3. HECObFCTBEHHBIE UHTEI PAJIBI

3.1. HecoOcTBennblii maTerpaJ nepsoro poaa. Kpurepuii Kommn cxopumoctu

HecoOCTBeHHOIr0 uHTerpaJia. Ilpocreiiiumne npu3HaAKM CXOAUMOCTH

[Tycth pyHKIMs f(x) onpenenieHa Ha [a,00) U MHTErpupyeMa Ha JitroooM [a,R].
(00)

CumBon fa f (x)dx Ha3bIBaeTCsI HECOOCTBEHHBIM MHTETPAJIOM MEPBOTO PoO/JIa.

HMHTErpan CXoquTcs, €Ciau CyIIECTBYET KOHEYHBIM MPEAe

+00 R
J f(x)dx =le)rfwff(x)dx.

B npoTUBHOM cillydae OH Ha3bIBACTCS PACXOMSIIAMCH.
a

R—>—o00

_Joof(x)dx: lim Rff(x)dx.

Ecnu f(x) onpesieniena u MHTErpupyemMa Ha JitoOOM [a,b] ¥ CyIIeCTBYIOT MHTETPaJIbI

f+oof(x) dx, [ f(x)dx, 1o Benuuuna f+oof(x) dx + [ f(x)dx ue 3aBucur ot
c > J—o00 ’ C —00

BEIOOpa c. [IpH BHIMIOTHEHUH STHX YCIOBUH OMPENESAETCS HHTErPall

Tof(x)dx = Tof(x)dx -+ ff(x)dx,

1€ ¢ HCKOTOPOC YHCIIO.
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Teopema (Kpurepuii Komn). 151 cxonumoctu HHTerpana f f (x)dx HEOOXOAMMO

¥ Z0CTaTo4HO, 4T00bI Ve>0 IM: VR',R"">M: | f , f(x)dx|<e.
Teopema 1. Eciin 0 < f(x) < g(x), TO
fa+°° g(x)dx cxoqurcsa = cXonuTCs fa+°° f(x)dx

fa+°° f(x)dx pacxomurcss = pacXoaUTCs fa+°° g(x)dx.
CaencrBue 1. Eciu f(x) > 0, g(x)= 0 u f(x) = O(g(x)), x—x, TO
fa+oo g(x)dx cxonurcst = cXonuTcs f;oo f(x)dx

fa+oo f (x)dx pacxomuTcs => pacXoquTCs f;oo g(x)dx.

CaencrBue 2 (IlpenensHblii npusHak cpaBHeHus). Ecnu f(x)> 0, g(x)> 0, hrll %

k, TO

+00 +00
1) ecnn 0 < k < +o0, T0 moBesienue unterpanos [ f(x)dx, [~ g(x)dx B cmbIcie
CXOIMMOCTH SKBHBAJIEHTHO.

2) eciu k= 0, TO CXOIUMOCTB f;oo g(x)dx = cxomuMocThb fa+oo f(x)dx.

3) eciu k = 00, TO PACXOAUMOCTh f;oo g(x)dx = pacxoquMocTh fa+o° f(x)dx.
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Cc
Teopema 2. Eciiu 0 < f(x)< —p QIS BCEX X, O0<a<x<too,tme c>0,p>1,
+o00
TO UHTETpall fa f(x)dx cxomurcsi.
Cc
Eciu f(x)zx—p max,0<a<x<too,rme ¢c>0,p<1 ,T0 uHTErpanN

J a+oo f(x)dx pacxomures.

Teopema 3 ( Bropoli nipenenbHblil pu3HaK cpaBHEHUs ). Eciin cyiecTByer

1iI_|1_1 f()xP =k, (0<k<+4w,0<a),To0
X—100

npu p > 1 u"TErpan fa+oo f (x)dx cxogurcs,
npu p < 1 uaTErpal fa+oo f (x)dx pacxonurcs.
IIpu k=0 u p > | unTerpan fa+oo f(x)dx cxomurcs, nipu k= +oo, p < 1

HUHTETpal fa+oo f(x)dx pacxomgurcs.
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3.2. HecoOcTBeHHBIN HHTErpaj BTOporo poaa. Kpurepuit Komm cxonumoctu
HeCOOCTBEHHOr0 uHTerpaJja. lipocrenmme npu3sHaAKM CXOAUMOCTH
[Iycte pyHkums f(x) onpeneneHa Ha [a,b) u UHTErpupyeMa Ha JroooM [a,b-g], He

b
OrpaHUYCHA B OKPECTHOCTU TOYKHU b. CUMBOI fa f(x)dx nHazpiBaeTCA

HECOOCTBEHHBIM MHTETPAJIOM BTOPOro posa. Murerpain cxogurcs, ecinu
CYLLIECTBYET KOHEUHBIN IPEIEIT

J f(x)dx = 11m f f(x)dx.

e—0+0
Ecnu ToT npeien CymecTByeT, TO MHTErpaJl Ha3bIBACTCS CXOIAIINMCS, UHAYE
pacxomsuMcsi. B paccMarpuBaemoM cirydae, ToBOpAT 00 OCOOEHHOCTH B TOUKE

D.

E—-0+0
a+t+e

b b
ff(x)dx= lim ff(x)dx.
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ITycth f(x) onpeneneHa Ha [a,c)U (¢,b] , uHTErpUpyeMa Ha JI00bIX [a,c-€] U

b
[cte,b] , HE orpaHUYEHa B OKPECTHOCTH TOYKHU ¢. CHUMBOII fa f(x)dx
Ha3bIBACTCSI HECOOCTBEHHBIM MHTErPajioM BTOpOro poja. MHTerpan cxogurcs,

b
€CJIU CXOATCS 00a MHTErpaja fac f(x)dx, fC f(x)dx. B aTOM ciiydae nonararor

ff(x)dx=ff(x)dx+ ff(x)dx.

B CJIydac pacxoanuMoOCTH OJHOI'O HUJIA 000X HHTCTPAJIOB, HHTCT'PAJI
HA3bIBACTCA PACXOAALINUMCH.

" b
Teopema (Kputepuii Komm). I cxoquMocTy MHTErpasa fa f(x)dx c
OCOOCHHOCTBIO B TOUKE b, HEOOXOAUMO M JIOCTAaTOYHO, YTOOBI Ve >0 3 0 > 0:

Vx' ', b -8 <x',x" <b:| [, f(x)dx|<e.
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Teopema 1. Eciiu 0 < f(x) < g(x) , TO
f; g (x)dx cxoauTcst => cXOaUTCS f: f()dx

f; f (x)dx pacxomurcs => pacxomurcs f(f g(x)dx.
CaencrBue 1. Eciu f(x) > 0, g(x)> 0 u f(x) = O(g(x)), x—b, TO
f; g (x)dx cxonurcs = cxonurcs ff f(x)dx
f: f (x)dx pacxonurcs = pacxoaurcs f: g(x)dx.
CaencrBue 2 (IIpenensHblii npusHak cpaBHeHus). Ecinu f(x)> 0, g(x)> 0,
f(x)

xl_l)l_ll_lw% — k, TO

b b
1) ecin 0 < k < +00, TO IOBEJICHHE MHTEIPAJIOB fa f(x)dx, fa g(x)dx B
CMBICJIE CXOAMMOCTH SKBHBAJIEHTHO.

2) eciiut k=0, TO CXOAUMOCTb f: g(x)dx = cxonuMocCTh f: f(x)dx.

3) ecnu k = 00, TO PaCXOAMMOCTh f: g (x)dx = pacxogumocTh f: f(x)dx.
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Teopema 2. Eciu 7¢>0Fp <1 Vx, x€/a,b): 0 <f(x)<

(b— x)p, , TO

UHTETpall f f (x)dx cxonurcsi.
Ecnmu F¢>0Fp=>1 Vx, xelfab): f(x)_

PaCXOIUTCHI.

Teopema 3 ( Bropoli nipenenbHblil pu3HaK cpaBHEHUs ). Eciin cyiectByer
“T f)(b—x)P =k, (0<k<+wm), 10

X— 100

)p , TO UHTErpall f; f(x)dx

npu p < 1 u"TErpan f: f (x)dx cxonurcs,

pu p > 1 uHTErpan f; f (x)dx pacxonurcsi.

IIpu k=0 u p < 1 unTerpan f; f (x)dx cxomutcs, nipu k = +oo, p > 1 uHTErpan
f: f (x)dx pacxomurcs.
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3.3. AOGCOJIIOTHASL M YCJIOBHASA CXOAMMOCTDH HeCOOCTBEHHOI0 HHTErpaJia.
IIpu3Haku cpaBHeHMsI.

Onpenenenne. HecoOCTBEHHBIM MHTETpa f;oo f)dx ( ff f (x)dx) Ha3biBaeTcs

b
a0COJIFOTHO CXOASIIMMCS, €CJIM CXOAMTCS MHTErpal fa+oo |f () |dx ( fa |f (x)|dx).

Kpumepuii Kowu abcontomrou cxooumocmu — chopmynuposanms camocmosimebHo.
Teopema. AOCONIOTHO CXOIAIIMICS UHTETPAJl CXOAUTCS.

Onpenenenne. HecoOCTBEHHBIM UHTETpa f;oo f(x)dx ( f; f (x)dx) HazpIBaroTCS

b
YCIIOBHO CXOJISIIIUMCS, €CIIH f;oo fx)dx ( fa f(x)dx) cxomutcs, a UHTErpall

f;oo |f(x)|dx (f; |f(x)|dx) pacxomures.

Teopema (IIpusnak Aodessi-Ilupuxiie). [Tycts f 1 g onpenenensl Ha [a, ).

1) f(x) HEnpepbIBHA U MMEET OrPAHUYCHHYIO MIEPBOOOpasHyIo: | [ : f(x)dx |< K, nns
VA>a,;

2) g(x) MmoHOTOHHA M cTpemuTcs K 0 pu x—>0,

TOIJIa fJOO f(x)g(x)dx cxonurcs.
[Ipumep
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3.4. [n1aBHOE 3HAYEeHHE HECOOCTBEHHOI0 MHTErpaJia
[Tycts f(x) onpenenena u uHTerpupyema Ha JiroooM [a,b]. [ maBHBIM 3HaUEHHEM
uHTerpana no Komm HaBI)IBaeTCH BEJINYMHA

V. p. ]f(x)dx— llm jf(x)dx

Teopema. Eciu cymectByer f f (x)dx, To

V. p. jf(x)dx— j f(x)dx.

[Tycth f(x) onpenenena Ha [a, c)u (c,b] , uHTETpUpYEMa HA JHOOBIX [a,c-€] u [cte,b],
HE OrpaHUYCHA B OKPECTHOCTH TOYKH c. [ TaBHBIM 3HaueHueM nHTerpaia mo Ko
Ha3bIBAETCS npeﬂeﬂ

V. . ff(x)dx— lim ff(x)dx+ Jf(x)dx

ct+e

Teopema. Eciu cymiecTByer fa f(x)dx, To v.p. fa f(x)dx = fa f(x)dx.




