH S -TiH 3JE€MEHTI.

12.3 KepHey.ik BeKTOpPbI E MeH MOTEHIHAJ ¢ apachbIHIAaFbI Oail1aHbIC

0; 3apsiibl TYFBI3AThIH AJIEKTP OPICIHIE (,-III1 3apsAabl X OCIHIH OOoibIMEH dx
KAIIIBIKTBIKKA OPBIH ayBICTBIPFAHIA OPBIHIAJIATBIH XYMBIC dA=(,E dx OOJICHIH.
Exinminen, 6y skymbic dA=—q,de 60maabl. OnapasiH OH KaKTapblH TEHECTIPTeHIE:

E =-9 (12.14)
dx

Jlon ochlmali y JKOHE z ©CTEpiH KapacThlpa OTBIPHIN, E BEKTOPHIHBIH TOMEH-
Jerijielt epHeTiHe KeJeMi3:

zz_(d_w;d_w;ﬂ_w;] (12.15)
dx dy dz

MYHIAFbI 1,],K- X, y, Z — KOOpJUHAT OCbTepi OOHMBIMEH OarbITTaIFaH OIpJIiK
BEKTOpJIap.
['pamueHT Typanabl aHBIKTaMa 1aH:
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RN

E=-gradp Hemece E=-V. 0, (12.16)

_ > d=> d?p
MYHJAFbl V = o i+ @ j+ o k -I'amMmIbTOH orepaTopsl (Habj1a orepaTopsl).

(12.16) OoiipiHIa-KepHEyYIik E Tepic TaHOaMEH ajibIHFaH MOTCHIUAJIBIH Irpa-
IUEHTIHE T€H 00JIabl.

DJIEKTPCTATUKANIBIK OPICTI TPaPUKTIK TYpAE KYII ChI3BIKTapbl apKbUIbl FaHa
e€MeC PKBUIOTCHIIMAJABI OCTTEp apKbUIbI Jla KeCKiHeyre 0oJiabl. DKBUIOTCHIHA-
IBIK OeTTep aen OapJibIK HYKTEJICPIHIH MOTEHIUAIIaphl Oipaei OeTrepal alTaibl.

9 popmynachiHa CoHKeC IK-
E, T

Erep epicTi HyKTemiKk 3apsia TyabIpca, OHAA ¢ =

BUIMOTEHITMAIBIK OeTTep cepa TypiHae 0omaapl

12.3 cypeT - DKBUNOTEHUUATABIK OETTED

Hyxrenik 3apsaThlH KYII CBI3BIKTApPBI paanyc OOWBIMEH OaraTTaFaHIbIFBIH
aWTKAHOBI3, SFHU SKBUIOTCHIMAIILIK OCTTEp MEH KYII CBI3BIKTapbl ©3apa OpTo-
roHanb 6o kenei. CypeTTe KyII ChI3BIKTaphl Y31K-Y31K ChI3BIKTapMEH KYPri3iji-
reH. DKBUTIOTEHITHANIBI OETTEepIiH KUlieyl (KOIJaHybl) MOTSHITMANIBIH MOHIHIH ©3-
repyiHe colkec Keyesi. 3aps/iTaH ajblCTaFraH CallblH SKBUMIOTCHIIMANIBIK OCTTEp CH-
peit Oepeni. DKBUMOTEHIUANABIK OCTTEPAiH OarbIThIH O17ie OTBHIPHIN KYIII CHI3BIKTa-
PBIH XYprizyre 060Jaabl HeMece KepiCiHIIe.

13 Japic Ne 13. DaekTp opicinaeri eTKi3rimrep MeH TUIIEKTPUKTEP

Jopic mazmynsl: DJIEKTPOCTATUKAIBIK OPICTEr1 OTKI3TIIITIK MEH AUAJICKTPIIK
KacHeTTepiHE 1Oy .

opic makcamuol: ©TKI3TIIITEPIIH JICKTP CHIMBIMIBLIBIFBI XKOHE KOHJACHCATOP-
Jap Typalibl TYCIHIKTI AaMBITY; AUDJICKTPUKTEPIET] MOISIPU3alMs KYObUIBICHIH KOHE
AJIEKTPJIIK BIFBICY BEKTOPBI OKBIN YHPEHY.

13.1 DuekTp opicingeri eTki3rimrep

Erep oTKI3rimTi CHIPTKBI 3JEKTP OpICIHE OpHANACThIpca HEMece OFaH KaHaau
na Oip 3apsa Oepce, oHma OV €Ki KaFJaiaa 1a OTKI3TIMTET] 3apsATapra dJIeKTpCTa-
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TUKaJIBIK ©pIC 9cep €Till, 3apsaTap OTKI3TIII 11I1H/e OpbIH aybICThIpa OacTaiiabl. by
MPOLIECC OTKI3TIII 1IIHAET1 epic Henre TeH Oonranmia xypeai. Ocbl Ke3/1e OTKI3TIMI
IIrHaeri moTeHMan TypakThl (¢ =const) Ooyaasl Aa, OTKI3CIII OCTiHIH op HYKTCCIiH-
JIeT1 KepHEYJiK HopMaib OoiibiMeH OarbiTTanansl. Kepi xarnaiina 3apsarap/IsiH Teme-
TEHJIIr1 Oy3bLIa/Ibl.

["aycc TeopemMachiH KOJIAAHBIN, OTKI3TIIITIH OCTIHACT1 Opic KePHEYJITriH TiKe-
Jiel aHbpIKTayFa 0osiabl. AWTanbIK, 13.1-cypeTTe KepceTuUIreH oTKi3rim OeTiHAer 3a-
pAATapIbIH OCTTIK THIFBI3ABIFI o OOJICHIH.

-

E

13.1 cypet - OTkisrim OeTiHJIer1 JIEKTp OpiCiHIH KepHEYIIT1

N
Oci E BEKTOpPBIMEH COoMKec KeleTiHAeH TYMBIK MWIMHAP anarblK. Llwmmaapain Oip
’KaK Ta0aHbl OTKI3TIII 1MI1H/IE, aJl eKIHIIICI CBIPThIHAA O0JICHIH. [{MauMHAPIIH OTKI3TiII
1II1HAE *KaTKaH KbIpbl MEH OYyilip O€Ti apKbLIbl O©TETIH aFbIH HOJITE T€H €KEHIr 0e-

. g
ruti. COHABIKTAH E AS =oAs/e,e, MYHAAFBl  E - E BEKTOPBIHBIH CBIPTKBI HOpPMAaJIbFa

MPOEKIMACKI, AS -IUIUHAPAIH KOJIJICHEH KUMAChIHBIH ayAaHbl, o -3apsaATap/biH OeT-
TIK THIFBI3ABIFBI. COHFBI TEH{IKTEH

E =o0/¢g,¢€, (13.1)

MYHJAFbI & -OTKI3TIIITI KOPUIaFaH OPTAHbIH AUAJIEKTPIIK OTIMILIITI.

Erep snextp epiciHe 3apsiaTaaMaraH oTKi3riiml eHrizcek (13.2 cyper), oHaa oT-
KI3Till 1IIIHAE epKIH 3apsSATapblH (3JEKTPOHIap MEH HOoHAap) OesiiHy mpouect Ky-
penl, HOTWXKECIH/IE OTKI3TIIITIH OIp YIIbIHA — OH 3apsATap, eKIHII YIIbIHA—TEpIC 3a-
pSATAp KUHATA/bI.

|

|

|

|

[ U U I I NN O O AR A A

FHEE R R R
[N NN
FRESE

[ 1 1 II
Q.
|
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13.2 cypet - KepHeyik ChI3bIKTap
a) OTKI3TIIITI 2JICKTP OPICIHE OpHAJaCKaH Ke3/eri 0acTankbl ME3eT;
0) OpHBIKKAH COHFBI KYH.
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Ocsl 3apsaTap TyFbI3FaH epic CHIPTKbI ©pICKE Kapchl OarbITTaiaabl. byn mpo-
[[ECC OTKI3TIII 1MIHAET] Opic HOIre TeH OONFaHIIA KYpEe/l, )KOHE OTKI3TIII OeTiH Ier1
KEPHEYIIIK ChI3BIKTapbl OETKE OPTOrOHAIB OOJBIT Kenemi. 13.2, a-cypeTTe oTKI3TimTi
AIIEKTp OpICiHE OpHAajJacKaH Ke3jeri Oactamkel Meser; 13.2, 6-cyperTe OpHBIKKaH
COHFBI KYM1 KepceTinreH. OTki3rim OeTiHAe maiina OosFaH 3apsATap WHIYKIUSUIIBIK
3apsaTap Jer, ajl epic dcepiHeH OTKI3TIITeTl 3apsaaTap/IblH KaiTa Taparysl (opHasa-
CybI) 3JICKTPCTATUKAIBIK MHAYKLHUA JeN artanajbl. OTKI3TIITIH i1l KybIc 0OJybI 3a-
psAaTapabIH 0€TTe OpHBIFYBIHA KeAepri Oonmaiael (ocep eTneial). byn aiTelmrangap
OpTYpJI JEeHEeNep/l JJIEKTPCTAaTUKANBIK KOpray YIIH KOJJAaHbUIaAsl. Mpicalbl,
ANEKTPOIIICYINl KYpaliaapAbl CHIPTKBI 3JEKTPCTATUKAIBIK OPIC OCEPIHEH KOpFay
YIIIiH, KeOlHece MeTaJll TopJap KOJJIAHBLIAAbl. OTKI3TIIIKEe OCpUIreH 3apsaTapIblH
OTKI3TII OETIiHE OpHAaJIacybl OTKI3TIIITE 3apsiATapAblH (€Ki TaHOACHIHBIH J/a) Kell
MOJIIIEPIH JKUHAKTAy YIIIH jKOHE KapaMma-Kapchl 3apsiATalfaH ©TKI3TIITEp apachblHaa
YJIKEH MOTEHUUanAap aublpbIMbIH (OipHEIIE MWUIMOH BOJBT) TYABIPY YILUIH KOJIJa-
HbUTabl. by uaesusl Ban-ne-1'pad smekrpecraTuKaliblK TeHepaTop Kacay YUIH KOJl-
TaHFaH.

13.2 DaekTpiaik chIABIMABLIBIK. OKIIAYJaHFAH OTKI3TIIUTIH 3JIeKTPJIK
ChIABIMABLIBIFbI

backa eTki3rimTep MEH 3apsATap/aH KallbIKTaTbUIFaH OKIIAyJIaHFaH ©TKi3-
TIIITI KapacThipailblK. 3apsij MeH noTeHiman apacbinaa q=Co toyenaiiiri 6ap ekeHi
ToXiprOeneH oenriil. bynan meFaTeiH

c=1, (13.2)
®

IIaMaChIH OKIIIayJIaHFaH OTKI3TIIITIH 2J1eKMPILiK CollbIMObLIbIebl 1eTl ataibl. O cal
MOHI JKaFbIHAH O©TKI3TIIITIH MOTCHIIMAIBIH O1pJIIKKEe oCipeTiH 3apsaaka TeH mama. Chol-
WBIMIIBUIBIK ©TKI3TIIITIH MIIIIHIHE, MOJIIepiHe 0ailaHbICThl 00JIbIN, OlpaK OHBIH Ma-
TE€pHUaJIbIHA, arperaTThlK KyHiHe, OTKI3rIl 1IITHAETT 00C KybICTBIH OJIIeMIHE Toyedl
6onmMaiiibl. ChIABIMIBUIBIK, COHBIMEH O1pre OTKI3TIIITIH 3apsiibl MEH MOTEHIIUAIbIHA
na OaitmaneicTel eMec. OHbI ObLTall Aa aiiTyra OOJiafbl: OTKI3TIIITIH MOTEHIIUABI
OHBIH 3apsiibIHA Typa MPOMOPIMOHAI A4, CHIMBIMJIBUIBIFEIHA KEP1 MPOMOPIIMOHa 00-
nanel. Paquycel R, map mimmiHml, omajdaHFaH ©TKI3TIIITIH ChIMBIMABUIBLIFBIH aHBIKTA-

WbIK. by yiiia E MeH ¢-/11 6aillaHbICTRIpaThIH (POPMYJIaHbI Mai1aaHbIM, Tap IbIH
[MOTEHIIUAJIBLIH TA0aAMBI3:

= [Edr= [ L= L1 (13.3)

4re, 4ﬂq)aR

Mynsr (13.2)-re KOATBIH 00JICaK, MApABbIH SJACKTPIIK CHIHBIMIBLIBIFBIHBIH Op-
HET'1H aJlaMblI3:

C=4rg,R.
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BXK - ne celiibIMABUIBIKTBIH oJieM Oipiiiri perinae oTkizrimke 1 Ki 3apsi
Oepiirenjie, OHbIH MOTEHIMANBI 1 B - Ka e3repeTiH eTKI3TIIITIH ChIMBIMABUIBIFBI aJlbl-
Hajael. by mama dapan (@) aen atamansr. @apan - ete yiuken mama. Erep XKepai pa-
muycbl 6400KM OTKI3TINI MIap PETiHIE KApacThIPCaK, OHAA OHBIH CHIABIMIBLIBIFGI
mamamMeH 700-10° d-ka TeH. COHABIKTaH XMl KOJAAHBIIATHIH CHIMBIMIIBUIBIK ©J-
mwemzepi: 1 Mk®=10"° @ xone 1 nd=10"% D Gonaxesl

13.3 DJekTpcTaTHKAJIBIK opicTeri AudjeKTpukTep. udnexkrpukrepain
TypJiepi

Nnean nusnekTpUKTEpAe OHBIH AJICKTP OPICIHIH OCEpiHEH epKiH Ko3Faja aja-
TBIH 3apsaTap OoaMaibl. JIUAIEKTPUKTEPAIH aToMAapbl MEH MOJIeKyJanapbl TyTac
anraHja Oedtapan 0oJajbl, OUTKEH1 KYPaMbIHIaFbl MUKPOCKOIUSIIBIK TEPIC KOHE OH
3apsATapAblH Meepiepl oipaei. AToMAApAbIH 1IIIHIETT MUKPOCKOIHUSIIBIK 3apsi/I-
TapabH dnekTp opicinin 101 B/M mamackinma Gomamsl, Oy ic xKy3iHoe KON JKETKi-
3iITeH MaKpOCKOMHUSIBIK opicTiH (~107 B/M) maMacsiHaH KOIl apThIK. AToMaap MeH
MOJIEKYJIaJdapablH ChIPTKBI JIEKTP OPICIHJIE ©T€ OPHBIKTHI OOJIYbI dKOHE aTOMHBIH 1111-
Ki 3apsATapbIHbIH TYPaKThl 00ybl OCBIMEH TycCiHAIpuIeal. ChIPTKBI 9cep cunaTTama-
Chl JICHEJIEPAIH HaKThl KYpbUIbICBIHA Tayenl 0omnaabl. KypbuibichiHA OailmaHbICTHI
TUAJIEKTPUK 3aTTaplbl YII YJIKEH Tomlka Oesyre Oosanbl. BipiHin Tomka KaTaTbIH
TURJIEKTPUKTEPIIH OH KOHE TEpIC 3apsSATApbIHBIH aybIPJBIK LEHTpIepl Oip-OipiHe
coiikec keneni (13.3, a cyper). Meicansl, napaduH, OCH30I1, a30T, Ta3TPi3AEC CyTeri,
KOMIPCYTEKTIIEP/IIH KaTapbl. MyHAall AUAIEKTPUKTEP MOJEKYIAIaphIHBIH CHIPTKBI
epicl KOK Ke3ze TUIOIbIAIK MOMEHTI OomMaiael. COHIBIKTaH MYHAAH THUAJICKTPUK-
TEPAIH MOJEKYyJIalapbl — nosapivl emec aen aranaabl. ChIPTKbI AJIEKTP OpPiCiHAEe MO-
JEeKyJIaapAblH OH >KOHE TEpPIiC 3apsATAPBIHBIH «aYBIPIBIK IIEHTP1» Kapama - Kapchl
BIFBICAJIBI, OJI apayiblk { MOJIEKYJIajdapablH OJIIIEMIMEH CAllBICTHIPFaHIa a3 0oJaIbl
(13.3, 6 cyper). byt xe3zie op MoJiekyJia

p=ql (13.11)

JTUTIONBAIK MOMEHTKE re 0ostanpl. OHBIH IIaMachl O1piHII KYBIKTayda CHIPTKBI ©pic-
TiH E -KkepHeyirine Typa nponopironai. CeIpTKbI epic KOWBUIFaHIa MOJICKyJanap
aJFallIKbl KaJMblHA KeJedl A€, AUIMOJIBAIK MOMEHT HeJire aHamaabpl. MyHnmal mau-
MOJIBJCP — «CEPHIMI1» AUMOJIbAEP JEI aTaaabl.

a) DIIEKTP Opici KOK Ke3/I¢; 0) aneKTp epici 6ap ke3je.
13.3 cyper - Katan qumnosbai AMAJIEKTPUKETPIIH OlpiHII TYpi
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ExiHIi Tonka — ¢y, HUTpOOEH30J1, T.C.C. MOJICKYJIaJIAPBIHBIH KYPBUIBICHI aCHM-
METPHSUIIBI 3aTTap JKaTabl. byiapaa ceIpTKBI epic )KOK Ke3/1e Jie, OH KOHE Tepic NOH-
TapIbIH «AYBIPIBIK IEHTP1» Oip-OipiMEH COMKeC KeIMEUTIHIIKTEH, COHJBIKTAH OJIap
«KaTaHy JAUMOJIb Kypanael. MyHIal no/isapist MOJEKyIaaap IbH AUTOIbIIK MOMEHTI-

HiH caH MoHi: p=g¢ /¢ =10 K1-10°%=10"?° Kn - M mamaceiaaii 6onaasl. ChIPTKbI

epic OonmMaraHaa (E:O), JKEKE MOJIEKYJIIapbIH TUTIONIBACPIHIH OaFbITTAPhI KBLTY-
JBIK KO3FaNBICTBIH ce0eOiHeH perci3 Oomanpl. YKanmbl IUAIEKTPUKTI TYTac ajfFaHia
JUTIOJNIBIIIK MOMEHTIHIH KOPBITKBI MOHI Heyire TeH 0osanbl. ChIPTKBI SJIEKTP OpiciHEe
OCBIHJIAM JUAJIEKTPUKTI OpHAaJacThIpcak, opOip KaTaH IUIOJbre epiCTiH OoibIMEH
Oypyra ThIpbICaThbiH 3JeKTp Kymu acep eremi. Koc xymri (13.3 cypeT) TyabIpaThiH
alfHAJIIBIPY MOMEHTI KeJeCl TYpJIe sKa3blIajIbl:

M, =F -h=qElsin = pEsin (;Ag) (13.12)

AT KBUIYJBIK KO3FaJBICTBIH 9CEpl JIUIONb-
JepaiH epic OoibIMEH OarbITTallyblHa Kepi acep

o . : :

My (,_‘E/: E €Te/Il, COHJIBIKTAaH KaTaH JUIOJIbIEP OpICKEe SpPTYp:l

. / Eff - a 6¥pBIHlBIMGH 6af51ﬂwaﬂ51. OcpiHpal Kapama-

7 - KapChl 9CEP/IH HOTHKECIH/IE, MOJEKYTaNap/IbIH TH-

-F -] - MOJIBJIIK MOMEHTIHIH epic OarbIThIHA MPOEKUHUsIIA-

PBIHBIH OpTallla P. = P cose MOHI HeJre TeH 00JI-

13.3 cyper-ANHANABIPYIIBl  Malipl. BipiHmm KybIKTay[aa p. HIaMachl ©picTiH

MOMEHT > ..
E - KepHeyJiriHe Typa, ajx abcoiatoT T TeMIepary-

para

Kepl mpornopironan 6onaapl. TyTac JUAIEKTPUKTI Kbl allFaHAa CHIPTKBI E epic-
TiH OOMBIMEH OarbITTAIFaH JUITOILIIK MOMEHTI OOIabI.

Y1niHIn TONKa HOHABIK KYPBUIBIMBI 0ap KPUCTAJIBIK JUAICKTPUKTED JKaTaJIbl
(XJI0pIIBI HATPHUIA, XJIOPIBI KaJUi T.C.C). ByJap/sl 3J€KTp epiciHE €HTrI3TeHJle KpHC-
TaJJl TOPBIHBIH OH HMOHJAPBIHBIH ©PICTIH OaFbITBIMEH, TEPIC MOHJAPBIHBIH ©pICKE
Kapchbl OarbITIeH Oipiiama bIFbICYbI 00Jaabl. MyHAAl TUAIEKTPUKTEPAE >KAIMbl aj-
FaHJIa CHIPTKBI OPICKE MPOIOPIIMOHAT epic OOWBIMEH OarbITTalFaH IUIOIBIIK MO-
MEHT 0O0JIaJIbI.

13.4 ImdaexkTpukTepain nojasapusanusicel. [loasipusauusijiany

CBIPTKBI 2JIEKTp opici OonIMaraH Ke3/1e AUAIECKTPUKTIH MOJICKYIalapbIHBIH JT1-
MOJIB/IIK MOMEHTTEP1 HE HOJTe TEH (TMOJSAPIIbI eMeC MOJIeKyIaiap) HeMece KEHICTIKTe
peTci3 Typae opHanacansl (MOJSIpibl MoJiekyia). Exi skarmaiima na AUMONBIIK MO-
MEHTTEPAIH KOCBHIHIBICH HOJTe TeH 0osanbl. ChIPTKBI OPICTIH dCEPIHEH AUAIICKTPUK
noaapusayusianadsl. Onai 6oyica — IUAICKTPUKTET KOPBITKBI JUTOJIBIIK MOMEHT
HOJIJICH ©3rellle, IeMEK TYTAC JUIICKTPUKTIH KOJIEeMIIK JTUIOIbAIK MOMeHT1 Oap. [To-
JSpU3ALUSIIaHy — TUAJICKTPUKTE CHIPTKBI 3apsIATap TYFBI3FaH ©pic KePHEYJIITiHIH Ke-
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MyiHe okeneni. Erep Bakyymaa 3apsaTapiablH e3apa acepiiecy Kyun F;, am audiex-
TPHUKTET1 Ky F Ooiica, onaa Kynon 3aHbIHa coiikec

—=c
F

OONATBIHIBIKTAH, TUAJIEKTPUKTI OpTaJarbl KEpHEYIIKTI E,=<¢E Jem ’ka3a ajaambi3.

OcplaH ¢ mIaMachIHBIH MOHI TE€K MOJIEKYJalapblH KYPhUIBIMBI MEH KaCHUETIHE FaHa
OailTaHBICTBI €MeC, JUAIEKTPUKTIH CBHIPTKBI OPICTE MONSIpU3aLMsiIaHy KaOUIeTiH je
aHBIKTAN/IbI eKeH. J[MdPNeKTpUKTepIiH MoIspu3alUsiIaHy AOpEKeciH CUMaTTay YIIiH

-

KeJieM OIpJiriHieri p, MUMOJBIIK MOMEHTTI aHbIKTAy KEpeK, OJI YIIIH MIEKCi3 a3 AV

KoJeMJll OeJylim  ajbIll, OChl KeJeMJerl MOJICKyJalapJblH MOMEHTTEPIHIH
KOCBIHJIBICBIH COJI KoJieMre 061y Kepek:

- 1 n_o—
P=—: . 13.13
NI (13.13)

-

byn xepie n gereHiMi3 Kelemaer: MOJEKylalapAblH CaHbl, p, -i-IIl MOJIEKY-

IR

JaHBIH JUATIONBIIK MOMeHTI. (13.13) epHeriMeH aHBIKTAJAThIH BEKTOPJBIK P IIamMa
-

JTUAJIEKTPUKTIH TOJSIpU3alMsUIaHy BEKTOPBI €N aTajajbl. P BEKTOPhl OarbIThl

.
TURJIEKTPUK TYPFaH >KepJieri 2JIeKTp opiciHiH E OarbiTbiMeH OarbiTTac O0maabl. To-
Kipubere coiikec MOJSpPU3ALUSIIaHy BEKTOPBIHBIH IIAMAachl ©piC KEPHEYJITIHIH IIa-

- o
MachIHa TPOTIOPIIMOHAN, IFHU P~ E jAen KaOpuigayra 6onaapl. Ke3 kenren nzorporn-
Tl JURJICKTPUK TYPJIEP1 YIIIH OEpUIreH HYKTEEer1 MoJIspru3alusiiaHy BeKTOPHI, epic-
TIH KEpHEYJIIriMeH OalaHbIChl MbIHAIal 00JIa b

P=agop (13.14)

MYHJAAFbl &—0U21eKmpiK Kaovlioasvluimulk €N aTanajabl, ol E ImamachiHa
TOYeJICI3.
On opTaHbIH NOJSpU3aALUATIAHY KAOUIETIH CUMATTAW/IbI )KOHE OPTAHBIH KYpbI-
— —_
JBIMBbIHA OalIaHBICTHI OONazbl. P MEH ¢, E MaManapbIHBIH eJeM OipiikTepi Oip-

Nied, COHJIBIKTaH & - eJieM Oipiikci3 mama. [lomsipiel emec MosekynanapaaH Typa-
TBIH AuANeKTpukTep YiriH (13.14) epHeri MbIHAAAN TYp/IE )Ka3bUIAIbI:

P=ng¢B E (13.15)

MYHIAFbI N OIpJiK KeJieMJIerl MOJICKYJia CaHbl, S —MOJEKyIaIapAblH MOISpU-

3arusiany KaOueTi.
Erepne &=ng, nen 6enrinecek, onna (13.15) epHekke kenemis.
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13.5 DJIeKTpJIiK BIFBICY BEKTOPbI

baiinansicTarbl 3apsiaTapAbIH Oer/e 3apsiaTapial ailbpMallbUIBIFBl — 631 Kyparl
TYpFaH MoJIeKyJalap/bl TacTam Kere anMaisl. Kanran xarbiHaH OyjiapisiH Oacka
3apsiATapAaH el albIpMalIbUIBIFBL XKOK. JlepOec karnaiia, oap 3JIEKTp OpiciHIH Keo-
31 OoJIBITI ecenTeneni. OTKeH Tapaynap/a 013 Ka3bIK Mapaijiesib JUJICKTPUKTCH Tak-

na OonraH OIpTekTi E epicTe OpHallaCKaH IJIACTHHAHBI MbICAJl PETIHJE KapacThIp-
raHOBI3. bys1 miacTrHa moJjsspu3alusiaHabl KOHE OHBIH OIpJIK KeJIeMiHAET1 Ju-

5
MOJBAIK MOMEHTI P Oonazasbl. [lonspusanusianrad 1jiacTUHa TYAbIPAThIH KOCHIMIIA
OpICTI ecenTey YIIIH OHbI 3apsJIbIHBIH OCTTIK THIFBI3ABIFEI ¢’ JKa3bIK KOHJIEHCATOP-

IIBIH ©pICl PETIH/IE KapacThIpyFa 00Jaabl, o' =P eKeHiH kepceryre 0onaabl. [{usnex-
TPUKTIH IIITHAET1 OPICTIH TOJBIK KEPHEYIIr1

-

E=E,+E (13.16)

5
Oonanpl. [MANEKTpUKTEH ThIC >Kepae mnojsapusanus Ooimaiiasl P =0, COHABIKTaH

- — . . o

E=E,. Aca xymTi emec epictepae (13.16) epHekke coiikec moispu3alusiaHy BeK-
. . . - e

TOpPHI OPIC KEPHEYIIriHe MPOMOPIUOHAN OONaabl: P =& &, £. DNEKTPCTATUKAIBIK

WHAYKIHMSHBIH aHBIKTaMachl OoWbIHIIA D =¢g, E. (13.1) xxone (13.16) epHekTepi ca-
JBICTBIPBIIN, ObLIAl jka3yFa 00JIajIbI:

D=¢g, E+P (13.17)

by popmynanarsl P MoHiH (13.17) koiicak TOMEH/IETI/ICi OPHEK alaMbI3:
D=¢,(E+®E)=s,(1+&)E (13.18)

COHBIMEH, 3JICKTP BIFBICYBI BEKTOpHI nen - (13.18) epHeriMeH aHBIKTaIATHIH
maMaHbl alTajbpl. OnmeMci3 ¢ =1+ & mamaHbl carblCMblpManlbl 6MIMOLIIK HEMECE
OPTaHbIH Oudiekmpik omimoiniei aen araiapl. Myssl eckepimn, (13.18) kaTbiHacThI

- - - -
D=¢gg, E TYpiHJE a3yFa 0oyasibl. AHU30TPONTHI JUIJIEKTPUKTE E KoHE D BEKTOP-
JIapbl JKAJTBl aTFaH/Ia KOJTHHEAPJIbl €MEC €KeHIH €CKepy KepeK. DIEKTP BIFBICY BEK-

TOPBIHBIH OJIIIIeM OIpJIiri Ki/m2. B BEKTOPHI TEK Oerjne 3apsiarapiaH mnaiaga 0ojraH
epicti cunatTaiinpl. COHIBIKTAH BIFBICY CBHI3BIKTAPBI TEK OOrae 3apsarapaad Oacta-
JIBIN, TEK Oerje 3apsaTrapaa askTanaabl. balmaHbIicTarel 3apsaATap opHajlacKaH HYK-
TEJEPJICH BIFBICY ChI3BIKTAPHI Y3UIICCI3 OTE/I.
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14 Jlopic Ne 14. IaeKTPOCTATHKAJBIK OPic JHEPTUSICHI

Hopic masmynsi: 3IEKTPOCTATUKANIBIK ©PIiC SHEPTUSICHIH OKBIIN YHPEHY.
Hopic maxcamul: 3apsaTap KYMECIHIH ocepiiecy 3HEPrusiChlH OKbII YHPEHY;
KOHJICHCATOpJIap MEH OKIIayJIaHFaH OTKI3T1I YHEPTUSCHIH OKbIT YHPEHY.

14.1 DnexTp 3apAATAPbIHBIH IHEPTUSACHI

Onamaianral OTKI3TIIKe ¢ 3apsAnbiH Oepeitik. OHma OHBIH aifHaNIachIHIA
AJIEKTp opici maia 00maapl KoHE OPICTIH MOTEHIHAIB ¢ 0oJaabl. OTKI3TIIITIH 3a-
PAIBIH dq [IaMara apTThIPY YIIIH OJ 3apsITHI MIEKCI3AIKTEH OTKI3TIIITIH OeTiHE oKe-
7y KE€peK, OFaH KaKETT1

d
dA=(p-p.)dg=gdg=""1

KYMBIC XkKacay Kepek, erep ¢, =0 nen ecentecek. bysl )KyMbIC ©TKI3IIIITIH 3JEKTP
OPICIHIH KYLUTEPiHE KAPChI )KYMBIC KACAUTBIH CHIPTKbI KYIITEPAIH KOMETIMEH OpPbIH-
nananpl. dq 3apsiabl KEpICIHILE, OTKI3TIITIH OETIHEH MIEKCI3AIKKE OPbIH aybICThIPCA,
AJICKTP OPICIHIH KYIITepl coHAai MeJepaeri dA »KyMbIC aTKapaasl. Jlemek, 3apsii-
TaNfaH OTKI3TIIITEpAE pa3psATady *KYMbICBIH W TMOTEHIUANIBIK dHEpTus OoJaibl.
OTKI3rITIH 3apsiiblH dg [Iamara apTThIpFaH/a, OHbIH MOTEHUUAN bl S3HEpTrUschl dW
iamara ecefil, 0J1 CBIPTKbI KYIITEPiH kacaraH dA KYMbIChIHA TEH:

dW = dA= éqdq (14.1)

BapsaTanMarad (q=0 jXoHE ¢ =0), ©31HIH aiHaJachIHIA JIEKTP OpiCi XKOK,
OTKI3TIIITIH MOTCHIUABIK SHEPTUICHIH HOJTE TEH JIeT ecenTeiMis. 3apsibl Oipia-
Mara JKeTKeH OTKI3rimTiH W sHeprusceiH (14.1) epHerin uHTErpayiiay apKbUIbl Ta-

OyFa GoJraIpl:
w q

1 17
W = [dw =J6qdq:6jqdq:
0

0 0

a
2C

OTKI3ri 3apsabl MEH MOTEHIIMANbI apachbiHIAFbl TOYCJIUIIKTI MaigaiaHbIl,
3apsAITaIFaH OTKI3TIIITIH SHEPTHUCHI YIIIH KeJecl TYpAeri OpHEKTI ainyra 00Jaabl:

_9 _dr_Co (14.2)
2C 2 2

3apsaTanFaH OTKI3TIMITIH IIHAE Opic )KOK. OTKI3TIITI 3apsaTaraHia, dJICKTP
epici TEeK OTKI3TIITI Kopimarad optajaa 6omanpl. COHIBIKTaH, 3apsSATalFaH ©TKI3TIII-
TIH AJICKTP DHEPTHACHI OTKI3TIIITI KOPIIaFaH OPTaJarkl SJIEKTP OPICIHJIE MIOFbIPIIaH-
FaH >koHe OHja Oenrim Oip KeJeMIIK ThIFBI3IBIKIICH TapaliFaH, dJICKTP OPICIHIH Kep-
HEYJIT1 OTKI3TIIIKE AeHIHI1 KAIIBIKTHIKKA TOYEI/II.
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14.2 3apsiaTajraH KOHAEHCATOPAbIH SHEPIUsIChI

Enpi jxa3pIK KOHACHCATOPABIH acTapiiapbl apachlHIAaFbl OIPTEKTI O©PICTI Kapac-
ThIpabIK. MyHIall KOHACHCATOPABIH 3apsATaly MpOoIeciH e MeKci3 a3 dq 3apsy Oip-
TIHJeN Olp IIaCTHHAJAH eKiHI TiacThHara etesi. COHbIH HOTHXKECiHIe Oip riac-
THHA OH, aJI €KIHIIIICI Tepic 3apsaTangajbl el ecentTeyre 00aabl )KoHE Oap IbIiH apa-
q

ChIHJIa OIpTiIHIEM 6ceTiH U = — MOTCHIHANIap albIphIMachl maima 6omaaer. OHara-

JIaHFaH OTKI3TIII YIIIH JQJIeIICHTeH KOPBITHIHABIHBI KalTasall, 3apsaaTalFraH KOH/EeH-
CaTOPABIH TOJIBIK JJICKTPCTATHKAJIBIK SQHCPIHUACHI YHIIH OpHeKTi JKasyra 6OJIaIII>I:
2 2
_4 _au_cut (14.3)
2C 2 2

(14.3) epHekke Ka3bIK KOHACHCATOPABIH CHIABIMIBLIBIFBI MCH ITOTCHIIMAAAD

0

alBIPBIMBIHBIH MOHIEPiH (C = % XKoHE E = L;) KOMCaK, TYpJACHAIPUITeHHEH KEWiH

AJIaTbIHBIMBbI3:

2 2
egE _ €& E

2

W=CU2/2:%S~E2d2= sd v (14.4)

MYHJIaFbl E -KOHJACHCATOPJBIH IIIIHAETI S3JIEKTP OpICIHIH KEepHEeyiri, ai
V = Sd — KOHIEHCATOPABIH KOJIEMI.

Bipnik xenemeri sHeprusi HEMece JIEKTP OPICIHIH YHEPTUSCHIHBIH KOJIEMIIIK
TBHIFBI3/IBIFbI:

w=W/|V=¢cg,E* /2. (14.5)

bynan KeneMIiK THIFBI3JIBIK JJIEKTP OPICIHIH KEPHEYIITiHIH KBaJapaThlHA Typa
MPOMOPIMOHAI eKeHl MblFabl. (14.5) KaTbIHAC OpIC KEpHEYIIrl E *oHE SHEPrus Thl-
FBI3ABIFBl @ HYKTEIIEH HYKTEre O3repeTiH OIPTeKTI eMec Ke3 KeJIreH epic YIIH

- -
OPBIHJIBI OOJIBITT Kajia 0epei. M3oTponThl qusiaekTpukTepae E jkoHe D BEKTOpIaphl-
HBIH OarbITTaphl coiikec kenedi. COHIBIKTAH YHEPTHUS THIFBI3ABIFBI YIIIH (OPMYyIaHbI
ObL1ail 6epyre 6onaabl:

- > E E+ P -2 - >
a):ED/Zz%: %0+EP/2 (14.6)

5

BipiHiI KOCBIHABI Bakyymaarbl E epic SHEPrusChbIHBIH ThIFbI3bIFbIHA, all
eKIHIII KOCBIHABI JUAJCKTPUKTI ToJisipjayFa (MoJsipu3alusiiayra) >KyMcajlaThbiH
SHEPrUsiFa COMKeC Kee/l.
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14.3 O3apa ocepJiecylui 3apsiATaAPAbIH YHEPTUSICHI

DReKTp epici KT 3apsATapbIMEH Y3/IKCi3 OalmaHbICKaHABIKTaH, W epic
SHEPTHSACHIH ©3apa dCEePIIeCYI 3apsiITap/IblH SHEPTUSACHI JCT KapacThipyFa OOJaibl.

Bip-0ipinen 7j; KaMILIKTBIKTA, BAKyyM/Ia OPHAJIACKAH €Kl (; )XOHE (; HYKTEJIK 3aps-

Tap YIIiH >KacalbIHFaH KYMBIC:
Aij =Wij -W,.

Erep keHicTikTe N HYKTENIK dpTYypii 3apsan 0osca, oHJa KYHEHIH TOMBIK IO-
TEHIUANIbI YHEPTHSACHI KYHere KipeTiH OaplbIK 3apsaTap *KYObIHBIH €3apa dHEprus-
JapbIHBIH KOCBIHIBICHIHA T€H 0OJabl:

1 N 1 N
i i

MyHAaFbl 1/2 keOelTKil OapibIK i *oHe j OoiibiHIIA 1-meH N - re geiiH Koc-
KaHJ1a opOip acepiiecy €Ki PET eCKEePUICTIHIH KOPCETE/Il.

HyxTrenik 3apsaTapiblH e3apa dcepiieCy SHEpPIrUsChIHBIH OpHETIH MaiiianaHa
OTBIPBII, THIHBIIITHIKTAFbl 3aPSATAP KYHECIHIH Tere-TeHIIrH (OPHBIKTBUIBIFBIH) Ca-
panrtay KaxeT. Exi HYKTeNiK 3apsij ®KYHECIHIH Tene-TeHIIKTI CaKTall aJIMalThIHIBIFbI
(OpHBIKCBI3 €KeHIr) Oenruil. Op arrac 3apgarap Tyicin OeiTapanTanraHila TapThl-
JaJbl, aJl aTTac 3apsATap MIEKCI3AIKKe JeiiH Oip-OipineH Tebineni. Ke3 kenrex xyiie-
HIH Temne-TeHAIKTe TYPY (OPHBIKTBUIBIK) IIApThl OJapJbIH MOTEHIIUAIBIK SHEPrHUsi-
CBIHBIH MUHUMAaJIbIFbIHAA 001a/ibl. KapacThIpbUIbIIl OTHIPFaH €Ki HYKTEJIK 3apsaaTap
KyHeci yIiH OyJ1 MUHUMYM JKYHe - TOJBIK OY3bIIIFaH/1a FaHA OPBIHIAIAIbI.

15 Japic Ne 15. TypakrTbl TOK

Jlapic mazmyHol: TYPAKThl TOKTBIH CANIATTaMaJIapbl MEH 3aHAbUIBIKTAPHL.
Ilopic makcamul: TYpaKThl TOKTBIH CHUIMATTMAJIaphl MEH €pPEXEJIEePIH OKbIT Yil-

peHy.
15.1 Tok Kylui k9He TOK ThIFbI3AbIFbI

DJIEKTP 3apSATAPbIHBIH O1p OarbITTaFbl PETTEITCH KO3FAJIBICHIH 2/1eKMp mo2bl
Jien aTaiiabl. Erep KapacThIpbUIBIN OTHIPFaH OpTajia 3apsiTalraH OeIIeKTepIiH peT-
TEJTeH KO3FaJIbIChl AJIEKTP OPICIHIH oCepiHEH OTeTiH 0oJica OHJal TOK OTKI3TIIITIK

Torsl fen arananpl. TOK GarbiTl E AJIEKTP OpPICl KEPHEYNITiHIH OaFbITHIMEH COMKEC
keneni. 7ok Kywi aen OIpJiK YakbITTa OTKI3TIIITIH KOJIICHEH KUMachblHaH OTETIH 3a-
PSAI MeJIIEPIMEH OJIIICHETIH CKajsap maManbl aiTaasl. Erep dt yakpiTTa Memepi

dq 3apsix TaceiMananca, OHA TOK KYII TOMEHAETIAeH 00Jabl:

dq
J="1 15.1
. (15.1)
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YaxkpIT OoiibiHIa e3repmeiiTin (I = coNnst) TOKTBI-mypaxmel mox AN aTanbl.
Tox xymrinig enmem O6ipiiri bXK-ne-amnep (A). by enmem 6ipmixk bXOK-neri He-
ri3ri OipmikrepAiH Oipi, o €Ki TOKTHIH ©3apa acepiecyl Heri3iHae KaObLIJaHFaH.

TOKTBIH MaHBI3/BI CHITATTaMaJapbIHBIH Oipi — TOK THIFBI3IBIFBI BEKTOPHI j . Tok TBI-
FBI3/IBIFBI BEKTOPHI TOK OAFBITHIMEH OaFbITTaIFaH )KOHE OHBIH CaH MOHI TOK OaFbIThIHA
nepneHAuKysip dS aymansl apKeuTbl ©TeTiH dI TOK KYIITiHIH OCHI ay/TaHFa KaThIHACHI-
Ha TeH Ooaabl:

j=a (15.2)

MyHAaFrbl dS-dl TOTHI OTETIH ayJaH.
Erep Tok ke3 KereH ayaaH apKbUIbl OTETIH 00sca, OHIa

I =[jdS,

S

- - - N .
MyHAaFbl dS =ndS, n - 6eTke HOpMab OIpJIIK BEKTOP.
BXOK-zie TOK THIFBI3ABIFBIHBIH oymeM Oipiiri: [j]=— . ConbIMeH, OTKi3rimTik
M

TOTHIHBIH, OOJyBIHBIH Ka)KETTI IIapThl — KapacTBIPBUIBINT OTHIPFAH OPTaja EpKiH
AIIEKTP 3apsiIbIH TaChIMANAAYIIBIIAPIbIH (3apsiATaiFrad OeJIEKTEP/IiH) KOHE dIEKTP
epiciHiH 6osysbl. I1.JIpyae anwikramn, ['.JIopeHr qaMbITKaH MeTaagapAblH ©TKI3TIIITI-
THIH KJIACCUKANBIK JJIEKTPOHIBIK TEOPUACHl TIKIPUOENIK KOJIMEH YChIHBUIFaH
AJIEKTP TOTBIHBIH HETi3Ti 3aHAapbiH: OM xoHe [[koynb-JleHI] 3aHaapbiH anyFa MyM-
KiHaiK 6ep/i. Tok ThIFbI3ABIFGI YIIH OM 3aHBIHBIH OPHET1 KeJIeCl Typ/le *Ka3bUIa Ibl:

i=te—E, (15.3)
0

MyHIAFel E JKOHE ] - BEKTOPJIAPBIHBIH OarbITTapbl Oipacit OOJFaHIbIKTaH,
COHFbI OPHEKTI MbIHA TYPJIE JkKa3yFa 00JIaIbl:

i-le-E. (15.4)

J:

Q|-

ToK THIFBI3ABIFBIHBIH JKBUTYJBIK KyaThl YiniH J[)oyiab-JIeHI] 3aHbpl MbIHA Typre
Keneml:
1
w=—E"=)E?. (15.5)
yo,
by epHekTepaeri y- menwikmi snekmp emkizeiuimiei, OFaH Kepl 1ama, SFHU

p = — -emKizeiwmiy meHwikmi keoepeici nen atanaabl. (15.3) xxone (15.5) epHexTep-
Y

neH Om xoHe J[KOyIh 3aHIapBIHBIH MHTETPATBIK TYPJIepiHE OTyTe O0TaIbl.
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15.2 Tapmakraaran Tiz0ekTepre apuaaran Kupxrod epexenepi

Kypneni, TapmMakranFan Ti30eKTep/eri TOKThI ecenrey yuriH Kupxrog exi epe-
xKe YCbiHAbl. TapmakTanrad Tiz0ek yuriH KupxrodTeiH OipiHmn epexkeci: TYHiHIE
(YIITeH KeM eMec oTri3rimTep TYHICeTiH HYKTe/e) TYHICKEH TOK KYIITEpiHiH aireo-
paJIbIK KOCBIHABICH Houre TeH Oonazabl. LIapTTel Typae TyiiiHre OarbITTaaFaH TOKTap
- OH, OJIaH IIBIKKAH - TEPIC e aibiHaAbl. TypaKThl TOK Ti30€TiHAET! TYWIHIE 3apsi-
TapblH JKUHATYbl HEMECe a3alobl MYMKIH €MeC JIeTeH KOPBITBIHIbIFA KeJleMi3
Kupxrodteix OipiHII epexeciHiH opHeri ObluIai 001abl:

> 1,=0, (15.6)
i=1

MYHJAFbI N - TYWIH]I€ TOFBICATBIH TOK CaHBI.

15.1 - cyperte kepceruireH A TyiiHi yuriH (15.6) epexe Obuiaii xa3buiaibl:

L=+ 13-1;+15=0.

KupxrodTeiH ekiHII epexxeci TYHBIK Ti30eKKe KOJIaHbUIaAbl Aa, 01 OblIail ai-
TBUTQIBL: AJIEKTP TI30€TiHIH Ke3 KeJTreH TYMBIK KOHTYPBIHJIaFbl TOK KYIIII MEH Keaep-
TiHIH KeOSUTIHAIEPiHIH anreOpaablK KOCBHIHJBICHI OChl KOHTYPAAFbl AJICKTPKO3Fay-
IIbI KYIITEP/IIH areOpasIblK KOCBIHABICHIHA TEH;:

1R =Y, (15.7)
i-1 iml

MYHJIAFbI N - KOHTYPJaFrbl TI30€K OOTIKTEPIHIH CaHBI.

15.1 cyper - Ty#liHaer1 TOKTapIbIH OaFbIThI 15.2 cyper - KupxrodThiH eximmi epe-

YKECIH KOJIJIaHy

by epexeHi KoyijaHFaH Ke3/1€ KOHTYPAAFbl TOKTHIH OH OaFbITBHIH TaHIAN aily
Kepek. TOKThIH OarbIThl TaHJAMFaH OarbITIICH COMKeC Kelice, OH JeMN albIHAJbI.
DNeKTPKO3FayIIbl KYIIiHIH OaFbIThl J]Ja TOKTHIH OH OarbITBIMEH COWKECTCHIIpLISII.
KupxrodteiH exiHiii epexecine Mpican peTinae, 15.2 - cyperreri Ti30eKTi KapacTbl-
paiibiK. KoHTYp TYHBIK jk0HE yiI OemKkTeH Typanbl. KOHTypaarsl TOKTBHIH OH Oarbi-
THIH caFaT TUIl OarbIThIMEH Colikec TaHAan ajnaibiK. OHma (15.7) epHEKke coiikec Ke-
JIecl TeHJIeY OPBIH/IbI 00JI1a b

LR, +1,R, —I,R, =¢, +¢&, —&,.
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15.3 T'azpapabIH 3J1eKTPOTKI3rilTIri

['a3;mel opTaja KanmbINThI KaFAalga epKiH 3apsarap OOJIMaiIbpl, OpTa AJIEKTP
TOTBIH ©TKI30€ii/1l, OHBIH MOJIEKyJanaphl JEKTpik Oeirapan. ['a3 MonekynamapbiH
noHaaca (MbICaJIbl, PEHTIEH COYJICIIEPIMEH), OHJIa Ta3faH dJEKTP TOThI 6Tyl MYMKiH.
by mporiece ra3 paspsiibl Ien atanajbl, all CHIPTKBI MOHAAYIIBI 9CEpPiHEH OOJFaH
pasps e31iK eMec pa3psl e aTayiabl. Tok Kymi | oparrac 3apsaTaiFaH dJIEKTPOI-
Tap apaceiHAarel U kepHeyre OaiinmansicThI (15.3 cyper).

I bacramnkpiga o1 Ty3y CHI3BIKTHI 3aHIBLIBIKIICH

Iy e3repesii J1e, OChl OOIIKTET1 TOK THIFBI3IBIFBI Kellecl
3, Y OPHEKITCH aHBIKTAJIa/Ibl:
1
: j=qn,(u, +u )E, (15.8)
U WU
MYHJIaFbI  — 3JIEMEHTap 3apsi;
15.3 cyper - O3111k emec OTKI3- n, — MOHJAp KYOBIHBIH KOHIICHTPAIHSICHI;
TIIITIKTIH BOJIBT-aMIICPIIiK CH- U, )KOHE U_ — OH OHE TepiC MOHAAPBIH KO3-
faTTaMacel FAIIFBIIITHIFB  (O1pJIIK KEPHEYJIIKTET1 HOHIAPIbIH
JKBLIIAM/IBIFbI );

E—snexktpoaTap apachlHIaFkl 3JIEKTP OPICIHIH KEPHEYJIITI.
(15.8) epuekreri y = qno(U+ + U.)-TypakTsl K03durment. Conmapikran (15.8)
epHeri OM 3aHbl OOJIBITI TAOBLUIA B, SIFHU

j=yE,

MYHJIaFbI y -Ta31apbIH MEHIIIKT1 3JIEKTP ©TKI3T1IITITI.
15.3-cyperreri rpaduKTeH KepiHIN TypraHiaai, U apTKaH cailbiH | TOKTBIH
ecyl Oastynaiabl 1a, kepHey U, IaMachlHa KETKEHE TOK KaHbIFaabl. by Oipiik ya-

KBIT 1IIHIE CHIPTKBI dcepiiepiH cebeOineH naiina 6oaran 6apibik N, noHAap KYOBI
ANEKTPOTApFa KETETiHIH KopceTeni. COHNIBIKTaH KaHBIFY TOTBI:

|,§: qNo, (159)

Srau onbiH mamacel N, MOHJ@y MHTEHCUBTITHE Toyenai. Jlemek, o371k eMec
ra3 paspsbl, HOHJAy 9Cepi TOKTaFaH Ke3/ie coHei. Erep ChIpTKBI ocep TOKTaraH Ke3-
Jie J1e ra3 pa3psibl )Kype Oepce, oHaa Oy Mporece 311K ra3 paspsabl e aTanaaibl.
Omnebl Tepic 3apsaTanFaH 37ekTpoa — K kaTom OCTiHEH JKEKEJICTeH JICKTPOHIAp IbIH
BIPIIBIN MIBIFYBI APKBUIBI TYCIHAIpYTE O601ambl (15.4 cyper).

DReKTpoATap apachIHIAFBl AJIEKTP Opici KYIMTI OOJFaH Ke3[e AJICKTPOHIAP
KBUTAMIBIFBI )KOFAPBUIANIBI 12 0JIap Ta3 aTOMJIAPhIH HOH AT
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ATtomHaH OocaraH 3JE€KTpOH Oac-
TaIKpl JIEKTPOHMEH Oipre A 3JIeKTpoaKa
(aHoAKa) Kapall YMTBUIBIN, YIETUIIN
eKIHII peTTI MOHAAYAbl Ky3ere achlpa-
nel. [laiima Oonran 3yeKTpoHAAp YaeH
KO3Falajbl *KoHE T.C.C. SIFHHU, 3JIEKTPOH-
Jap CaHbI JKENe OCe/Il. 15.4 - cy-
peTke Kapacak, K smektponasl OeTiHEeH
YIIBIT IIBIFATBIH JIEKTpOHIAp caHbl N,
6omceiH. Katoaran X KamibIKTHIKTa OpHAa-
nackaH dX kabaThIHA JICHIH YIIBIIT XKeTe-

15.4 cyper - Monn3aTop KeMeriMeH
©3/11K Ta3 pa3psabiH OakblIay CyI10achl

TiH A5eKTpoHaap canbl N>No.
Onpa dX KabaThIHIAFbI SJICKTPOH CaHBbI:

dN = aNdx, (15.10)

MYHJaFbl a—[IPONOPUUOHANIBIK KOADPUIIUEHTI.
AWHBIMaIbUIAPIbl QXKbIPATHII, MHTErPATJaFaHHAH KEH1H alaTbIHbIMbI3:

IhN=aX+C, (15.11)

MyHJiarbl C—0acTankpl MIapT OOMBIHIIA aHBIKTAJIAThIH UHTETpalay TYpPaKThbl-
chl. X =0 ke3inge N =N,.

Hemek, C=InN, xoHe (15.11) epHeriH moTeHUUpPJIETEHHEH KEHlH MbIHaFaH
TeH O0JIajbl:

N=N,". (15.12)
Erep snexTpoarap apachIHAaFbl KAalIBIKTHIK | OoJica, oHza

N=N,e“ (15.13)

AFHU, O1p CEeKyH/Ta 3JEKTPOHAAPABIH OChIHAW CaHbl aHOJKA >keTenl. byran coiikec
KEJIEeTIH TOK KYIIi:

I=gN=Nye", (15.14)
MYHJIaFbl (—3JIEKTPOH 3apsiibl.
(15.9) bopmynara colikec N, = | _—KaHBIFy TOTBI €KCHIH eckepcek, (15.14) ep-
HEKTI KeJecl Typ/e ka3yFa 00abl:
| =1_¢e* (15.15)
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(15.15) epHekTeH o3/irineH OOIAaThIH ra3 pa3psAAbl Ke3iHae Tok €' ece oceTiHin
Kepyre 00Jajpbl.

Tox oHmaraH MBIH ece ocel, OyJI TOKThI COKKBUTBI MOHIAY HOTHKECIH/IC Tai/1a
OOJFaH JIEKTPOHAAP aPKBLIBI YCTal TypyFa 060maapl. OChIIaH Ta3ablH dJIEMEHTap Ko-
JIEMIHJET1 AJIEKTPOHAAPIBIH KOPBITKBI 3apsiibl OH MOHIAPABIH KOPBITKBI 3apsiabIHA
TeH OOJFaH Ke3/e ra3 NOHJay KYWiHIH €H JKOFapFbl AopeKeciHe kereni. MyHai ras
ra3paspsaThIK MIa3Ma fen araianbl. JKorapbiga KeATIpUIreH o3/1K KOHE O3/1K eMec
ra3 paspsaTapbl MpakTUKaaa KeH KOJIAHBIC TanThl. MBICANBI, Oap OpTYpi JKaphIK-
TaHJIBIPFBIIIITAP MEH OJIIIETII KypasaapIbIH HeT131 OOJIbIN TaObLIa IbI.
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