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JlaGoparopHas pa6ota Ne 6
TAMMA-METO/ (METOJ ECTECTBEHHOM
PAJMOAKTHUBHOCTHN)

6.1. Ilens paboTHI

Lenpto maHHO#M pabOTHI SBIAETCS O3HAKOMIICHHE C (PU3UYECKUMHU OCHOBAMHU
raMMma-MeTo/ia, PUHIUIIOM H3MEPEHHs T'aMMa-aKTUBHOCTU U OCHOBaMH HHTEpIIpe-
Tallly JUarpaMM METOJa €CTECTBEHHOW paJuOaKTUBHOCTH.

6.2. dusnyeckre OCHOBLI METOIA

PannoakTHBHOCTh TOPHBIX TOPOJA OOYCIIOBJIEHA, TJIaBHBIM 00pa3oM, U30TOMa-
mu cemeiictaa ypana U™ u Topust Th™?, a taroke pammoaxtisHoro msoromna K*.

KonuyectBo aTomMoB pagnoaktuBHOro n3orona N u ero akTuBHOCTH A yObIBa-
FOT BO BPEMEHHM MO 3aKOHY N=N0e'“, rae Np 1 N — HadalibHOE KOJMYECTBO paIMOaAK-
THUBHBIX U30TOTOB M MX KOJMYECTBO MOCJIEC UCTEUYCHUs] BpeMeHu T, A — MmocTosiHHas
pacnaga. Bpems XW3HM paMOaKTHBHBIX HM30TONOB OLEHUBAETCA MEPUOAOM IOJY-
pacnaga (Typ), BpeMeHEM, B TE€YEHHE KOTOPOTO pacnagacTcsl MOJIOBHHA aTOMOB.
Mexnay nepuoioM noJiypaciajia 1 NOCTOSHHOM pacrajia CyIIeCTBYET 3aBUCUMOCTb:

T1/2:0,693/7L.

[Ipu reodusmyeckux HCCICTOBAHMUIX [JIi OIEHKH WHTEHCUBHOCTH TamMa-
M3JIy4YEHUs TIOPOJ MPUMEHSETCA €IUHUIIA TaMMa->KBUBAJICHT paaus Ha 1 T mopoasl
(r-skB Ra/r). Takas eguHuIla COOTBETCTBYET KOHILIECHTPAIMHM PATUOAKTHUBHBIX 3JIe-
MEHTOB B TOPHOU NOPOJIE€, IPU KOTOPOU BOZHUKAIOT TaMMa-U3JIyYEHUs TAKOU KE WH-
TEHCUBHOCTH, KaK W MpH pacnajae 1 r paaus, MOMEIICHHOTO B IJIATUHOBBIA (PUILTP
TonmuHoM 0,5 MM.

YacTo Takke UCMONb3YIOTCS €AUMHUIIbI, OCHOBaHHbIE HA 3P (eKTe BO3AEHCTBUS
Ha oOnydaeMmyro cpefy. B kadecTBe Takoil €IWHUIIBI MPUMEHSIETCS /1032 00TydeHUSI.
Jlo3a 00dyyeHus: — 3TO KOJIMYECTBO Y-KBAHTOB WJIM PEHTIE€HOBCKUX JIy4eil, MOrJo-
IIEHHBIX 00JydyaeMbIM 00BeKTOM. EnuHuIEH 10361 00IyueHus ciaykuT peHTreH (P).
OauH peHTreH COOTBETCTBYET IMOIVIOUIEHUIO TAKOTO KOJMYECTBA PEHTIEHOBCKOIO
M TaMMa-H3/Iy4eHHUs, KOTOPOE PHBOIUT K 0OPa30oBaHMIO B 1 cM® CyXOro Bo3myxa
MIpU TEMIIEPATYPE 0°C u maBiennn 760 MM PTYTHOTO CTO0JI0A MOHOB, HECYIIMX OAHY
ANEKTPOCTATUUYECKYIO eauHuny (2,083: 10° map monos). Jlo3a O0JTyueHUs B €UHUILY
BPEMEHU SIBJISIETCSI MOIIIHOCTBIO J103bl 00JydeHus. B kauecTBe Takoil CIyUT pPEHT-
red B yac (P/4). Jluarpammbr raMmma-mMeTo/1a OOBIYHO TPATYUPYIOTCS B MUKPOPEHTTe-
Hax B yac. JlaHHas eMHUIIA UMEHYETCS B TPaKTUKE raMMoi ().



6.3. Anmaparypa ¥ TEXHUKA U3MEPECHUS

HSMGpCHI/IG raMma-akKTUBHOCTH IIOPOJ IIPOU3BOIHUTCA CKBAKHMHHBIM HpI/I60-
pPOM, B KOTOPOM B Ka4CCTBEC MHAMKATOPOB HMCIIOJB3YIOTCA Ia3opaspAaAHbIC CUCTUUKHU

(cuetunku ['elirepa-Mrosiepa) WM CHUHTUIUIIITMOHHBIE (puc. 6.1, 6.2).
2 3 4 5 6

Puc. 6.1. IIpunnunuaneHas cxema CHUUHTHIIIHUOHHOTO CYETUYHKA
1 — ciuaTHILIATOP (JFoMHHO(OP); 2 — oTpakaTelb; 3 — DDY; 4 — porokaroxd; 5 — GOKyCHPYIOLTHIA
JMOJT; 6 — TUHOBI; 7 — COOUpArOIIHIA AIIEKTPO/ (aHOM); 8 — JCIUTEIb HAPSIKCHHH.

B nHacrosmiee BpeMs yaiie BCEro MpUMEHSIETCS CKBaXUHHAS amnmapaTypa TUIa
JPCT, koTopas 1mo3BojsieT IOMUMO KPUBOM raMMa-METO/a 3alUChIBATh MMOKa3aHUs
elle 0JJHOTO KaKoro-1nbo pajnoakTuBHOro Merona. Ilomydyaemas kpuBasi XapakTepu-
3yeT U3MEHEHHUE PaJUOaKTUBHOCTU MO pa3pe3y. OnucaHue NpUHLIKINA JEHCTBUS al-
napatypsl JIPCT npuBoautcs B nabopatopHoii padbote Ne 7.

c

12 3 o 4 ) -
- '——-
2 / / / Q ; K younumen
/ + || =

HT

|

Puc. 6.2. [IpuHnmnuanpHas cxeMa yCTpONCTBa 1 BKITIOYEHHS Ta30pa3psiIHbIX CUETYUKOB
1 — cTexNSAHHBIN OaIOH; 2 — METAUTMYECKUA [UJIHHIP WM METAJUIMYECKOE TMOKPHITHE (KaToxd); 3 — HUTh
(anom); 4 — KOHTAKTHI U U30JATOPHI. C — eMKOCTh; R — conporusnenue; U'T — HCTOUHUK MOCTOSTHHOTO TOKA.

6.4. HHTCDHDGT&HI/IH AuarpaMm raMma-mMeroga

PeanbHbie KpuBBIE TaMMa-METOJa aCUMMETPHUYHBI. [10101IBa TIITaCTa BHICOKOM
PaJIMOAKTUBHOCTH OTMEYAETCS IO HA4dally BO3PACTaHUs TMOKAa3aHWUM, KPOBISI — IO
Hayay craja.

Jlnst 6oJiee TOYHOTO HAXOXKICHUS TPAHUI] TIacTa CAeAyeT BHAYaJIe ONpPeIeIUuTh
(OUKTUBHYIO MOIIIHOCTH IJIACTA — PACCTOSIHUE MEXKIY TOYKAaMU Ha KPUBOM, PAcIoIo-
KEHHBIMU Ha TIOJIOBUHE aMILUIUTYAbl aHoManuu (puc. 6.3). VIcTuHHAsT MOIIHOCTH

ompenensieTcs Mo (UKTUBHOM C MPUMEHEHHUEM COOTBETCTBYIOIIEH MaJeTKu (pHC.
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6.48). Ilo WCTHHHOM MOIIHOCTH IuIacTa, ucnoyb3ys naiaetky Z=f(h), (puc. 6.40)
HaxOoJUTCsA Z, BEIMYUHY KOTOPOW OTKJIAJIBIBAIOT BHU3 OT TOYKH, PACIIOIOKEHHON Ha
MIOJIOBMHE aHOMAJIMH B HMKHEH YacTH IJIacTa, U MOIyYaroT TaKuM 00pa3oM MoJIokKe-
HUE TOJOMmBHI miacta. Ha paccrosaun h oT momgomBel OyeT HaXOAHUTHCS KpPOBJIS
macta (puc. 6.3).

ALz5 6 mkF, u—-l
y /4

- 1=2,5m =

I
I
I
I
I
I
. O |
I
I
[

&= B

Puc. 6.3. [IpumepHast popma aHomanmu Ha auarpamme I'M MpoTHB TUTacTa MOBBIMIEHHON PaIi0aKTUBHOCTH
(1 — rnuHa; 2 — u3BeCTHSIK (TUIACT MOHMKSHHON PaTiOaKTUBHOCTH))

[Ipn 3anmucu xpuBor I'M B mmactax MaJold MOIIHOCTH MPOUCXOAUT B CHILY
MHEPLHUOHHOCTU ammapaTypbl HEKOTOPOE YMEHBIICHHE aHOMaJHil, KOTOPOE yUYUTHI-
BAaeTCs IyTEM BBEACHHs NONPABOYHOIO KOd(pPuIeHTa v,. Benmuuna v, HaxoauTcs
o nayietke (puc. 6.4a).

3anuchiBaeMasi MHTEHCUBHOCTh TaMMa-U3IIy4YeHHUs CKJIQIbIBACTCS U3 CIEIyIO-
[IMX COCTaBIISIONINX:

Jper =yttt
1€ Jym Jyp, Jyxs Jyy — MHTEHCHBHOCTBH FraMMa-M3JIy4EHHs, COOTBETCTBEHHO, I1J1acTa, Oy-

POBOI0 PacTBOpa, KOJIOHHBI, IEMEHTA.

[Tpu uHTEpHIpeTay KpUBBIX raMMa-MeToAa CIeAyeT UCKIIOUNTh WA y4eCTh
COCTABIISIOILUE Jyp, Jyy, Jyy. DTa OnEpanys OCyIECTBIAETCS NPUBENEHUEM IOKA3aHUI
K €JMHBIM CKBOKMHHBIM YCIIOBUSIM ITyTE€M BBEJICHHUS TIONPABOYHOTO K03 duimenTta

Jyer= Jypery-
Ty HAXOJUTCS IO COOTBETCTBYIOIIMM ITHKETaM.

Jlnst MOIHBIX IractoB ¢ kasepHod (h>3,5 M) m, ompexmensercss mo majeTke
(puc. 6.5). Ha nanHoil manerke mugp KpUBBIX N=(],/0, COOTBETCTBYET OTHOIICHUIO
PaAMOAKTUBHOCTH Tutacta u OypoBoro pactBopa. OOBIYHO OBIBAET CIOXKHO OIICHHUTH
3Ty BeJIMUMHY. B kauecTBe MpuOIMKEHHOT0 MOKHO HCIONIB30BaTh N= J,/ Jyy, TOE Jy
" J,, IOKa3aHHs1 IPOTUB ILIACTA U B YaHE C OypOBBIM PACTBOPOM.
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Puc. 6.4. Kpussie 3aBucumocreii v= f(h) [a], Z=f(h) [6], hy=F(h) [B]. ILIndp KpHBBIX — IPOU3BONBHBIH - VT

IIpu orcyTcTBUM M3MEPEHUN B YaHE J,q MOKHO UCIONB30BATh Jypyin MUHUMAIIb-
HBIC TTOKa3aHMUs B MCCIIEyEeMOM pas3pese, moJarasi, 9To MOpOJbl 3/1eCh HE COAepkKar
PaIMOAKTUBHBIX 3JIEMEHTOB, a MOKa3aHUs OOYCJIOBJICHBI JIMIIb PATUOAKTUBHOCTHIO
OypoBOIo pacTBopa.

Jlist mpuBeieHUS TTOKa3aHUN K HOPMAJILHOMY JHAMETPY C MOMOIIBIO JTAHHOMN
7,4,)

NAJICTKH, CIICAYET HAUTH 77, = ,
n,(d,)
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rae #7,(d;) - mompaBouHbI KOd(pQUIMEHT A (AKTHUECKOTO AMAMETpa CKBAXKUHBI
IPOTUB IIACTa C KaBepHOH; #,(d,) - mompaBoYHbIH KOI(DPUIMEHT 1JIs1 HOMU-
HAJILHOTO TUaMEeTpa CKBaKUHBI ITPH ATOM K€ 3HAYCHHH MIM(ppa KPUBBIX.

7 .;00
0
16 -;;’445
' ?/// g
1T \
] - —
%ﬁ__—--——-—""‘ N
12 /__________.--— )
] )
10
—~—— 10
\ 'y
28 AN~ 08
N
a6 ~—]
\ 24
72
02

0 W 20 30 4 50 dem
Puc. 6.5. 3aBucumoctu n ot d,. ndp kpusbx q,/d,.

Jliig macta ¢ KaBepHOUW MOIIHOCTBIO MEHEE 3,5 M HCIONIb3YIOTCS MANETKU:
puc. 6.6a - Mpu U3MEPEHUU B HEOOCA)KEHHOW CKBAXUHE anmnaparypod JTuaMeTpoM
102 mm; puc. 6.60 - mpu U3MEPEHUN B HEOOCAKEHHOW CKBAaXMHE amlmaparypou Jua-
MeTrpoMm 60 MM; puc. 6.6 - pu U3MEPEHUU B 0OCaKEHHOW TpyOaMH CKBa)KMHE TPU-
6opamu auameTtpom 102 mm.

Hunamerp npudopa 102 mm. Iludp kpussX - J, B r/eM®; B CKOOKaxX yKa3zaH HOMH-
HAJIBHBII JTHaMEeTp CKBaKUHBI O, B MM

B cnyuae, ecnmu HOMUHAJIBHBIA AMAMETP CKBaKUHBI HE COOTBETCTBYET HU OJ-
HOMY U3 MaJIETOYHBIX, 7, HAXOAAT ITyTeM MHTepHnossuuu. s yero cTpoar rpaduk
3aBHCUMOCTHU BEJIWYMHBI 77, OT IMAMETPA CKBAKHMHBI IIPU COOTBETCTBYIOIIEM (DaKTH-
YECKOM JIMAaMETPE CKBOXXUHBI M TNIOTHOCTH OypOBOTO pacTBopa (puc. 6.8).

Ecnu mpuxoauTcs yuYuTHIBaTh BIMSHAE HECKOJIBKHX (DAaKTOPOB, TO 00Imas mo-
IpaBKa HAXOAUTCS CIEIYIOIIUM 00pazoM:

My= Myp Mk Myy-
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Puc. 6.6. [TaneTku s onpeiesieHus MOTNPABKH 7], YIUTHIBAIOLICH BIUSHUE AHaMETpa CKBaXUHBI 0, Ha MO-
kazaaus ['M i cirydast n3MepeHnii B He0OCaKEHHOW CKBaKUHE ¢ anmapaTtypoit auametpom 102 mwm (a) u
60 MM (0).

Mournocts mwactoB N<3,5 M; mudp KpUBbIX — 5, B r/em®

N

20 30 40 50 . dCCM

Puc. 6.7. [lanetka nyis onpeneneHus NONPaBKH #,, YIUTHIBAIOIIEH THaMeTp 00CaXEHHOW TpyOamMu CKBaXKH-
Hel d..
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30

25 1

20 1

150 ZIIJEI 250 300 d W, MM
Puc. 6.8. [Ipumep nocTpoeHus 3aBUCUMOCTH MEXy 7, 1
npu 8,=1,3 r/em® i dy=50 cm

4
0¢
06 / T
i / _
02
. il
20 40 60 80 100 Cry )

Puc. 6.9. 3aBucuMocTb Moka3aHUi raMMa-MeTOa B €IMHHUIIAX OTHOCUTENHHOTO Pa3HOCTHOTO mapamerpa AJ,
OT TTTHHUCTOCTH TOPHBIX mopo C,,

ITocne BBCACHHA BCCX IIOIIPABOK PACCUHHUTBIBACTCA CIAHWHHIIA I[BOI\(JIHOFO pas3-

HOCTHOTO TIapaMeTpa
J -J

m y on'
A, =T
oo = oo

e Jyn Jyony Jyonn — MOKA3aHUSA, IPUBEACHHBIE K CIUHBIM CKBAKMHHBIM YCJIOBHUSAM B

M3y4ae€MOM IIACTE U ONMOPHBIX 1-M U 2-M 1iacTax.
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B kayectse J,,,' HCIIONIB3YIOT CaMble MUHHUMAJIbHBIE TIOKA3aHUS B U3y4aeMOM
paspese; J,o,” - MAaKCHMaJIbHBIE, IPUYPOYECHHBIE K IIJIACTaM IIMH (ApTUJLIMTOB).

ITo paccuntanHbIM 3HaYeHUAM AJ,, HCHONB3Ys IUI1 COOTBETCTBYIOIIMX OTIIO-
keHnit 3aBucumoctb AJ,=f(C,,), HaX0IIT TIUHUCTOCTB TOPHBIX MOPOJ (puUC. 6.9).

6.5. I[opsiiok BHIMOJHEHUS PA0OTHI

1. BeienstoT miacThl, HAXOAT KPOBJIIO, MOJIONIBY IJIACTOB (Tpy0O M TOYHO) U
MOIIHOCTb.

2. OTCUMTHIBAIOT MOKa3aHUs IMPOTUB IUIacTa (B KPOBJE) M MOJCTHIAOIINX
IJIaCT mopojiax. Pa3Huila mokazaHuii COCTaBUT aHOMAJIMIO MPOTUB Iiacta. OTCUETHI
MOKHO MPOU3BOAUTH B JIIOOBIX €AMHUIIAX.

BBoJAT mompaBKy 3a OIpaHUYEHHYIO MOIIHOCTB V,. U, HAXOMAT IO IaJeTKE.
BbIUKCISIIOT TIOKa3aHusl, IPUBEACHHBIC K ITaCTy OeCKOHeYHOM MouHocTH (J,7).

J,°=( 3,1~ Jye)! v,+ Jyg, - IUISL IUTACTOB € BBICOKOH PaMOaKTUBHOCTBIO (J,, > J,,)

1 J,°=,6,-(J,60-J,)/0, - LTS IITACTOB ¢ HU3KOU PAAMOAKTUBHOCTBIO (J,, < Jop),
rae J,, - MoKa3aHus NPOTHUB IJIACTA (C KPOBENBHOW €T0 YaCTH),

J,n - TIOKA3aHHUS BO BMEHIAIONIMX NTOPOJax (HUKE IOJOIIBBI IIACTA).

3. Iloka3zanus J,” IPUBOJAT K CTAHIAPTHBIM CKBAKHHHBIM YCIIOBUSIM
Jyem =( 3,7 1)1+ Jy

rae J,, - BenmuuHa annaparypHoro y-¢ona. Jia anmapatypel tuna JPCT J,,~0,7
MKP/4. O0BI4HO J, 5, yUUTBIBAETCA NIPH KONUPOBAHUYU JHarpaMM, U TOTAA IPHILIIOCO-
BBIBATh J,g HE CIIEYET.
B HeoOcakeHHBIX CKBa)KMHAX BBOJUTCS IOIPaBKa 3a M3MEHEHHUE TUaMeTpa CKBaXKH-
Hbl OTHOCUTEJIbHO HOMHUHAJIBHOTO (yBEJIMYEHUE WJIM yMEHbIIICHHUE) Mo majeTke. Ha
najuerke (,/0, MOXXHO 3aMEHUTH OTHOLIECHUEM J,,,/J,in, THE I, -MUHUMAIIBHBIE TTOKA-
3aHMS B U3y9aEMOM paspese.

[Ipy mpuBeneHUM K CTaHIAPTHBIM CKBAaYXKHHHBIM YCJIOBHSAM (K CTaHIapTHOMY
JMaMeTpy CKBa)KMHBI) JUIsI MOIIHBIX IUIacToB ¢ KaBepHoi (h>3,5 M) mo puc.6.5,
HaxXOJAATCS BHAyaje IONMPaBKH, NMPUBEACHHBIC K HYJICBOMY auamMeTpy (TIpH yBEIH-
YEHHOM WJIM YMEHBIIICHHOM JIHaMETpPe U HOPMAJLHOM JHAMETPE CKBAXKHHBI). 3aTeM
repBasi MOIpaBKa JCIUTCS Ha BTOPYIO M TaKUM 00pa30M HAXOIUTCS IOMpaBKa s
MIPUBEJCHUS K HOMUHAJILHOMY AHaMeTpy. JIJIs T1acToB ¢ KaBEPHOW MOIITHOCTBIO Me-
Hee 3,5 M 77, HaXOJAT, UCHONb3ys puc. 6.6-6.8.

YMeHbIIICHHE IuaMeTpa CKBaXHHBI 32 CYET TJIMHUCTOM KOPKH BHOCHUT HeE-
O0JbIIIOE W3MEHCHHE B MHTEHCHBHOCTH Y-U3JyYCHHS M IMOMpaBka 3a N, 0ObIYHO HE
BBOJUTCS.
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CnenoBasio ObI BBOJIUTH MOMNPABKY 3a AKCLIEHTPUCUTET MPUOOpPa U CKBAKUHBI.
Opnako u3-3a TPYAHOCTH y4yeTa 3TOro (pakTopa, MOIMpaBKa 3a SKCIEHTPUCUTET, KaK
paBuiIO, HE BBOJIUTCS.

B o0cakeHHBIX CKBaKMHAX CJIEAYET BBOAUTH MOMPABKHU 32 BJIMSHUE KOJOHHBI
U [IEMEHTA.

4. HaxoauTcs eqMHMIIA TBOWHOTO Pa3HOCTHOTO IMapamMeTpa 1o popmyiie:

J -]
A ="

e

y on'

I =d o

rae Jyu, Jyony Jyonr - MOKA3aHUSA, IPUBEJCHHBIE K €IMHBIM CKBR)KMHHBIM YCIOBHAM B
M3y4a€MOM IUIACTE U ONOPHBIX 1-M M 2-M 1uiacTax.

5. Ilo 3aBucumoctu AJ,=f(C.,) HaxoaUM IITMHUCTOCTH MOPOJI.

6.6. OTYETHOCTD

Pe3ynpTaThl pabOThI MPEICTABISAIOTCS B BUAE OTYETA, B KOTOPOM KPAaTKO U3Ja-
ratoTcsi PU3NYECKUE OCHOBBI METOJIA, MOPSIIOK BBIOJHEHHSI paOOThl U MOJIyYE€HHBIE
pE3yNbTATHL.

CIIMCOK JIUTEPATYPEI

1. Ans60M majJEeTOK W HOMOTpPaMM Ui HWHTEPHpPETAMH POMBICIOBO-
reopusnyeckux gaHHeix. M., Henpa, 1984. — 201c.

2. Jloopeiaua B.M., Benaensmreiin b.1O., PespanoB P.A., Adpuxsa A.U.
[IpomeicioBas reodusuka. M., Henpa, 1986. — 423 c.

3. JpsxonoB A.U., JleontseB I'.U., Ky3nenor I'.C. O6muii kypc reodusznde-
CKMX MCclieloBaHui ckBaxuH. M., Henpa, 1977, 1984. —432 c.

4. Vatepriperanusi pe3yJabTaTOB reou3NUecKuX MCCIIEeOBaHUNA HEDTSHBIX U
razoBbix ckBaxkuH: CrnpaBounuk / [lox pen. B.M.Jlo6peinuna. M., Henpa,
1988. — 476 c.

5. Urenbepr C.C. UuTepnperanus pe3yiabTaTOB reo(u3MUecKux HCCIeI0Ba-
HUM ckBaXuH. M., Henpa, 1987. — 347 c.

6. JlareimoBa M.I'. IlpakTtuueckoe pyKOBOJCTBO IO HHTEPHpPETALMU M-

rpamMM reor3nIeCKUX METOJIOB HCClenoBaHui ckBakuH. M., Henpa, 1981,
1991. - 218 c.
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JlaGoparopHas pabota Ne7
HEUTPOHHBIA TAMMA-METO/]

7.1. Ilens paboTHI

Lenpro naHHON pabOTHI ABISETCS O3HAKOMIJICHHE C (PU3MYECKMMHU OCHOBAMHU
HEUTPOHHOIO TamMMa-METOJla, MNPUHIUIIAMH HW3MEPEHUs PaJAUallMOHHOTO TamMMa-
U3ITyYEHUS] U UHTEPIPETALNH IharpaMM HeUTpoHHOTo ramma-metona (HI'M).

7.2. Du3nyecKnue OCHOBLI METOIA

B HEWTpOHHBIX METOJAX WCCIEAOBAHMS CKBAXKUH HM3Yy4alOTCS MPOLECCHI, IPO-

HCXOIAINNC B TOPHBIX IIOPOOaX IIOA I[GﬁCTBHCM HGI?ITpOHOB Oll’l I[J'IH IMOJTYy4YCHUA

HEUTPOHOB UCHOJIB3YIOT CTAllMOHAPHBIE (aMITyJIbHBIE) UICTOUYHUKH, MTPEICTABIISIIOIIIE
coboit cMech anbha m3nydarens (06sraHo ~2Po) i muurenn (*Be mwm 'B), ynakosas-
HYIO B TEpPMETHYHO 3alassHHYIO aMITyJy.

O6pazoBaHue HEUTPOHOB MPOUCXOJUT B PE3YJIbTATE PEaKIUN

O Ayy, 12,1 . 1lp 477, 147, 1
4Be+2He— 6C+0n, 5B+2He— 7N+0n.

YV Po+Be — ucrounuka Ty, = 138,3 aHS, BBIXOX 1,9'106 HEUTp./c, PHEPIHs
Heiitponos — 10 10.9 Mas. Po+B —ucrounnk maer Boixon 0.8 *10° meiitp./c mpu nx
SHEPruu J0 5-6 M»aB.

[IoMUMO HMCTOYHUKOB [Jisl TMOJYYEHUS HEUTPOHOB LIMPOKO HCIOJb3YIOTCS
CKBO)XMHHBIC TEHEPATOPbl HEUTPOHOB, KOTOpBIE MPEACTABISIIOT COOOW JHHEIHBIC
YCKOPHUTENN JEUTOHOB (5 H ). HeliTpoHbl BO3HUKAIOT Npu OOMOApAUPOBKE JI€UTOHA-

MU MUIIEHEH, CoAepKaluX AeHTepui, TpUTHI ninu 6epusumii. Hanbonbmumii BeIXoa

HEUTPOHOB (c 3Hepruei 14 M»sB) gaet peakius ;H +§H :gHe+ Oln :

CylHOCTh HEUTPOHHOTO rAMMA-METOAA COCTOUT B MCCIEAOBAHUU MHTECHCHUB-
HOCTH MCKYCCTBEHHOTO TaMMa-TIoJisl, 00pa3yrolerocss B pe3yiabTaTe IMOTJIOIICHUS
(paauanMOHHOrO 3axBaTa) TEIJIOBBIX HEUTPOHOB MOPOAO0OPA3YIOIIMMH 3IIEMEHTa-
MH.

NHTEeHCUBHOCTh raMMa-u3ydeHUsT paMallMOHHOTO 3aXBaTa 3aBUCUT B OCHOB-
HOM OT YHCJIa TCIIOBBIX HEUTPOHOB, MOTJIOIIAEMBIX SIUHUIICH 00beMa TOPHOM IT0-
pOAbI, U JUIUHBI 30HAa. YHCIIO HEUTPOHOB, MOTJIONIIAEMBIX €AUHUIEH 00BbeMa Mopo-
JIbI, TIPOMOPIMOHAIIBHO IIJIOTHOCTU TEIJIOBBIX HEWUTPOHOB, KOTOpas OIpeesseTcs
3aMEeJISIONIMMEU U TIOTJIOMIAIOIIMMY CBOMCTBAMHU MOPOJIbl. 3aMeJISIONIME CBOMCTBA
Cpellbl 3aBUCAT OT BOAOPOIAOCOJECPKAHUS, a MOIJIONIAI0IINE CBOMCTBA — OT BOJAOPO-
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JNOCOJIEPKAHUS U COAEPKAHUS JIEMEHTOB C BBICOKMM CEYEHUEM 3aXBaTa HEUTPOHOB
B OKpYXarolieil cpene (xjiaopa, bopa, KaaMus 4 ap.).

Bonopoaocoaepkanue Bojibl, HEPTH U Ta3a, 3aMOJHAIONIMX TOPHI TOPHBIX MO-
PO/, a TakKe€ MHUHEPAJOB, COJIEPXKAIIUX B CBOEM COCTaBE CBSI3aHHYIO BoAy (THIIC,
TJIMHUCTBIE MUHEpAJbl U T.11.), YAOOHO BBIpaXKaTh uepe3 BoJAOpoaHbI uHAeke (BU)
W, paBHBIN OTHOIICHUIO 00OBEMHOM aTOMHOW KOHIIEHTpAIlMX BOJOPOJIa B KUIKOCTH,
ra3e Wil MUHEpAJIe K €ro KOHLEHTPALMU B IPECHOM BOJIE TP HOPMAJIBHBIX YCIOBHU-
ax. Ty e BeIW4YuHYy Uil TOPHOW IOPOJABI B IIEJOM Ha3bIBAIOT €€ JKBUBAJICHTHOU
BJIAKHOCTBIO.

BonopoaHblii HHAEKC YUCTOTO (HE COMIEpPKAIIEr0 MUHEPAJIbl C XUMUYECKH CBSI-
3aHHOM BOOM) M1acTa

W= K,Wg,,
rae Wy, - BU dmonga.
Wy, = KW, + K w,, + Kw, ;

Ks,K,,K, — cooTBeTCTBEeHHO KO3(PIHUIIMEHTHI BOJ0-, HEPTE- U ra30HACHIIICHNUS;
W, ,W, ,W,— BOJOpPOJHbIE UHIEKCHI BOJIbI, HE)TU U raza.

Paznuuue W, u W,, a Takxke OTJIMYUE UX OT €AMHUIIBI 00BIYHO Mabl. Bomopo-
HBIA WHACKC BOJOHOCHOTO (W,,) 1 HedTeHocHoro turacra (W,,) ¢ JOCTaTOYHOW TOY-
HOCTBIO OTIPEIEIISIETCS COOTHOIIEHUEM W, = W, = K, + K, W,

PaznuyHbie 37€MEHTHI MPU 3aXBaTe OJHOTO TEIIOBOTO HEUTPOHA UCIYCKAIOT
HEOJMHAKOBOE KOJIMYECTBO raMMa-KBAaHTOB. JTO CBOWMCTBO HA3bIBAE€TCSI 3MHUCCUPYIO-
el crnocoOHOCThI0. Tak, MUHUMaIBHON AMUCCUPYIONIEH CTOCOOHOCTHIO 001a1atoT
BOJIOPOJI, KUCJIOPOJ U yriiepoa (okojo 1 ramMma-kBaHTa Ha OJMH 3aXBarT), MaKCH-
ManbHON — Hatpuil u xyop (3.09 u 2.36 ramMa-KBaHTOB Ha OJIMH 3axBar). ['amma-
KBaHThI, 00pa30BaBIIMECs MIPU 3aXBaTE TEIUIOBBIX HEUTPOHOB, PA3JIMYAIOTCS 110 YHEP-
TUU U, COOTBETCTBEHHO, MO MPOHUKAIOIIEH CIIOCOOHOCTH.

[IpucyTcTBHE B MOpPOJE AHOMAJIBHO AaKTUBHBIX IMOTJIOTUTEIEH TEIIOBBIX
HEUTPOHOB (XJI0pa, KaaMUs U Jp.), BHI3BIBAIOIINX KECTKOE TaMMa-u3JIydeHue, Mpu-
BOJUT K NOBBIIIEHHUIO |, TPU IPOYUX PAaBHBIX yCIOBUSIX.

OOBIYHO TPUMEHAIOTCS 3aMHBEPCHOHHBIE 30H/BI C JUIMHOM L,, = 60 cM, korma
MOKa3aHUsi HEUTPOHHOTO TaMMa-MEeTO/1a HaXOIATCA B OOpaTHON 3aBUCHUMOCTHU OT BO-
JIOPOJI0COICPIKAHUSI, OJTU3KON K SKCIIOHEHIIMATBHOM.

B Tex ycnoBusix, Korja nopoBoe MpOCTPAHCTBO FOPHBIX MOPOJI 3AMOJTHEHO MU-
HEpaJIU30BaHHOMN XKUIKOCTHIO, I3BMEHEHHNE UX 00BEMHOT0 BOAOPOAOCOEPKAHUS CO-
MIPOBOKAAETCS OJTHOBPEMEHHBIM U3MEHEHUEM COJIEPKaHMs B MOPOJAX M BOJIOPOJIa U
XJI0pa, 4To oTpakaercs Ha xapaktepe cssasu l,= f(w) (puc. 7.1). Takum obpazom,
nokaszanus HI'M 3aBuUCAT 1 OT BOZOPOAOCOAEPKAHUS, U OT XJIOPOCOAEPKAHUs, MIPU-
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4eM I10-Pa3sHOMY: IIPH MOBBILICHUH BOJOPOAOCOAEPKaHMA BeluduHa |, ymMeHbmaer-
Csl, @ TPU TOBBIIIEHUH XJOPOCOACPKAHHUS — YBEIHMUMUBACTCA. JTO OOCTOATEIHCTBO
CJIeyeT YYUTBIBATh MPU MUHTEPHPETALUU JTAHHBIX

HI'M. 1,,/,ycn.eﬁ.
Pamnyc (rmybunnocTs) uccienoBanus HI'M 250

coctanisieT 20-40 cM, yMEHBIIAETCS C MOBBIIICHU- /\/
€M 00BbEMHOIr0 BOJIOPOJIOCOJIEPKAHUS U COAEpIKa- 16 Pl 85

) ‘\
HUS B TIOPOJAX JIEMEHTOB C aHOMAJIBHO BHICOKUM \\\0 T
CECUCHHEM PpaJUAlMOHHOTO 3aXBaTa TEIUIOBBIX \\
HEUTPOHOB. 12

10 25 30 wk
7.3. CyeTuynKH  MCKYCCTBEHHOro  ramma- Puc. 7.1. Kpussie |, =f(w), monydennsie

Ha MOIECIAX CpE€IAbl B YCJIIOBHAX IIOBBI-

H31yq9CHUA IIEHHOM MUHEpAJIU3allu  I1IJIaCTOBBIX

CdeTunkaMy raMMa-KBaHTOB B alllaparype  BOA.
Iudp KpUBBIX — MUHEpATU3AIHS BOJBI

JAPCT-3 MoryT ObITh ra30paspsHbIC U CUUHTAI- 4 1/ 1o xopy

JIUMOHHBIE. B Hacrosimiee Bpemsi NPUMEHSIOTCS
B OCHOBHOM CLUMHTWJULSLIMOHHBIC NAaTYMKU. ['a30pa3psaHble M CLHUHTHUUIALIMOHHBIE
CUETUMKH MO MPUHIUITY TEUCTBUS TaKUE Ke, KAK B TaMMa-METO/IE.

B HeUTpOH-HEHTPOHHBIX METOJIaX ra3opaspsaHas TpyOKa 3aIllOJIHAETCS ra3zoM
BF3. Ilpu npoxoxneHnn HEUTPOHOB Yepe3 ra3 IPOUCXOIUT AAEpPHAsS PEAKIU:

1 gB+ (gn: 3Li+§He +7.

DHeprus o, 4acTuIl (jHe) pacxoayercsl Ha MOHU3AIMIO U BO30YKJICHHUE aTo-

MoB. B HOHU3HUPOBAHHOM I'a3€ BOZHHUKAIOT JJICKTPUYCCKUC UMITYJIbChI, KOTOPLIC YCH-
JIMBAIOTCA U TOJAArOTCA Ha IIOBCPXHOCTDL JIA PETUCTPALIUNA.
B COUMHTHIJIIIHNOHHBIX CUYCTYHKAX HGﬁTpOH-HGﬁTpOHHBIX MCTOOOB CHHMHTHII-

JIATOPOM ABJIACTCA ITOPOIIOK M3 KPHCTAJUIOB ZnS, aKTHBH3HpOBaHHBIﬁ MEABIO HJIN

cepedpoMm, coaeprKaIuit 1 jQB .

B cumHTHIIISATOpE TPOUCXOANUT BBIICTTPUBECHHAS SI/ICPHAS pEeaKIusl. DHEPTHsI
BO3ZHHMKAIOIINX ¢ YaCTHIl PACXOAYETCS Ha MOHU3AIUIO U BO30YKICHUE aTOMOB CIIHH-
TUJUISITOpA.

Bo30yxneHHBIC aTOMBI, TIEPEX0/IS B HOPMAJILHOE YCTOWYHMBOE COCTOSIHHUE, BHI-
nensitoT ¢hoToHbl cBeTa. DoTOHBI, Monaaas Ha GoTokaTo ] (OTOIIEKTPOHHOTO YMHO-
xutenst @DV, BEIOMBAIOT U3 HETO AJIEKTPOHEI. [locmeqaue u3 3eKTpoa0B (JIMHOOB)
®DY B cBOI0 odYepeb BHIOMBAIOT AJIEKTPOHBI, U BO3HUKAET UMITYJIbCHBIA TOK. [lo-
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npoOHee 0 paboTe CIMHTUIISIIMOHHBIX CUETYUKOB CM. B paboTe Ne6 (ramma-meTon).
Curnan o ka0eiro MoJaeTcsl Ha MOBEPXHOCTH AJIS PETUCTPALIUU.

7.4. Annaparypa HEUTPOHHOI'O raMMa-MeTO1a

Jl1g u3MepeHrss MHTEHCUBHOCTH  SIIEPHBIX U3JIyYE€HUH MOXKET ObITh MCIOJIB30-
BaHa anmnaparypa, TUIIbI KOTOpPO# MpUBOSTCS B Tadmumie 7.1.

Tabmura 7.1
TexHHUYecKue XapaKTepUCTUKH alnapaTypbl paliOaKTUBHOTO KapoTaKa
g & ><
Amnmnapa- Bungb! uccne- g % hlz/[aiif{l; LI:/I;E:; HAnaverp Jmina Macca = % ‘E 06pa6aT1:1—
" = o CueTdnk npubopa, | npubopa, | npubopa, | 2 2 & BAIOLIHI
Typa JIOBaHMH g E TeMIiepa- | JaBJICHUE, M " r ¢ 2 s VLT
g E TYypa, °c MIla =p S § Y
S
JPCT-3 | TKHI'K 2 | CuuHTHI- 120 100 90 35 70 1 HITIPKY
(HHKT) TIAITAOHHBIH
CII-62 I'K, HI'K 2 CU-23I" 200 100 95 3.6 75 1 HITPKY
PK1- I'K.HI'K 2 CU-23T, 200 150 100 3.2 90 1 1P4-111
841 (HHKT) CHM-18-1
T'K, HTK 2 CU-231 230 150 60 4.0 40 1 UIIPKY
P3 I'K, HHK-T| 3 | CumaTHi- 120 80 90 2.9 80 3 TIPKC-1
PKC-2 | (nByx30H- JIILIMOHHBIN
JTOBBII)
I'K, HHK-T| 3 | CuunTHi- 130 100 73 55 102 3 HITPKY
MHK-1 | (nByx30H- JISILIUOHHBIN
JTOBBIH) CHM-56,
CHM-18-1
I'K,ITK 3 | CuuHTHI- 120 60 90 2.6 10 3 TTIPKC-1
PKC-1 (nByX30H- JISIIIMOHHBIA
JTOBBII)
ITK (nByx-| 3 | Cuunrun- 135 80 125 5.3 150 3 UIIPKY
PI'TI-2 | 30HIOBBIIT) JISILIUOHHBIN
MHHK 1 |CHM-18-1 120 60 90 3.1 75 3 «JecHay
WUI'H-4 MHHK, 1 |CHM-18-1 120 60 42 3.4 75 3 «JlecHa»
WUI'H-6 WHI'K
ITK, TK 3 | CounTHa- 120 60 110-136 2.5 85-95 1-3 1P4-111
CIr'T-3 JISIIIMOHHBIA

B nanHoil nabopatopHoil paboTe ONMUCHIBAETCA MPUHIMUI ACUCTBUS anmnapary-
pet IPCT-3.
CkBaxxunHbI 11puoop ammapatypbl JIPCT-3 (puc.7.2) cOCTOUT M3 DIEKTPOH-

HOTO OJIOKa U KOHTEHHEPa ¢ UCTOYHUKOM HEUTPOHOB, TTOMEIICHHBIX B T€PMETUYHBIH
KOXYX 2, 3aKpBITbI CBEPXY CTaHAAPTHOU MpUOOPHOMN rOJIOBKOM (Ha PUCYHKE HE TO-
Ka3aHa) ¥ CHU3Y XBOCTOBUKOM 7. B HIDKHEN 4acTH AJIEKTPOHHOTO OJIOKA pa3MeIIeH
nerexkrop kaHana HI'K, cocrosmuii u3 cuumHTMLISITOpa 5 U (QOTORIEKTPOHHOIO
YMHOXUTENSA 3, MOMEIICHHbIX B CBETOHEMPOHHUIIAEMYIO O0OJIOUKY 4 W MpHKATHIX
Ipyr K Apyry BUHTOM 1. Psgom ¢ mpuOGOpHOM rojIOBKOW MOMEIIEHBI JBa TAKUX Ke
nerekTopa KaHaya 'K, BKIIOUEHHBIX MapayiIeabHo I YBEJIMUYECHHUS! CKOPOCTH CYETA.
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CkBaxxunnsliii npudop JJPCT-3 OyHKIMOHATBHAA cXeMa CKBaXHMHHOTO niprudopa JIPCT-3

Puc. 7.2
XBOCTOBUK 7 3aKaHUMBAETCS MO MOBEPXHOCTH 8 OAMOHETHBIM 3aMKOM ISl TTOJICO-
enuHeHusa K CII xonreitHepa 10 ¢ uctounukom HeuTpoHOB 11. Jlyist 3a1uThl CIIMH-
TUIATOPA OT MPSIMOTO Y-U3JIyUYEHUs TOJTOHUN-0epIIITNEBOTO UICTOYHUKA HEHTPOHOB
¢ motokoM Heiitporos (1+5)-10° ¢! B KOHTeiiHEpe M B XBOCTOBHKE YCTAHOBIICHBI
CBHUHIIOBBIE 3KpaHbl 9 1 6. CHU3y KOHTEMHED 3aKPbIT 3araymKon 12.

OnekrponHas cxema CII nuraercs ot Bempsamutens Y UII-K nocrosuabiM TO-
KOM HamnpspbkenueM 150 B, koTopslil mogaeTcs B Uenu nutanus HakaioB jamn HII u
BBICOKOBOJIBTHOTO McTOouHMKa nuTanust BUII (puc. 7.2). [locneanuii BeipabaThiBacT
noctosiHHoe Hanpspkenue 1500 B mnsa nutanus nenutenein @Y. Gunstp LC1 3a-
nuiaer BUIT ot uHPpOpMalMOHHBIX UMITYJILCHBIX CUTHAJIOB.

B kanane ['K umnynbChl HanpsixKeHusi ¢ BRIXOA0B erektopoB 1 u 12 ycunu-
BarOTCA ycunureneM Y 1, HopMann3syrores nuckpuMuHatopoM AJll mo ammimryne u
JUIMTEIBHOCTH ¥ B BHUJIE€ UMIIYJIbCOB IOJIOKUTEIBHON MOJIIPHOCTH JJIUTEIBHOCTBIO
35 Mkc noparorcs Ha cMmecurens Cm. B kanane HI'K ummnynbscsl ¢ nerekropa /I3 ycu-
JIMBAIOTCS YCUIIUTENIEM Y2, HOPMAIIU3YIOTCA TUCKpUMHUHATOpoM AJ[2 1o amrumaryze,
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[EPECYUTHIBAIOTCA B OTHOLIEHUH 1:2 cueTHbIM Tpurrepom Tpl u chopmupoBaHHbIE
omHOBUOpaTopoM Tp2 B BHIEC UMITYJCOB OTPUIATEIHHONW TOJSIPHOCTH JIATEIHHO-
CTBIO 35 MKC TaKkKe IOCTYIarT Ha cMecuTenb CM. CMecuTenb MPOIyCKAET UMITYJIb-
CBI JIFO0O0M MOJSIPHOCTH MPU UX PA3HOBPEMEHHOM MOCTYIJICHUH U TOJBKO IMOJIOXKH-
TeJIbHbIE UMITYJIbCHI KaHana ['K, eciim 0THOBpEMEHHO MOCTyNaeT ABa pa3HOMOISAPHBIX
HMITyJIbCa. DTO YMEHBIIAET MOTPEIIHOCTh 3MepeHus B kanaiue I'K, ckopocTs cuera B
KOTOpOM MeHbIle, ueM B kaHane HI'K. MakcumanbHas ckopocts cuera B kaHane ['K
— 3.2-10° umn/c, B kanane HI'K BxBoe Bbimme. [Tocie CM UMITY/IbCHI YCHITHBAIOTCS IO
MoIHOCTH ycuiutenaeM YM u depe3 tpancpopmatop T u konaencarop C2 mocty-
natoT B LDKK. B Hazemuom mynsre MITPKY-A notoku pa3zHONOJISPHBIX WMITYJIbCOB
I'K u HI'K pazgendrorcs mo kaHajgam u IpeoOpa3yroTcsl B 3HAUEHUSI TOKOB, MPONOp-
LIHOHAJIbHBIE CKOPOCTH cueTa B KaHanax. Kpusble 3anuceiBatorcs peructparopom OP
KapOTa)KHOU J1a00paTOpUu.

Wsmepurenpnbii nyiaeT UITPKY-A. [IyneT npeanazHadeH i pasfencHus U

npeoOpa3oBaHus B MOCTOSIHHBIA TOK ¥ B IUGPOBON KOJ JJIsi BHIBO/IA HA MAarHUTHBIN
HOCHUTEIb JIO YETHIPEX HE3aBHUCHUMBIX MOTOKOB CTATUCTUYECKHU PACIPEACICHHBIX UM-
MyJIbCOB, PA3JIMYAIONIMXCS MO0 aMIUTUTYJIE U MOJSPHOCTA. MakcuMmanbHasi 4acToTa
CJIeIOBaHUs BXOJHBIX UMITYJILCOB B KaxkaoM moToke 12800 ummn/c. IlynbT coaepxut
CMeHHBIN 050Kk kommyTaruu BK, BMecTo KOTOpOro MOTyT yCTaHaBIMBATHCS CIICIIH-
aJIbHbIE BEIYMCIIUTEIbHBIE YCTPOMUCTBA /JI raMMa-TamMa- Wik MHOro3oH10Boro HK.
Nudopmarmonnsie curHanbl ot CII mocrymator B 650k kontposis biK nHa
Tpancopmarop T2 npu pabore ¢ OAHOXKWIBHBIM WK Ha TpaHcpopmaTtop T1 mpu
paboTe ¢ TPEeX>)KUIbHBIM KabesieM U B TPoTUBO(a3e MOJAI0TCA Ha BXOJIbI YCUITUTEICH
Y1 u Y2 wmn Y3 u Y4 (puc. 7.3). Paboune TOoukM ycuinTenei BBIOpAHBI Tak, YTO

YCUJIH - JIM-
¢ bnK —l[ !
Ten y SR N
] M>—{ 45 }—-52 : l Kr l‘ LY 1:4:‘::‘]_5_’_}"
po- e oo e e  iaies M S myc-
KaroT
f S B
TOJIb- 3 KO
KHU-
TEJIb- JH >— HEIE
(U2HK)®
UM-
r2
MyJb- CHI.
A
ITo- L

Puc. 7.3. ®yHkuunoHansHas cxema u3MepurensHoro mynsra UTTPKY-A
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ATOMY ycuiuTenu Y2 u Y4 yCuiMBaroT UMITYJIbChl, UMEIOIIME Ha BXOJ€ MyJbTa IO-
JIOKUTENBHYIO MOJIIPHOCTh, @ Y1 M Y3 — OTpuUUATENbHYI. YPOBHM CUTHAJIOB Ha
Bxoaax Y1 — V4 perynupytrorcs pesucropamu R1 — R4,

YcuieHHbIe CUTHAJIBI Yepe3 mepexinouarens Sl pexknuMa padoThl OJAIOTCS Ha
BXx0bI 0J10Kk0OB Ik — VK nmpeoOpa3zoBaHus, OAMHAKOBBIX JIJIsI BCEX YEThIpeX MHPOpMa-
IIMOHHBIX TIOTOKOB. B kaxaom Oyioke (Ha puc. 7.3 netanpHO Tokazad 0ok 1Vk) um-
NyJbChI MPOXoJsaT uepe3 cenekrop Cen u 3amyckator onHoBuOpatop Tp. B cocras
Cen BXOAST pPerynarop ypOBHSI CUTHAJIOB, JUCKPUMUHATOP M COOCTBEHHO CENEKTOP.
B ucxognom cocrositnuu Cenl OTKPBIT U Ha €0 BBIXOJ MPOXOJSAT BCE UMITYJIbChI, HA
KOTOpBIE cpabaThIBaeT AUCKPUMHUHATOP. PeXUM CENeKIMH CUTHAJIOB M0 aMIUIUTY/IE
peanu3yeTcsi NMpu OJHOBPEMEHHOM IMPOXOKICHUH HMITYJIbCOB IO JIBYM COCEIHUM
osokam, Harpumep, Ik u IVk. B 3Ttom cinyuae onnoBubparop Tp 6s0ka VK Bbipa-
OaTbIBaeT 3anperariuil curuan as cenekropa ogoka |Vk. [Ipu sTom ypoBHM cur-
HaoB Ha Bxonax Cen cocegHHX OJOKOB PETyNUPYIOT Tak, YTOOBI JUCKPUMHHATOP
omoka Illx cpabGaTeiBan TOJNBKO HA UMITYJIBCHI OOJIBIIION aMIUIUTY/ABI, @ Ha BBIXOJIE
Cen 6noka Ik — UMy IbCHI OONBIION AMIUIUTY/IBI.

JUIMTENbHOCTh UMITYJIBCOB, BHIpA0AThIBAEMBIX TP, pEryIUPYETCS TUCKPETHO U
yctaHaBiauBaerca paBHou 15; 30; 60; 120 u 240 mkc. 3a Bpems paboTbl Tp MOXeT
OPUMTH MHPOPMAIIMOHHBIN UMITYJIEC, HA KOTOPbIA OAHOBUOpATOp HE cpabaThIBaeT,
9TO MOXKET, YTO MOXET IMpHUBECTU K motepe mHpopmanuu. KomneHcamnms npocyera
BXOJIHBIX UMITYJIbCOB ocymiecTBisiercs ¢ nomouipto KITH. Komnencarop KIIN Beipa-
0aTbIBaCT KOMIICHCUPYIOIINE UMITYJIbCHI PU YCIOBUH, YTO 3aTHUI (PPOHT UMITyJIbCA
Tp coBmamaer BO BpeMEHH CO BCIOMOTATEIbHBIM HMITYJIbCOM PABHOW C HUM JJIH-
TEJIBHOCTH, (hopMHpOBaHue KoToporo nmpousBoautcs B KIIM nepuoguyecku ¢ yacTto-
toi 200 I', 3agaBaeMoit geaurteneM gactoTsl Y.

B cmecurene CM KOMIEHCHPYIOIIME UMITYJIbCHI CYMMHUPYIOTCSI C OCHOBHBIM
MOTOKOM UMIIYJIbCOB OT TP M MOCTYMNAIOT Ha JBE CXEMBbI, MpeoOpa3yrolne MoToK UM-
MyJIbCOB B MOCTOSIHHBIA TOK M (hopMUpYIOLKE U3 Hero uudpoBoit koa. B cxeme npe-
o0Opa3oBaHMs B OCTOSIHHBIN TOK MMITYJIbChI MIOCTYIAIOT Ha BXOJl BOCBMUPA3PSAHOTIO
aBonyHOro cueTurnka Cu. Bpems 3amoimHeHHs cueTdnKa ONpeessieTcs MOJI0KeHHEM
nepekiouatens S3 («Macmtaby), Ha KOTOpbId OT aenutens yactoTel Y mogatorces
YIIPABJISIONIME UMITYJIBCHI ¢ YacToTou cienoBanus 50; 25 — 0.195 I'u. Henurens Y
B CBOIO OUYE€pE.lb YIIPABISETCS ONOPHBIM KBapueBbiM reHeparopom KI'. Ilepuon cie-
JIOBaHUS YIPABISIONINX UMITYJIHCOB BBIOMPACTCS TaKUM, 9T0ObI C4 HE MepenoTHsIICS
IpU MaKCUMaJbHOW cKOpocTH cyerta. [lepenonnenne Cu KOHTpoIMpyeTcs MO cBeve-
HUIO KOHTPOJBHOW JIaMIbl. TeMHU ke YNpaBJSIFOINIMMHA HMITYJIbCAMH BBIJACTCS KO-

MaHzaa Ha nepezanuch U3 Cu B peructp namaru PII, a ¢ 3amepxkoit Ha 5 mkc Cu
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cOpacbhIBaeTcs Ha HyJb, IOATOTaBIMBAsACH K HOBoMY IUKIy HanonHenus. K PIT noa-
KIIIOYeH I poaHanoroBeiii npeobdpaszosarens [IAIl. Brixomnoe compoTuBiIeHHE
[IAIT BMecTe ¢ OgHUM M3 KOHJIEHCATOPOB Mara3zuHa kKoHaeHcaTtopoB MK obGpasyer
MHTETPUPYIOUIYIO LIETOYKY ¢ mocTostHHOW BpeMenu 0.75; 1.5; 3; 6; 12 c. BeixoaHou
Tok [IAIl, mponopimoHalibHbIi HHTEHCUBHOCTH MOTOKAa MUMITYJLCOB, BHIBOJUTCS Ha
perucTparop (BBIXO «a»).

Cxema ¢opmupoBanus 1udposoro koga GLK ns 3anucu Ha MarHUTHBIN HO-
cuTenh paboTaer mo anroputMmy N=X/y, rae N — U3MEpEeHHOe CpeHee 3HAYCHHUE WH-
TEHCHUBHOCTHU MOTOKA UMITYJIbCOB 3a Bpems npoxoxkaeHusi CII unTepBana KBaHTOBA-
HUSA 10 rIyOuHE: X U Y — COOTBETCTBEHHO KOJIMYECTBO 3aPErMCTPUPOBAHHBIX U Tall-
MEPHBIX UMITYJIbCOB YacToToil 50 I'1y 3a 3TO Bpems. IMIynbcbl KBaHTOBAHUSA 1O TIY-
OuHe, OnpeAeIIsIIoNIe PEKUM pabOThI CXEMBbI, TOAAIOTCS OT AaT4YUKa IITyOUH MO BXO-
Iy «6», TakMepHble UMMYJILCHI mocTynatoT oT nenutens Y, a undopmanuoHHbie
uMIyabcbl — oT cmecurenss Cm. Cxema OLK noakmrouaercs K MarHUTHOMY pEru-
CTpaTopy 4epe3 BHEILIHEE BBIBOJIHOE YCTporucTBO BBY.

B Onoke xommyTtanuu BK pacrnosioskeHO ycTpOHCTBO KOPPEKIMU MPOCYETOB
HMMITYJIbCOB, OOYCJIOBIIGHHBIX B3aUMHBIM BiusHueM kaHaioB B CII. Ha Bxomsl
YCTPOMCTBA KOPPEKLHUH MOJAIOTCS UMITYJbCHI C BBIXOJOB TPUITEPOB Tp BCEX YETHI-
PEX KaHaJOB, a BHIXOJHBIE UMITYJIbChl C MHTEHCUBHOCTBIO AN, paBHOM YUCITYy MPOMY-
HIEHHBIX UMITYJIbCOB, IOCTYNAIOT HAa BTOPbIE BXOAbI yeunuTene Y1 — Y4 6noka biK
0 BBIXOJIAM «2, 0, e, K».

B 6moke xonTpons biK depes mepexmouarens S2 v yCwIMTeNnb Y5 BBIXOIHBIE
MH(pOPMaLIMOHHBIE UMITYJIbChI KaHAJIOB cO cMecuTenss CM MOCTYyNalT Ha KOHTPOJIb-
Hoe rHe3/10 «llepecuer» (BBIBOI «m»), @ UMIyJIbChl Cen ¢ OTMETKOW cpabaThIBaHUS
JTUCKPUMHUHATOPOB — Ha THe370 «Ocrmmiorpad» (BeiBoI «@»). Hns xanuOpoBKH
0JIOKOB MpeoOpa3oBaHus HA UX BXOJbI MOJAIOTCS UMITYJIbChl yacToToit 50 ' ot QU
gyepes nepexmoyareas Sl.

[Tutranue CII ocymiecTBisieTcs U3 MyjbTa 4yepes pazbeM «H». Jpoccens L u pe-
s3ucTop RS mpenoTBpaimarT IMIyHTHPOBaHUE IIEHTpaabHOM KUkl kabens [[DKK Hu3-
KOOMHBIM MCTOYHMKOM nuTaHusa. Konaencarop C UCKIIIOYaeT 3aMbIKaHUE Ha KOPIYC

IIyJJbTa HAIIPAXKCHUS ITIOCTOAHHOI'O TOKA.

7.5. Uarepnperarmsg nuarpamm HI'M

Kondurypauus xkpusbix HI'M ananoruuna kpussiM ['M. I'panuiisl miaactos,
HUX MOIIIHOCTh HAaXOJATCA Tak ke, kak U B ['M. I1nacThl-KOIIEKTOPBI C BBICOKUM BO-
JOPOAOCOACPKAHUEM OTMEUAIOTC Ha (POHE MIIOTHBIX MOPOJI MOHWKEHHBIMH MTOKa3a-
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HUAMH. EcClM ke MOpPUCTHIE IJIACThI 3aJIETAl0T CPENIU IJIMH, TO KOJUIEKTOPBI OTMEYa-
IOTCS TIO CPABHEHUIO C TJIMHAMU MOBBIIIEHHBIMU MTOKA3aHUSIMU.
Peructpupyemas mnTeHcuBHOCT, B HI'M ciiaraercst u3 cleayrOlUX COCTaB-
JISFOIIUX
iy per = loyn + Toye + 1y + Ly + by,
1€ |y, lnye — CHTHAI, IPUXOAANINI, COOTBETCTBEHHO, U3 IIOPOJIBI U CKBAXXUHBI,
|, — HFHTEHCUBHOCTB €CTECTBEHHOI'O TaMMa-U3Ty4€HHs IOPOJ,
l,, — MHTEHCHBHOCTB PACCEIHHOTO TaMMa-U3JTy4€HHs, CO31aBa€MOI0 NCTOYHH-
KOM HEHUTPOHOB,
|,y — MHTEHCHMBHOCTb raMMa-U3JIyd€HHMs OT JAeTaled Nnpudopa M MCTOYHMKA
HEUTPOHOB.
HccnenoBanus paspe3oB ckBaxud HI'M ocHOBaHO Ha M3y4€HWH MHTEHCUBHO-
CTH |y, OcCTanbHBIE COCTABIAIOIIUE SIBISAIOTCSA MOMEXAaMU M IO BO3MOXKHOCTH JJOJIK-
HbI OBITh YYTEHBI.
|,y HAXOAMUTCS SKCIEPUMEHTAIILHO M 3Ta BEIMYMHA OOBIYHO YUUTHIBAECTCA IPH
KOMMPOBAHUU JUATPaAMM.
l,, 00ycioBIEHa MATKMMHU raMMa-KBaHTaMH, KOTOPBIE 3aJ€PKUBAIOTCS CTallb-
HBIM KOpITycoM npudopa.
|, mpu oOpaborke nuarpamm HI'M cienyer y4uThIBaTh IIyT€M BBIYMTAHHS U3
Ly per = /Ky, THE |, — NHTEHCMBHOCTB raMMa-u3IIy4eHHs, 3aQUKCUPOBAHHAS KaHAJIOM
I'M; K, ycTaHaBnMBaeTCs 3KCIIEpUMEHTAIBHO, YKa3bIBaeTcs Ha Auarpammax HI'M.
|y YIUTBIBAETCSA IyTE€M NPHUBEJICHUSA IOKA3aHMHM K CTAHIAPTHBIM CKBa)KHMH-
HBIM YCIIOBUSIM: CTaHIAPTHOMY JAHAMETPy CKBAKMHBI, TOJNIIMHE TJIUHUCTOW KOPKH,
€CJIM CKBa)XMHA HEOOCA)KEHA, a TAKXKE YUYUTHIBACTCS BIUSHHUE KOJOHHBI, TOJIIUHBI
[IEMEHTHOTO KaMHs, MUHEPAJIM3aIK BOJIbI, €CIIM CKBOXKMHA 00CaXeHa.
[TonpaBouHble KO3(PHUUIMEHTHI 32 BIUSHUE YKAa3aHHBIX (PAKTOPOB HAXOMSTCS
[0 COOTBETCTBYIOIINM MaJIETKAM.
Ecnu yuutsiBaeTCs HE OJMH, a HECKOJIBKO TTapaMeTpoB, TO OOLIUI MOIMPaBOY-
HBIN K02 PUIIMEHT HaXOoauTes 1Mo (hopMyie
nny: Moyl - Mny2- Mny3---»
TIOE 7yl - Mny2- 7 ny3 - TONPABOYHBIE KOI(D(MUIMEHTHI 3 BIUSHUE KaXIOTO U3 yUUTHI-
BAE€MbIX [1APAMETPOB.
[Tocne nmpuBeneHUs MOKa3aHUN K €IUHBIM CKBAXUHHBIM YCJIIOBUSIM PACCUUTHI-

BAaIOT JJBOMHOM pa3sHOCTHBIN mapamerp A |,
/
I nm o I njon
ny - I I _ I !
nyon nyon

Al
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rae oy, InYOH/ , Inyon// - TIOKa3aHus B MHTEPIPETUPYEMOM IuiacTe, B |-M u 2-M onop-

HOM TUTaCTax, MPUBEICHHBIC K €UHBIM CKBaKUHHBIM yCIOBHSIM,

Inyonl - MUHUMaJIbHBIC TIOKa3aHUs B U3y4aeMOM paspese, Kak MpaBujio, IPUypo-

YCHHBIC K TUTaCTaM TJIMH ¢ Oosbmumu kaBepHamu (d, >40 cm),

Inyonl/ - MaKCUMaJIbHBIC TIOKa3aHUs, IPUYPOUYEHHBIC K IUIACTaM IUIOTHBIX TTOPO/I.

ITo nonxyuyenHsIM AaHHBIM Al,, 1 manetku Al,,=f (K, ) Haxomar K.

Bo3MoxHa u gpyras mnociaeaoBaTeIbHOCTh HHTEPIPETAIIUU, TI0 KOTOPOM MOKa-
3aHMS HE MPUBOAATCS K CTAaHAAPTHBIM CKBRXHMHHBIM YCIOBHUSM, a, MUHYS 3TY MPOIIe-
nypy, paccuuteiBaeTca BeanuuHa Aly,, a mo Hell Haxogurcs 3HadeHue K. B Halinen-
HOE TakuM 00pa3om 3HaueHue K 3aTeM BBOIATCS MOMPABKU 32 BIUSHUE YKa3aHHBIX
BBIIIIE MMapaMeTpoB ImyTeM BbruuTanus u3 K, Benmunabsl AK,, 3a ka1t ©3 mapamer-
POB.

OmnpeneneHne TOPUCTOCTH (KKYIIEHCs) TPOBOAUTCS TI0 TajieTKaM 3aBHCHUMO-
ctd |y /lyys mimu Alp, o1 Ky 1711 4MCTOrO BOZOHOCHOTO U3BECTHSAKA U COOTBETCTBYIO-
IIEro IMaMeTpa CKBOKHUHBI (0€3 IITUHUCTON KOPKH) CIEAYIOIIMM 00pa3oMm.

O6b1uHO Ha rpadukax 3aBucumoctu Aln,= f(K;) npeamnonaraercs, uto omop-
HBIMU TIJITACTAMH CITYKUT M3BECTHSK C MOPUCTOCThIO 1% (InYOH”) U TIpecHasl BoJia, 3a-
MOJHSOIIas 0aK JOCTATOUHBIX Pa3MEPOB (InYOH/: lhys). Eciu B pa3pese ckBakHHBI UC-
HOJb3YIOT OIOPHBIE IUIACTBI C MHBIMM XapPaKTEPUCTHKAMH, TO 10 BbIYUCIECHUS Al
PaCCUUTHIBAOT InYOH// 51 Inm/ no ¢popmyrnam, npuBoauMbIM B padote b.}O. Bennenbii-
tenbHa U P.A. Pe3BanoBa*.

VY4eT HeCcTaHIAPTHOCTH CKBAKUHHBIX YCIOBHI

Bimstnue npombeiBouHo# kujakoctH (1K) cka3piBaeTcsa Ha pe3yJibTaTax CTalld-
OHapHBIX HEUTPOHHBIX MeTOJ0B (CHM) u3-3a paznuuwuii B cleayromux napamerpax:
BOJIOPOJHOTO MHIAEKCA PacTBOpa W, €ro INOTHOCTHU O, U3IIy4arolEed ciocOOHOCTH 7,
Y CEUYEHUS MOTJIOMICHUS TEMJIOBBIX HEUTPOHOB ), 3.p, 3aBUCAILETO B OCHOBHOM OT CO-
Jep>KaHus XJ10pa U Keje3a.

VYMeHpIIeHHE W, B IIPOMBIBOYHON KHMIKOCTH YBEIHYHMBACT NMOKA3aHMA BCEX
CHM. YBenuuenue J, (mpu W,= CONst) ymMeHbIIaeT mokaszanus, ocooenno HI'M.

Bospactanus ) 3.p ymenbinaeT nokazanus HHM-T, a y - yBenuuuBaeT noka-
3aHus HI'M.

Hust PBO 00p14HO 10cTaTO4HO 3HATH O, U Cp, OCTANIBHBIE TApAMETPBI IPAKTHY

€CKH OJIHO3HAYHO CBSI3aHbI C YKa3aHHBIMU, TaK Kak mi1oTHocTs PBO no 1,3

r/cM® JOCTHraeTcst 3a cueT J0OABKH TIIMHEI (GEHTOHNUTA) , 4 JAlbHEHIIHIT POCT
d,- 3a c4yeT 100aBOK Oapura.

*Benpenpmreiin b.1O., Pe3BanoB P.A. ['eodusmueckue MeTONBI OIpeseieHne IMapaMeTpoB
He(Tera3oHOCHBIX KoyiekTopoB. M.: Henpa, 1978.
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[Ipu uHTEpOpETAIIMK CUUTAIOT, YTO HEPTh M BOJIAa B IMOPaX KOJJIEKTOPOB MpPaK-
THYECKH IIOJHOCTBIO BbITECHSETCA (UIbTpaToM (Boma ¢ MuHepanusaunuei C, mis
PBO u yrneponopoanas ocaoBa st PHO).

B tabmumax 7.2, 7.3 u 7.4 npuBoasarcsa nonpaBku AK; 3a BIUSHUE TIIIOTHOCTH
TJIMHUCTOTO U U3BECTKOBO-OMTYMHOTO pacTBOpa, a B TaljuIle 7.5 - 3a BIUSHUE MU-
HEpAJIN3alMU UHBEPTHO-3MYJIbcuoHHOM [DK.

TabGmuma 7.2
[TonpaBka AK,, 3a BnustHue mwiotHoct [ DK 11 30112
HHM-T-50 (JIPCT-3-90)
de, Jp, AKy (%) npu Ky, %
3
MM r/em 1 5 10 20 30 40
1 2 3 4 5 6 7 8
[IpecHblii TTMHUCTBIN pacTBOP

200 1.2 0.3 0.5 0.8 1.2 1.4 1.6
1.6 1.0 1.4 2.1 3.5 4.6 4.9
1.8 1.2 1.6 2.5 4.4 5.8 6.3

300 1.2 0.7 1.0 15 2.4 2.9 3.3
1.3 1.0 1.4 2.1 3.5 4.6 4.9
1.6 1.3 1.8 2.7 49 6.8 7.5
1.8 1.3 1.9 2.9 5.4 1.7 8.3

N3BecTKOBO-OMTYMHBIN PacTBOP

200 1.0 -0.2 -0.3 -0.5 -0.8 -1.0 -1.2
1.2 0 0 0 0 0 0
1.6 0.7 1.0 15 2.4 2.9 3.3
2.0 1.3 2.0 2.9 4.8 6.3 7.2

300 1.0 -0.2 -0.5 -0.8 -1.4 -1.9 -2.0
1.2 0 0.1 0.2 0.5 0.6 0.7
1.6 0.5 0.8 15 3.0 4.2 4.8
2.0 0.9 1.2 2.2 4.2 6.2 7.1
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Tabmura 7.3
[TonpaBka AK;, 3a BiIMsiHUE JIOTHOCTHU TJIMHUCTOTO pacTBOpa Jis 30HAa

HI'M-60 (JIPCT-3-90 u CI1-62)

de, Cp =Cs, Jp, , AKy (%) nipu Ky, %

MM r/n r/cm 1 5 10 20 30
1 2 3 4 5 6 7 8
KapOoHnaTHbIe MOpO1bI, KBAPIEBHIN U KBAPII-ITOJICBOIIIATOBBIN MTECYaHUK
200 0 12 0.5 0.6 0.7 0.7 0.4

1.4 0.8 1.0 1.1 1.1 0.4

1.6 1.0 1.2 1.3 0.8 -0.6

1.8 1.1 1.2 1.3 0.2 -2.5

300 0 1.2 1.2 1.2 1.0 0.1 -0.6
14 1.8 1.8 1.4 -0.7 -2.0

1.6 2.0 2.0 1.2 -2.4 -5.3

1.8 2.1 2.1 0.9 -4.6 -9.0

Kap60HaTHBIe IopoAabl U KBapH-HOHeBOHlHaTOBLIﬁ IICCYaHHUK

200 100 11 0 0 -0.2 11 4.4
12 0.2 0.2 0 1.0 2.9

14 0.3 0.2 0.1 05 0.8

16 0.3 0.1 -0.1 -0.3 -0.6

18 0.2 -0.3 -0.7 1.4 -2.0

2.0 0.1 -0.6 -15 -2.5 -3.3

250 12 0.4 -0.7 -15 14 5.5

13 0.2 12 2.2 -0.3 3.0

14 0 -1.6 -2.7 -1.5 1.6

1.6 -0.2 -2.1 -3.5 -3.3 -0.2

1.8 -0.4 -2.3 -4.0 -4.5 -0.9

2.0 -0.3 -2.3 -4.5 -5.5 -2.3

300 100 1.1 0.6 1.1 15 35 7.0
1.2 1.0 1.3 15 2.9 5.2

14 14 15 15 15 1.9

1.6 14 15 1.2 0 -1.0

18 13 13 0.8 1.7 -3.9

2.0 1.1 1.1 0.4 -3.6 -6.6

250 12 1.0 17 2.4 5.2 9.5

13 0.8 14 2.1 4.4 7.5

14 0.7 12 18 3.7 5.8

16 0.5 0.9 12 2.2 2.9

300 250 18 0.3 05 0.7 1.0 0.8
2.0 0.1 0.1 0.1 0.1 -0.6

KBapiieBblil necuanuk
200 250 12 | 07 | 22 | -26 | -30 | -08
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1 2 3 4 5} 6 7 8
200 250 1.3 -0.9 -2.5 -3.0 -4.2 -2.6
14 -11 -2.7 -3.3 -4.9 -3.5
1.6 -1.3 -2.9 -3.9 -6.0 -4.6
1.8 -14 -3.0 -4.4 -6.8 -5.2
2.0 -14 -3.1 -4.8 -7.3 -5.7
300 250 1.2 0 -0.5 -0.9 11 4.8
1.3 -0.1 -0.7 -1.1 0.6 3.4
1.4 -0.2 -0.8 -1.3 0.2 2.1
1.6 -0.4 -1.0 -1.6 -0.6 0.2
1.8 -0.6 -1.3 -1.9 -1.4 -1.1
2.0 -0.8 -1.6 -2.2 -2.0 -2.0
Tabmuna 7.4
[TommpaBka AK}, 3a BiMsiHUE TIJIOTHOCTH U3BECTKOBO-OUTYMHOI'O pacTBOpa
s 3ou1a HI'M-60 (JIPCT-3-90 u CI1-62)
de, Jp, AK;, (%) npu Ky, %
MM r/ow’ 1 5 10 20 30
200 1.0 -0.3 -0.4 -0.6 -0.8 -0.8
11 0.1 0 -0.1 -0.3 -0.6
1.2 0.3 0.3 0.3 0 -0.5
14 0.7 0.8 0.8 0.3 -1.1
1.6 0.9 1.0 1.0 0.1 2.1
1.8 11 1.2 1.2 -0.3 -3.3
2.0 14 1.4 1.3 -0.9 -4.6
300 1.0 -0.5 -0.7 -0.9 -1.1 -1.0
11 0.2 0 -0.3 -1.1 -1.7
1.2 0.8 0.5 0 -1.1 -2.5
14 14 1.3 0.7 -1.7 -3.9
1.6 1.8 1.6 0.5 -3.2 -6.2
1.8 2.0 1.8 0.2 -5.4 -9.0
Tabnuua 7.5

[TormpaBka AK}, 3a BnusiHME MUHEPAIN3ALUA HHBEPTHO-IMYJIBCUOHHON IPOMBIBOY-
Ho sxuakocty s 3oH1a HI'K-60 (JIPCT-3-90 u CII-62,
d. = 200-300 mm, 3, = 1-1.2 r/cm’)

AK; (%) pu Ky, %

Cp, /1
1 5 10 20 30
125 0.5 0.6 0.7 0.8 2.0
50 0.5 0.5 0.5 0.5 0.6
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CrnemyeTr 0OpaTuTh BHUMaHUE, 4TO B Tabyumax 7.2-7.4 npearnoaracTcs paBeH-
ctBO C, u C,, 4TO OOBIYHO JUIA KOJUIEKTOPOB € JOCTaTOYHO I'TyOOKOH 30HOH IPOHMK-
HoBeHUs (6osee 40 cm).

Brnustare mpomMexyTouHOro cinos (TIMHUCTas KOpKa WU OTXOJA Mpudopa OT
CTEHKH) YYHUTHIBAIOT IO JAaHHBIM TaOJIHIIBI 7.5,

Y4er ocobeHHOCTEH macTa

[TompaBka 3a OCHOBHOW MUHEpAJIbHBIA COCTAB CKeJIeTa OINpPENeyseTCs MO PHUC.

7.4. Ilpu >TOM MOJ MOJIEBBIM IIMATOM MojJpazyMeBaeTcs cMmech (mo 50%) oprokiasa
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Puc. 7.4. [lanetku ansa onpenenenus nonpaBku AK, =K .. — K;, 32 MUHepaIbHbIi COCTaB TEPPUTCHHBIX
(a, 6, 6) 1 kKapOOHATHEIX (2, 0, €) TOPOI.
Meronpr: a, 2 — HI'M-60 (ipu6opst CIT-62 u IPCT-90), 6, 0 — HHM-T-50 (JIPCT-3-90); 6, ¢ — nByx-
3ou10BeI HHM-T (anmapatypa K-7).
Iudp kpuBsIX: @, 6, 6 — collepKaHKe MOJIEBOrO mmnara, %; 2, 0 — 0., MM (CIUIOIIHBIC JIMHUU — JIOJI0-
MHUT, IITPUXOBBIC — AHTHUPHT).
JIunus K;;= 0 (ock abcuucc) COOTBETCTBYET U3BECTHSKY

¥ HATPUEBOTO MOJIEBOTO mmaTa (TUnu4yHo Jy1s 3amagnoi Culupn).

[TonpaBka 3a TJIMHUCTOCTh PaBHA CyMME IOIMPaBKU 3a CBsI3aHHYy10 Boay (AK,=
-WCBK/m) M MEHEE 3HAYUTEIbHOM IOMPABKU 32 aHOMAIUIO TNIOTHOCTH AK, = -Aw,,.
ITocnenusast BenuuuHA OMpeaesieTcs 1Mo puc. 7.5, a aHomanus Ad TpUHUMAETCS PaB-
HOU K/rn A/m, rae K/m — CcoJIepKaHHUE TJIMHUCTOTO MUHEpaja (He MyTaTh C TJIUHUCTOU
dpakmueit K, A 1~ AHOMAJIHS €To IJIOTHOCTH, oTnpeesnsemas mo taoi. 7.6.
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Tabmura 7.6
[lnoTHOCTH ConeprkaHue CBA3aH- AHomanus
Munepan (rpymma Mu- .
(6€3 BOIBI HAOYXaHUSA) HOM BOJIBI IJIOTHOCTH
HEPAJIOB) 3 3,3 3
Orn, T/CM Weg, CM /CM Ar, T/CM
['umnc 2.30 0.48 0.44
Kaonunut 2.60 0.36 0.54
MOHTMOPHIITIOHUT 3.20 0.22 0.90
XJTOpUTHI 2.80 0.34 0.70
Marfe3uaibHbIE
I'unapomyckoBUT 2.75 0.19 0.42
a o
Aw"’”%o 7 Aw, % ,
0 _l ~ 74
<
45=07 0’?(2 120 2 /77\ <0
a1 % D,
=27 o 7 I)%IU /45=qy % P %
0 E= 4
= 7
j 5 / Y, 7, )
-5 N s
- a1 = ] _1
\ g2
~-10 N g 2 <10~ 20 I ] 0 Ky cam %
103 N
15 VA e 5 ANV
A5=-g’( \ & WINAYA
-20 | % o
6 & -10 | ! \
P 1A \
{5"‘0@ /7 |
s 15207 5| 15 A
VAl A YY) e
10
27 o ALLA
. ~ ] e
= 55,58 — /0,2 45=‘ﬂ,”5/
U - 0,, —25 | B
Sseesa = =
- A, ]
\ ™ _0,2
4/-03
= \ :
R
ooy /as=-17
=15 g
0 10 20 30 40Ky cque,%

Puc. 7.5. TaneTku jyis1 onpeeNeHns MONPaBKy 32 MIIOTHOCTHBIN 3 dekT AW, TI0 BOZOPOJIHOMY HHICKCY
miacta W u kaxyuetics nopuctocta (mo CHM) K, o
a, 6 — niis HI'M-60 cooTBeTCTBeHHO B 0OcakeHHO# (d; = 19 ¢M) U HeoOCaKeHHOM CKBaKHUHAX;

8

C,, v/1: 1 -0, 2 (mynkrup) — 200

— 11t HM-T He3aBUCHMO OT JUIMHBI 30HAa U IUaMETPa CKBaKUHBI.

/
[IpuBenennas nomnpaska AK,= - Aw,; - K'\;, W, paccunrana mjisi IeC4aHUKOB.

[Ipu ydyeTe rIMHUCTOCTH HM3BECTHSIKOB HEOOXOIUMO, CTPOTO TOBOPS, BBECTH JOTMOJI-
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HUTEJIBHYIO TIOMPABKY 32 COCTAB OCTAJIHBIX OKHUCIIOB. DTY MOMPABKY MOKHO CUUTAThH
PaBHOI MOMpPaBKe 3a NECYaHUCTOCTD, MPEIoaras, 4ro ee oo0bemMHas 10Jist paBHa K.
OnHako 3Ta monpaBKa 3HAYUTENbHA JTUIIb MIPU K.y >20%, uto B KapOOHATHBIX TTOPO-
nax ObIBaeT PEJKO.

[TonpaBku 3a Ko paccunTaHHble TUPHEPEHIIMPOBAHHO MJIsi PA3IUYHBIX MO-
pPOZl ¥ C MCIIOJIb30BaHUEM OoJiee CTporoil Teopuu, npuBeaeHs B padore M.B. T'ono-
Barkoi 1 ap . OCOOEHHOCTh STHX JAHHBIX B TOM, YTO Il HEKOTOPBIX MHHEPAJIOB
3Ha4YeHUE W, IPUHATO 00JIee BBICOKHM, C YU€TOM BKJIaJla TUTPOCKOTTUIECKOM BOJIBI.

a 4
£, yea.ed Ly
T s =4
N g
INEINENE o L N
N | am | i Wi b !
F \ o S— 5 '@;:‘\ \\\\ ‘ ‘
SN\ - Pl "
J >‘> \\\ 3 295 ; \\Q:L\\\ i
2 %25!0 ! :’\\ 2 3 X \
A R,
R IR ! 727 455785w 2 A,
I yened O Lyned. €
i L e
0,8 ; ™ i g :.\\

30
07—t /S< >

0,4 b |-Z : - 7S(ﬂ
0,3 ,i’- Z ! ; < ) 5 \\ A\

l
0,2 [l N |
0,1 5% i 5 mf"
\
a ar PN N \
Lyned. : & \\ A
i N
g N
40 e I \\ \\
30 N 7 %
20 2 | T\\ t \
Sy
10 \%‘:\ AN ; N
Joh bﬁ
05 1 2345 10 2030Kn % 77 145680 1£20 WK%

Puc. 7.6. ITpumepst ocHoBHBIX masetok CHM mis HeobcaxenHol ckBaxuubl (C,, = C,).
Mertonust: a, 6, 6. 2— HI'M-60, 0 — HHM-T-50; npubopsr: a — CII1-62, 6, 6, 2, 0 — APCT-3-90.
Indp xpusbix — dc, MM. MuHepanu3anus pacTBopa M I1acToBoi Boasl: a, 6, 6 —C,=C,=0,2—-C, =
C, =170 r/n NaCl, 0 — C, = C, =250 r/n NaCl

"Onpesenenne eMKOCTHBIX CBOWCTB M JMTONOTHH MOPOJ B Pa3pe3ax HE(TEra3soBBIX CKBAXKHH IO
JaHHBIM PaJIMOAKTUBHOTO M aKYCTMUYECKOIO KapoTaxka (HAcTaBJEHHWE MO HMHTEPIpPETAlMd C KOM-
wiektoM nanetok) / M.B. T'onmoBankas, FO.A. I'ynun, O.K. EnukeeBa u ap. Kanunun: uzn. BHU-
I'MKa, 1984.
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Cnenyet otMeTuTh cuiibHOE BiusHue Ha CHM yriucteix npumeceit (ommoka
AK, ~ 6% na 10% yraucroctn).

Brusitaue npumMeceit 371eMEHTOB C BBICOKMM CEYEHHUEM TOTJIONICHUS HEHTPOHOB
(xmopa) mokazaHo Ha puc.7.6 m B Tabmunax 7.2 — 7.5. Bnusaue comepikanus 6opa
IMOKa3aHo Ha puc. 7.7.

BrnusHre ocTaToyHON Ta30HACHINIEHHOCTH B 30HE NpPOHUKHOBeHHS K., mpu
onpeneneHnu K, 00ycioBieHO YMEHBIIICHUEM BOJOPOIHOTO MHACKCA IO CPABHEHUIO
C BOJOHOCHBIM IIACTOM C 3TUM k€ K, ¥ MOHMKEHHEM TIJIOTHOCTH MO CPABHEHUIO C
BOJIOHOCHBIM IIJIaCTOM ¢ 3TUM k¢ W. Ilomnas mompaBka 3a BiausHus K., paBHa
AKH:KHKF(WB-WF) - AWHJ’I'

OTMeTnM, YTO €Cli BeIu4YMHAa AW, OTpHUIaTelbHas, TO 00a cllaraeMbIX
yMenbmarT K ; no cpaBaenuro ¢ K.

3HadyeHus W, 1 W, HaX0UTCs 1o hopmyJiaM

W,= (1-0,36CB) 0,/0,,; W =9yd,.(12X+Y),
rme  CB — MEHEpaIU3aLyst BOJBI, I/CM°,

O U Oy, — IJIOTHOCTH BOJIbI B IJIACTOBBIX U HOPMAJIBHBIX YCIOBUSIX COOTBET-

CTBEHHO (OTHOIIICHUE O/ &5, MOMKHO ONPECTUTD 10 TadmuIe 7.7),

0 — IVIOTHOCTH ra3a B IJIACTOBBIX YCIOBUSIX,

X, Y — uHIeKChl B cpeqnet popmyne C,/H, rasa.

Tabmuma 7.7
OtHoteHue d/ d;, IPH Pa3HBIX IABICHUAX U TEMIEpaTypax

T,’C Os/ 050= Wy/W, , Tipu HaBnennu Mlla

20 50 80
100 0,96 0,98 1,0
200 0,87 0,88 0,90
300 0,73 0,77 0,82

Jlyist ra3oB O, HaxXoAAT Mo hopmyre:

P T, o P T 0,0

SF: it X 0 X .0 __ m X 0 X T.OTH ~ BO3[J

pa THJ'I Z po TIIII Z ’

rae  Z — Ko3Qp(UUUEHT CBEPXCKUMAEMOCTH, ONPEAEISIEMbId C UCTIOJIb30BAHUEM CIIe-
LUAJIbHBIX HAJIETOK,*
Or.o — IUIOTHOCTb T'a3a MPH HOpMaIbHBIX ycinoBusx (P, T,),
Or.orn — OTHOCUTEJIBHAS TUIOTHOCTH Ta3a (M0 OTHOMIEHHUIO K BO3/YXY),
Spos=1,29% x10” r/cm® — MIOTHOCT BO3/yXa [P HOPMAIBHBIX YCIOBHSX.

*PacyeTpl, MPOBOAMMBIE B Ipoliecce pa3padboTku ra3oBbix Mectopoxaenuit /FO.I1. Koparaes, A.JL.
Ko3znos, M.JI. ®um u ap. M.: Heapa, 1971.
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ITpu naBnenuu g0 40 MlIla B TemneparypHom unteppaie 0-40 °C s merana
cripaBeUIMBbI TpubmKeHHbIe hopmynst W CHy = p/63, 6 CH, =4, w CH, ~ p/140.
9

AW,,;; HAXOUTCS 110 pHC.7.5.

a
g 0,1 0,2 0,3 0,4 0,5 Cg,Mr/om3
=2 ¥
\
-4 \QQ\ I — 5
L N T
-8 \%%\ o 15
20
-10 \.\\\”
T s
a4k,,%
0 0,2 0,4 0,6 0,8 Cg,mr/cm®
= \\Q
5
=70 \\ \\\\ & ﬁ
N g
=15 N -~z 0 005 a1
AV -2 ==
20 \ W g &Yb e
E 25
N5 -6 SN
N 40 -8 B
Ak, %

2k, %

Puc. 7.7. Tlanetku ans onpexaencHus nonpaBku AK, 3a BiusHue npumecu 06opa Ha pesyiabratet HHM-T-50
(a), HTM-60 (6, 8) ¢ ammaparypoit JIPCT-3 u CII-62.
udp xpuBbx — K4, %

AHoMaiuio MIOTHOCTH Ad paccuuthiBatoT 1o Gopmyne Ad=K KA, A.= -0+
W(85 - 0.543,).
Yder BIUAHUS TEMIIEPATYPhl B INIACTE U CKBaXHWHE Ha pe3yibratel HI'M oc-

HOBaH Ha MCIOJIb30BaHUM NaleTKu Ha puc.7.8. [Ipu 3TOM npuMepHO yUUTHIBAETCS U
JaBJeHHe (CUMTACTCS, UYTO OHO M3MEHSETCS CHHXPOHHO ¢ TemrepaTypoii -33 °C u 12
MIla nHa 1 kM rinyounsr). Ha puc.7.8 nana nmanetka mis d. = 190 mm, nipu d. # 190 mm
HE06X0XMMO mpubaBuTh monpasky AK, = aT-10™, ree a = -2.5, 1 u 3.5 % mis d, -
cootBeTcTBeHHO 130.247 1 305 mMMm.
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K (ucnpabienroe), %

0—20245570 20 30 4
00
200 /
i / AL
Joor] / / JA/

: A :
W0 7 4 6 61 70 304
e

Puc. 7.8. llanetkn mis ydeta TeMmepaTypsl BOJOHACHIIIEHHOTO macta T, u ckBaxuHbl T, mpu T=T,;
(mpubop 3TanoHUPOBaH MpU HopManbHOH Temnepatype; HI'M; d. = 190 mwm.
Munepanu3zaius Boasl, 1/1: 1 — 0, 2 —200

Hanpumep, K, = 14%, T, = T. = 250 °C, Cs = 1000/, d. = 243 mm; o ma-
aetke ompenenseM K, = 20% (touku a, B, ¢), 3aTeM BBoaUM momnpaBky: K, = 20 +
1-250-107° = 20.25%.

KonuyectBenHnoe omnpeneneHue kodpduimeHta ra3oHaChIIIEHHOCTH MO JaH-
HeiM HI'M ocnoBano Ha ucnons3zoBanue ypaBHeHus K. = (K, K, + Kyw,, +
AW, )/ [Ky(1-W,)]?. TIockombKy AW,, 3aBucuT OT K, ¥ 9Ta 3aBHCHMOCTb IIOKA HE arl-
MIPOKCUMHUPOBaHAa COOTBETCTBYIOIMMH (hopmyiiaMu, K, HaXoaaT METOIOM HCIIOIB30-
BaHMs npuOmpkeHuil. CHauaga onpenessioT nepBoe NpudImKeHue, monaras AW, =
0; mamee  BBIYHCISAIOT MPHUOJIMIKEHHBIC 3HAUYCHUS TI0 BBIIICTIPUBEICHHON (GopMmyIie
U HaXOAAT IepBoe npuOmmkeHue AW, u Bropoe npubiamxeHusie K. [TogoOHBbIi
ITPOLIECC MTPOJOIKAETCS O MOJyYEHUsI YCTOMYMBBIX 3HaueHn! K,

7.7 Tlopsmok BBITOJTHEHUS PA0OTHI

1. BeIensitoT 1acThl, HAXOAT KPOBITIO, MOIOMIBY IJIACTOB (TPy0O U TOYHO) U
UX MOIIIHOCTb.

2. OTCUUTHIBAIOT MOKA3aHHs MIPOTUB IIACTA |y per n (B €70 KPOBEIBHON 4aCTH)
Y BO BMEINAIOIUX NOPoaax |, sy (HHKE IOJOLIBHI IIACTa B KPOBEIBHOM Y4acTH BMe-
maromux nopox). Ilokazanus |y pern IPUBOIAT K yCIOBUSAM OECKOHEYHON MOIIHOCTH
yIacTa Tak ke, Kak 1 B TaMMa-MeTO/Ie:

[° =] In}/peFBM B In}/pern
nym — 'nypersm ,
Vn7

AJIA TIaCTOB, 3aJICTa0IUX CPCAHN INIOTHBIX ITIOPOI;

I 0 __ Nypern Ny per M I

nyn Ny perBM ,

Vo,

AJI TIaCTOB, 3aJICTA0MUX CPCAN T'JIMH.
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3. Haxopgsar HCITPaBJICHHOC 3a €CTECTBEHHBIN TaMMa (I)OH 3HA4YCHUC
I

© /4

nymo nyn_K '
.

rae |, — MHTEHCHBHOCTH €CTECTBEHHOI'O I'aMMa-H3JIydeHHs IulacTa 1o JaHHeiM I'M
(oTcuMTHIBaETCS B KPOBEIBHOM YacTH IJ1acTa);
K, — xoaddumnuent gyscrBurenbHoctu kaHana HI'M (yka3esiBaeTcst Ha aua-
rpammax HI'M).
4. BpIOMparoT B pa3pe3e ONOPHBIE IUIACTHI ¢ MAKCUMaJILHBIM (l, o) M MHHH-
ManbHbIMU (14, on') TIOKA3aHMAMH. JIIIsi HEX BBITONHSIOT IIPOLEYPHI, TPELYCMOTPEH-
HBIC TyHKTamMu 1-3.

5. PaccuutheIBaroT CANHHUILY IIBOfIHOI‘O Pa3sHOCTHOIO ImapamMeTpa.
Inyn - Iny on/
AI ns I i /
ny on o ny on

6. ITo manetke Al,, = f(K;) 11 cooTBeTCTBYIOIMX OTIOXKEHHUH HaXOIAT K.

Ecnu B kadecTBe OMOPHBIX MPUHUMAINUCH IJIOTHBIC IJIACTHI U IUIACTHI TJIMH,
UCIIOJIB3YIOT KAy Al,,, COOTBETCTBYIOIIYIO N3MEHEHUIO IIOPUCTOCTH OT 2 10 40%.

7. B HaiiieHHBIC TaKKUM 00pa30M 3HAUYEHUS MOPHUCTOCTH BBOSATCS TOMPABKH 32
BIIMSIHUSL TMaMETpa CKBaXKUH, TIMHUCTOU KOPKH U Jpyrue. [Ipu 3ToM U3 mojiydeHHO-
ro 3HaueHus K, Berunraercs AK;, o0ycCIIOBIICHHOE Ka)KJIbIM W3 YYHUTHIBAEMBIX ITapa-
METPOB.

7.8. OTYETHOCTBD

PaboTa nipeacTaBisieTcss B BUI€ 0TYETa, B KOTOPOM KPATKO M3Jararorcs Ghusu-
YECKHE OCHOBBI METO/Ia, MOPSAI0K OOpa0OTKU M MHTEPIPETAUK AUArpPaMM U TOJTY-

YEHHBIE PE3YJIbTATHI.

CIIMCOK JINTEPATYPHI

1. AnbOOM mnajJleToK W HOMOIpaMM JJII HWHTEPHpPETaluyd IMPOMBICIOBO-
reousnueckux gaHHbIx. M.: Henpa, 1984.-201c.

2. oopemana B.M., Bennmensmreitn b.1O., PespanoB b.A., Adpuksa A.M.
[TpowmsicnoBas reodusuka. M.: Henpa, 1986.-342c.

3. ApsixonoB A.W., JleontheB I'.U., Ky3nenos I'.C. O0muii kypc reopusuue-
CKHUX ucclieioBanuid ckBaxxuH. M.: Henpa, 1977, 1984.-432c.

4. Vatepriperanusi pe3yibTaToB reo(u3MUecKuX HCCIEeI0BaHUN HEPTSIHBIX U
ra3oBbix ckBakuH: CrnpaBounuk /[log pen. B.M. JloOpeianna. M.: Henpa,
1988.-476c.
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5. Uten6epr C.C. UnTtepnperaius pe3yabTaToB I'eOPU3MUYECKUX HCCIEIOBA-
Huii ckBaxkuH. M.: Hexapa, 1987.-347c¢.

6. Jlatpimoa M.I'". [IpakTudyeckoe pyKoOBOJICTBO MO MHTEPIPETAIIUN TUarpaMM
reopu3NIECKUX METOJIOB MCCienoBanus ckBakuH. M.: Henpa, 1981, 1991.-
218c.

7. ITomepant JI.U., benokons JI.B., Kozsap B.®. Anmnapatypa u o6opyaoBanme
reor3UIECKUX METOJIOB HcclieIoBaHus ckBaxxuH. M.: Henpa, 1985.-271c.

JlaGopatopHas padota Ne 8
AKYCTUUYECKHU METOJ

8.1. Ileap paboTHI

[{enbro naHHOM PabOTHI SABIIAETCS 3aKPEIIEHHE TEOPETUYECKOr0 MaTepuala 1o
aKycTuueckoMy Merony (AM) M NpUBUTHE HABBIKOB OINpPEAEICHUS MOPUCTOCTH Ha
OCHOBE U3MEPEHUN NHTEPBAIBHOTO BpeMeHU AT.

8.2. DU3NYECKUE OCHOBBI aKYCTHUECKOTO METOJIA

AKyCTHYECKHE METO/bl MCCIEAOBAaHUS CKBAKMH OCHOBAaHbl Ha H3yYEHUU
YOPYTUX CBOMCTB TOPHBIX MOPOJ] IO HAOIIOJEHUAM 32 MTPOLIECCOM IOCIIEI0BATEIbHO-
r0 paclpocTpaHeHUsl B HUX Jiepopmalinii, BEI3BaHHBIX YIIPYTro BOJTHOM.

B 3aBucumocT oT Buna aedopmanmu B OpoJe BOSHUKAIOT Pa3NYHBIC THIIBI
ynpyrux BojH. Haubonee nHpopMaTUBHBI IPU U3YUEHUU YNPYTUX CBOMCTB TOPHBIX
nopon npoaoasHbie (P) u monepednsie (S) BOTHEIL.

Baxknelmmmu XxapakTepUCTUKAMM YIPYTUX BOJIH SIBJSIOTCSI: CKOPOCTH pac-
MpocTpaHeHus (WM UHTEPBAJIbHbIE BPEMEHA), UX aMIUIUTYAbl U KO3 PUIIMEHTHI 3a-
TyXaHus (TOTJIONICHUS, OCTA0ICHHUS ).

Jis waeanbHO YHOPYTUX M30TPOIHBIX TOPOJ CKOPOCTh PacHpOCTpaHEHUS
ynpyrux npoaosbHsix (V) n nonepeunsix (Vs) BOJIH ONpeAesnseTcs ypaBHEHUAMMU:

V. - E(l—p) [ 30 -p)
PN, (I + )1 =2u)  VKS, (I +p)
VS:/L,

26,(1 + )

E, u, K — coorBerctBenHo Moaynb FOHra, koadduimentsr Ilyaccona u Bce-

rae O, — INIOTHOCTB ITOPO/IbI;

CTOPOHHECTO CXKAaTHA IIOPOABI.



34

Enununeil usmepeHus CKOPOCTH paclpOCTpaHEHHs yHNpyrux BoinH Vp u Vi
CIIY’KUT METP B CEKYH]LY.

Benuunny, 06paTHYI0 CKOPOCTH PaclpOCTpaHEHUs YIPYroil BOJHBI B TTOPO/JIE,
HA3bIBAIOT UHmepsaivHvim epemenem AT. EquHHIEd €ro W3MepeHus SIBISETCS Ce-
KyHJIa UJIM MUKPOCEKYHa Ha METp.

Pacnpoctpanenue ynpyrux BOJH B MOPOJAX COMPOBOXKIAECTCS MOCTENEHHBIM
YMEHBIIICHUEM HUX SHEPTUU BCICACTBUE (PU3HMUECKUX MPOIECCOB MOTJIOMICHUS, pacce-
SHUSI U TEOMETPUUECKOTO pacxoxaeHusd. [lokazarenem moTtepu 3HEPTUM BOJH B TOP-
HBIX MOPOJaX M3-3a YKa3aHHBIX IPOIIECCOB SBISIETCA KOA(POUITUEHT MOTJIOMIECHUS 0,
KOTOPBII ONpeIeNaeTcs] BRIPAXKECHUEM:

pe LA
AlA,
rae Ay 1 A, — aMIUTUTYAbl BOJIH, 3apETUCTPUPOBAHHBIC TPUEMHUKAMHU, PACTIOJIOKEH-
HbIMU Ha paccTossHuu AL (6a3bl 30H7a) APYT OT Apyra. ExuHunield nsMepeHus
Kod(pduLIeHTa TOTTOMICHUS CIYKUT ACIIUOENT Ha METP.

8.3. Ammmaparypa akyCTHUYECKOTO METOJIA

I[J'ISI CKBa’>XMHHBIX I/I3Mep€HHﬁ IMPUMCHACTCA CICAYIOIIasd allllapaTypa.

Tabmnura 8.1
TexHndecKue XapaKTepUCTUKN CKBAKWHHBIX PUOOPOB

JUTSL aKyCTUYECKUX HUCCIIEOBAaHUM

ITpubop | UsmepurensHbiii | Yactota | Macca, | Juamerp, | Anuna, | Pabowas | PaGouee W3mepsiemble
30H] n3JIydae- KT MM M TeMIlepa- | JaBJeHUeE, rapameTpsl
MBIX Typa, MIla
KoJIeOaHUH, o°c
k[ 11
CIIAK-4 | 1,0, 5U,1, 51T 28 95 80 5.3 150 100 At 1y, b, 0, Ag, Ay
CITIAK-6 | 1,0, 41,1, 2I1| 12.5; 24 75 90 3.5 120 80 To xe
CITAK-8 | 1,0, 41,1, 2I1| 12.5; 24 90 90 4.0 150 100 --/l--
AKH-1 |U,1, O 4, OIl 12 150 100 9.3 120 80 --/l--
n,0, 51,1, SII 30 150 100 4.5 120 80 -/~
AKL[-4* n2, 8I1 28 55 80 3.3 150 100 A, A AT
CAT-1 - 1000 110 100 34 120 60 dororpadus creH-
KU CKBAKUHBI

Ilpumeuarnue. Bee mpuOOphI MpeHa3HAYEHBI TSI Pa0OTHI ¢ TPEXIKHIIBHBIM Ka-
oenem: mpuoop AKII-4 — ¢ oqHOKMIBHBIM KabeIeM.
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[Tpu6opsr CITAK-4, CITAK-6, CITAK-8 u AKH-1 npenna3HadeHs! 115 UCCIie-
JOBaHUSI HEOOCAXKEHHBIX CKBaXMH. OHU COAEpPKAT TPEXDIEMEHTHBIN aKyCTUUECKUN
30H]I C IBYMSI U3ITy4aTeISIMU U OJHUM [IPUEMHHUKOM.

[Tpu6oper Tuna CITAK no3BosIOT U3MEpATh NPEUMYLIECTBEHHO XapaKTepu-
CTUKHU MPOJIOJIBHOM rOJIOBHOM BOJHBL: UHTepBalbHOE Bpemsi AT u saddextuBHOE 3a-
TyXaHHE 0 Ha 0a3e MEXIy ABYMS H3Iy4yaTeJsIMU, aMILTUTY bl Ay U A, 1 BpemeHa T
u T, pacnpocTpaHeHUs! BOJIHBI OT OJMXKHETO U TaJIbHEr0 U3TydaTesied K MPUeMHHUKY.

HuzkouacToTHbli ckBakuHHBIN ipubop AKH-1 umeeT 1yMHHBIE H3MEPUTEINb-
HBIE 30HIbI, YTO CIIOCOOCTBYET pa3/CNICHUIO MPOJIOJIBHONW U MONEPEUHON TOJIOBHOMN
BOJIH M X YBEPEHHOW PErHCTPaLlUU.

Axyctuueckuii nemenTomep AKII-4 BkimodaeT B ceOsl M3imydaTenab U MPUEM-
HHUK, PACIIOJIOKEHHBIE HA PACCTOSIHUU 2.8 M JIPYT OT JIpyra.

OcHoBy akyctuueckoro tenesusopa CAT-1 cocraBisieT BpallaroLIUiics BO-
KpPYT' CBOE€M OCH COBMELICHHBIN M3ITy4aTeNlb-IPUEMHHUK, CKAHUPYIOIINNA CTEHKY CKBa-
’KMHBI WA KOJOHHBL. AMIIIUTYAA A,p, OTPAXKEHHOTO MMILYJIECA ITO3BOJIAET CYIUTh O
TEXHUYECKOM COCTOSIHUM OTPa)KaroLEH CTEHKH: HAJIMYKUE TPEUIMH U MOPbIBOB 00Ca/I-
HOM KOJIOHHBI, KABEPH B IIOPOJIax ¥ I'PAaHHUIL IOPOJI Pa3IUYHOIO JIMTOJIOIMYECKOrO CO-
CTaBa B HEOOCA)KEHHON CKBa)KMHE.

B nanHoli naGoparopHoil paboTe NPUBOAUTCA OMMCAHWE H3MEPHUTEIBHOTO
nynsta AHK-M u ckBaxkunnoro npudopa CITAK-6.

Wsmepurensubiit ynsT AHK-M (puc. 8.1) coctout u3 Tpex OJ0KOB: ympasiie-

Hust bY, o6pabotku BO, nutanus BII. Kaxnaeiit CII umeert cBoit 6510k ynpasieHus. B
omoke ymnpasinenus mnpudopom CIIAK-6 dopmupoBareneii 3amycka wu3iIydarenen
®3U BbIpabaThIBaeTCs MOCIEAOBATENIBHOCTD PA3HOMOJIAPHBIX, CHHXPOHU3HUPOBAHHBIX

BK >
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Puc. 8.1. ®ynkunonaneHas cxema myinsta AHK-M
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gactoToit 400 't myckoBbix umnysbcoB WIT1 nepsoro u UI12 BToporo kanamnos (puc.
8.2, a), nepenaBaembix B CII mo Tperbeit xumne kabens. B pexxume mamepenuii mo
atoi xuite ot CII Takxke nogarotca cuaxpouMiyiibebl MC1 u UC2. OHu oTaenstoTcs
OT MYCKOBBIX UMITYJILCOB cxeMoi BUC BbIeNeHUS CHHXPOUMITYJILCOB U HAIPAaBIISI-
torcst B bO no kananam MC1, UC2 u nocne cmemenus ux — no kanany MC3. Un-
dbopmarnmonnsie curHaisl (puc. 8.2, 6) noctynatot u3 CII mo mepBoi U BTOpO# Ku-
JaM Kabessi, OTAEISAIOTCS OT MUTAIOIIETro HanpsbkeHus TpanchopmaTopom T, mpoxo-
AT akTuBHBIN GunbTp AD ¢ momocamu nponyckanus 15 — 45 u 8§ — 45 x['u, ymeHs-
maronui yposeHb nomex ot apuxeHus: CII B ckBaxune, u nopatorcs B bO. B pe-
xume kanuopoBku cxembl BUC u A® orkmouatores ot CII u Ha uX BXOABI 4yepes
nepexioyaTend S5 u S2 nocTynarT UMITYJIbChl CHHXPOHU3AIMU U curHalbl u3 bO.

JUtst nuctaHuMOHHOTO yrnpaBiaeHus: kodg¢uuuenrom ycunenus CII cmyxur
MCTOYHUK KannOpoBaHHbIX HanpspkeHuit UKH, moakimtouaeMblit k TpeTbel Kuie Ka-
oens mepexmouatenem S4. [lepexmodarenem S1 u3mensercs ¢a3a BXOJHOTO CHUTHA-
na Ha 180°, a nepexitoyatesnieM S3 Bitoyaetcs nutanue CII.

b
M L Ay e
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Tean ti/n tz/”-l

e A
_' ALCE

Puc. 8.2. Bpemennsie nuarpammsl padots! mynsta AHK-M
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B 6510ke 00paboTKu POPMUPYIOTCS UMIYILCHI 1) U 1, ITUTENHPHOCTD KOTOPHIX
IPOIOPIIMOHANIbHA BPEMEHH Ipo0era ynpyrux BOJIH OT OimxkHero t; U manmbHero tp
W3Jy4daTeed K MPUEMHHUKY; IMOJYYarOTCS HAIPSIKEHUS, NPONOPLUOHAIBHBIEC -
TEJIBLHOCTH ATUX UMITYJIbCOB M UX pa3HOCTH (At = t, — 1;); BeIIENsIOTCS U Tpeodpasy-
IOTCSl B IOCTOSIHHOE HAIPSKEHUE aMIUTATYAbI IPOJ0AbHBIX (Ap;, Apy) U TONEPEUHBIX
(Asy 1 Asy) BOJIH; TOJIYYArOTCS HAIpPSKEHUS, MPOMOPLHOHATIBHBIE 3aTyXaHUIO O
bopMHUPYIOTCS KaTMOPOBOYHBIC CUTHAIIBI M CHTHAJBI JJISI OCYIIECTBICHUS BU3yalh-
HOTO KOHTPOJIS 3a paboToi anmapatypsl. DopmMupoBaHue UMITyIbCoB t) u t, mpous-
BoaMTCA moouepenHo tpurrepamu Tpty u Tpt,. Haumnaercs dbopmupoBanue B Mo-
MEHT npuxona nmnyJibcoB cuaxponuzannu MC1, MC2 u 3akaHYMBaeTCs ¢ NPUXOJI0M
BTOPOT0 MOJIyIIEPHO/A MOJIE3HOTO curHaia (cM. puc. 8.2, 6 u 6, otmetka B). Bropoii
MOJIYTIEPUO/T BRIIENIIETCS oqHOMMeHHOM cxemoi BBII, koTtopas paboTaeT B ABYX pe-
KMMax. B mepBoM u3 curHana mocje OKOHYaHHs JEHCTBUSA MMITYJILCOB PYYHOH i, 5,
(puc. 8.2, 0) unmu ciuensment {6, (puc. 8.2, e) OJIOKMPOBOK OHA BBIJCIACT MEPBBII
MOJIOKUTENIbHBIN TTONYNEPUO, €CIM TOJBKO OH MPEBBICUT 3aJaHHBIA MMOPOTOBBIN
ypOBeHb. BOo BTOpOM pexuMe, IIPEeIHA3HAYCHHOM ISl ITOJABJIEHUSI TTIOMEXHU, IIPOsiB-
JIAIOLIEHCS B UEE PETYJISIPHO MPUCYTCTBYIOMIETO JIOKHOTO MEPBOTO MOJIOKUTEIBHO-
ro Mojynepuojaa (CM. MyHKTUP Ha puc. 8.2, 6, 8), MOJIOKUTEIbHBIN MOTYIIEPUO]T TIPO-
ITyCKAaEeTCsl HA BBIXOJI CXEMBbI TOJILKO B TOM CJIy4ae, €CJIU Mepel HUM UMEETCSl OTpHUlla-
TEJBHBIN Toynepuo. Takum 00pa3oM MPOU3BOAUTCS OTHUIBTPOBBIBAHUE JIOKHOTO
MTOTYTIEPUOIA.

Jlyist oBbIIeHUusT yecTouuBoCcTH pabotel BBII BX0omHO#M curHanm ycuimuBaercs
CXEMOW aBTOMAaTHUYECKOW peryinupoBku ycuieHus APY, obecneunBaronieii He0OIb-
I0€ U3MEHECHHUE CUTHAJIOB HA BBIXOJE YCWIMTENSA PU U3MEHEHUH HA BXOJE B IpeJie-
Jax AByX nopsakoB. Bmecre ¢ curnamom APY Ha ToT ke Bxon cucrtemsl BBII nona-
€TCSl MMITYJIbC, COOTBETCTBYIOIIMKA 3aJHeMy (POHTY HUMITyJIbca OJHOBHOpaTopa
TpI'B ruapoBoiHbl. JJIMTENTBHOCTh MOCIEIHETO HUMITYJIbCa BBIOMPAETCS HECKOJIBKO
OOJbIIIeH, YeM MaKCUMaJIbHO BO3MOKHOE BpeMs MPHUXOia MPOJOJIBLHON U Torepey-
HOW BOJIH, ¥ MO3TOMY OH HE MEIIAET MpueMy curHana. [Ipu oTCyTCTBUM WM CUJTb-
HOM 3aTyXaHMHU CUTHAJIOB MPOJOJBbHOW U MONEPEYHOM BOJIH MUMITYJIbC MPUXOJA TU-
POBOJIHBI 3aBepIiaeT GOopMHUPOBaAHUE UMITYJIHCOB t; U 1, UTO MO3BOSET COXPAHUTH
HOpMaJIbHBIN pexkuM ¢yHkimonupoanust bO. Cxema BBII 6nokupyercs mocryma-
IOIIMMU Ha HEE CUTHANAMU U, 5, WiH 1, 6, IMITyTIBCHI 1) 6, hOpMHPYIOTCS ONHOBHOpA-
topamu. 2T, s, ¥ Mo3BILAOT 3akpbiBaTh BBII Ha Bpems mpoxoxkaeHus No KaOemro
CUHXPOMMITYJIbCOB U COIYTCTBYIOIIMX MM IEPEXOJHBIX MpOIeccOB B Kabene. M-
MyJbCHI 1., 6, BRIpAaOATHIBAIOTCS cXeMoi cheasmmx 010kupoBok Cb, ymeHbmaromumx



38

JUTUTEJIbHOCTh UMITYJIbCOB 13 U t; B N pa3. Crnensias 0J0KUPOBKA TOMOTAET YMEHb-
IIUTh BIMSHUE CIIy4alHBIX IOMEX, TaK KaK BpeMs OTKpBITOro coctostnus BBII epen
npuxoAoM curHaia ymenbinaercs 1o 90 — 80 mMkc, a npu pydHOU OJIOKHUPOBKE OHO
MensieTcs ot 50 1o 900 mkc. Cnensinas OJIOKUPOBKA MOXKET OTKIIIOUATHCS WA pabo-
TaTh OJJHOBPEMEHHO C PYyYHOU OJIOKUPOBKOM.

[IpeoOpazoBanrie UMIYIbCOB t; U t; B IOCTOSIHHBIE HATTPSIAKEHUS IPOU3BOUTCS
O€3bIHEPIIMOHHBIMU TIPE0OPA30BATEISIMU JUIUTENLHOCT, — Hamnpsbkenue [IJIH1 wu
[1/TH2, a HanpskeHue, nponopuroHanbHoe At, cHuMaercs co cxembl BerunTanus CB.
Jlns komneHncanuu He wHGopMaTuBHOM yacTu At ot 0 mo 140 — 200 mMkc/M Mexay
Tpt, n [IJIH2 Bxmrouen komnencarop K/I, ymMeHpIaOmun JINTEIBHOCTh UMITYJIbCA
t, ma 50, 100 umm 200 Mkc.

[IpeobpazoBarensmu amrmutyaa — Hanpsbkenue [TAHT u ITAH2 ot Bcero myra
KoJe0aHuM OTIESIOTCS NEPBBIE TPU MEPUO/IA, AMIUIMTYAbI KOTOPBIX MPeoOpa3yroTcs
B nocTtosiHHbIe HamnpspkeHus Uay 1 Uap. YipaBienue npeodpazoBaTessMu TPOU3BO-
JUTCSL CII0KHOM KiroueBol cxemor CKil, HaunHaromeit pabotath OT 3aIHUX (PPOHTOB
UMITyJIbCOB t; 1 t,. Cxema oOecrieunBaeT qBa pexuMa OTHHPaHUs MpeoOdpa3zoBaTeeil:
MMITYJIbCOM MOCTOSIHHOM JUIMTEIBbHOCTH M MMITYJIBCOM, JUINTEIBHOCTh KOTOPOTO aB-
TOMAaTHYECKN YCTAaHABJIMBAETCS PABHOM ONPENEICHHOMY YUCIY IEPUOIOB BXOIHOIO
CUTHaja, HE3aBUCHUMO OT M3MEHEHHUs 4acToThl nocieanero. Hampsokenue U,, mpo-
MOPIMOHAIBLHOE 0, BbIpabaThIBaeTcs Jjorapudmuyeckum mnpeoodpazoBarenem JIII.
IIpn M3MepeHny aMILIMTYl U 3aTyXaHUs [TONEPEYHOM BOJHBI KiroueBas cxema CKi
HayMHAET padoTaTh OT 3aJHUX (POHTOB UMMYJILCOB t; U 1o, JIUTEIBHOCTH KOTOPBIX
yBenuueHa B K pa3 tpanchopmaropom miutensHoctu T/, aia yero nepexitodareb
S6 mepeBoauTcst Bo Bropoe nonoxenne. Koapdumuent K onpenensiercss oTHOMEHH-
€M CKOpOCTEH paclpoCTpaHeHHS MIONECPEYHON U IMPOI0IBHON BOJIH Vs/Up U HAXOAUTCS
B mipenenax 1.6 — 1.7 (puc. 8.2, o).

KanmuOpoBka BpeMEHHBIX M aMIUTUTYIHBIX KAHAJIOB IyJbTa MPOU3BOJUTCS
CUTHAJIaMH, aHAJOTUYHBIMU 10 (opMe noctynarommm u3 CII. Onu dpopmupyrorces
cxemoit CKC kannOpoBaHHBIX CHTHAJIOB, UMEIOT CTAOWJIbHYIO aMIUIUTYAy U TOYHO
M3BECTHYIO BEJIMYMHY 3aJIEPKKU MO OTHOIICHHIO K CHHXPOUMITYJIbCAM U MOAAIOTCA
Ha BUC u A® Onoxka ympasieHus: yepes nepexiatouarenu S5 u S2. KonTposnis 3a pa-
6oroit CII u BO Beaercs mo skpany ociuiorpada, Ha KOTOpbI yepe3 cxemy BH-
neokonTposisi CBK (rHe3no «Curu») 0JJHOBPEMEHHO MOJAI0TCS BOJHOBBIE KAPTHUHBI,
noctynatomue u3 CII, umnynbcHble METKU pyyHOUl A u ciexsieid b 610kupoBok u
MeTku B cpabateiBanus cxembl BBII (cMm. puc. 8.2, 6 u 6). BoiHOBbIE KapTHUHBI T10-
crynatoT u3 bY uepes VII, a metku — ¢ popmuponarens merok @M. Ha CBK gomnosn-

HUTCJIbHO IMOAAKOTCA NPAMOYTOJIbHBIC UMITYJIBCBI C KOMMYTAaTOpa KOM, C IIOMOIIIBIO
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KOTOPBIX CUTHAJBl JBYX KaHAaJOB CMEINAIOTCS 0 BEPTHKAIU JIPYr OTHOCUTEIBHO
Apyra. 3anyck pa3BepTKH ociuuiorpada npou3BoIUTCs ¢ KieMMbl « CHHXp» OAHO-
BUOpaTopoM 3aaepxku Tp.

B cxeme npenycMOTpeH BBIXOJ BOJHOBBIX KapThH ¢ YII uepes passem «BK».
bnox nutanus BII BeipabaTbiBaeT CTaOWIM3MPOBAHHBIE HANPSKEHUS ISl MUTAHUSA
CXEM IIyJIbTA.
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Puc. 8.3. Axyctuueckuii 3011 (@) ¥ QyHKIIMOHAIBbHAS CXeMa CKBaKHHHOTO
npubopa CITAK-6 (6)

CkBaXMHHBIN TTpuO0op akyctudeckoro kaporaxka CITAK-6 cocrout u3 repme-

TUYHOTO AJIEKTPOHHOTO OJi0Ka 1 1 n3mMepuTeabrHoro 3011a 3 (puc. 8.3, a), COUJIeHeH-
HBIX CBEYHBIM MOCTOM 2. DTOT MOCT 00€CIIeUnBaeT TepMETH3AIMIO CBEUYHBIX BBOIOB
C MOMOILBIO MAHXKEThI, 3AMIOJTHEHHOW KPEMHUHMOPTraHUYECKOU KUIKOCTBIO, U YCTpa-
HSIET B3aMMHOE BJIMSIHUE JIMHUW CBS3U U3JIy4yaTeJiel UM NMPUEMHHUKA C DJIEKTPOHHOU
cxemoil. I3mepuTenbHbI 30H] CONEPKUT Ba U3TydyaTes YyNpyrux KojaedaHuit 5 u
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8, HaOpaHHBIX U3 IJIACTUH NEPMEHI0pA, U chepuyecKkuil Mbe30KepaMUYECKuil Mpu-
emMHHUK 14. M3nydyarenu npeacTaBisioT coOoi aBa Kojblia BeICOTOM 20 MM ¢ oOmiei
00OMOTKOHM B popME BOCBMEPKH, YTO 00ECIEYMBAET KOMIIEHCAIIMIO CYMMApHOTO 3JIEK-
TPOMArHUTHOIO IIOJISI M3Jy4daTeslel M MCKII0YAeT MX B3aWMHOE BIIMSHHUE JIPyT Ha
apyra. Ot Bo3aeiicteusa [DK oHM 3aliMIeHbl TOHKOCTEHHBIMU METAJUIMYECKUMU 11U~
JUHAPaMH 6, & OT KPEMHUHOPTraHUYECKON KUIKOCTU — PE3NHOBOM MaHkeTou 4. U3-
Jy4aTeNd pa3AesieHbl 3BYKOU30JISTOPOM 7; OT IPUEMHHUKA OHU OTJIEJIEHBI OCHOBHBIMU
3ByKomsossaTopaMu 9 u 10, Ha3HaYEeHHE KOTOPBIX — IOJABJICHUE IIPSAMOW BOJIHBI 10
koprycy CII. BepxHuil 3ByKOU30ITOP 9 BBINOIHEH U3 IBYX METAUIMUECKUX TPYO ¢
MPOPE3SIMHA, MPOCTPAHCTBO MEXKAY KOTOPBIMH 3allOJIHEHO pPE3WHOW; HIKHHM 10
HaOpaH U3 00OPE3UHEHHBIX METAINIMUECKUX II1aio0.

[IpueMHO-yCUIUTENbHBINA OJIOK pacnoliokeH B HbkHel yactu CII BHYTpHu He-
cymero kopmyca 12. Ha ronoBke 16 6510ka ycTaHOBJIEH pe3WHOBBIN amoptusatop 11,
YMEHBIIAKIIMNA YPOBEHb MIYMOB OT yaapoB CII o CTeHKH CKBa)KMHBI, 2 HA HEM MPH-
eMHUK 14. Yrpyrue kone6aHusi MOCTynarT K IPUEMHHUKY Yepe3 OTBEPCTHS B KOpPIY-
ce 12; or BozgercTBus DK mpueMHUMK 3allMIEH PE3MHOBBIM KOMIIEHCATOPOM 135.
JUIs1 yMEHBIIEHHs HABOJOK Ha IPOBOJA NMpUEeMHHUKa OT cuioBbIx nened CII npume-
HEH NpPEABAapUTENbHBIN yCUIUTEND 13; repmeTnsanus NOJIOCTH YCHINTEN AOCTUIa-
€TCs C IOMOLIBIO CTAaHJAPTHBIX CBEYHBIX BBOJIOB.

Yepenyronyecs: no MOJISIPHOCTU MyCKOBbIE UMIYJbCHI (puc. 8.3, 6), mocTymna-
rourue B CII mo tpetbeit sxuie kadens ¢ uarepBaioM 40 Mc, BBLACIAIOTCA PUIBTPOM
CI1TI1 n HOpMaNU3yIOTCS MO JUIUTEIBHOCTH U aMILUIUTYAE aMIUTUTYIHBIMU OTPaHUYU-
termsiMu OA1 u OA2. N3-3a HeCOBEPILIEHCTBA JIMHUN NIEpEAayll CUTHAJIIOB UMITYJIbChI
Ha Bbixomax OAl n OA2 conpoBOKIAOTCSA UMITYJIBCAMHA ITPOTHUBONOJIOKHOMN MOJISAP-
HOCTHU, KOTOphle HapymatoT padoty CII. [{ns ux uckitoueHus: BBeJeHa cXxeMa, COCTO-
amas u3 cmecutenss CM, onnoBuOpaTopa Tpl u 1ByX BpeMmeHHbIx cesnekTopoB CB1 u
CB2. Cenektopsl 3anupatorcs Ha 4 MC UMIYJILCOM ofHOBHOpaTopa Tpl, KoTOpHIit
cpabaTbIiBaeT OT 3aJHEro (ppoHTa MEpPBOro MOJYNEPHOJA IYCKOBBIX HMITYJIbCOB,
npomeamux OAl u OA2 u cmecutens CM. C nomomisto TpurrepoB Tp2 u Tp3 ¢
JIBYMSI YCTOMUYMBBIMUA COCTOSTHUSIMU ITYCKOBBIE€ UMITYJIbChI 33JI€P>KUBAIOTCS BO BpeMe-
HU M COBMEUIAKOTCA C MOMEHTOM IEPEX0/ia MUTAKUIETO HAIpPSDHKEHUS OT OTpHIIa-
TEJILHOTO K MOJIOKUTEIbHOMY moJiynepuony. Kaxkaplid Tpurrep nepeBoguTcs B CO-
crostaue «0» mMmynbcamu ¢ BoixonoB CBl wim CB2 u Bo3Bpamaercss B COCTOSIHUE
«1» dopmupoarenem dopm, cpabaTbIBaOIIUM OT TOJIOKHUTEILHOIO (PpOHTA MUTA-
IOIIEeT0 HampspKkeHus. 3agaue GpoHTsl uMitybcoB Tp2 u Tp3 ycunuBaroTcs mo Moui-
HocTH ycunurtelsiMu YM1 nu YM2 u noodepenHo 3amyckaroT FreHepaTopbl TOKOBBIX
umnyibcoB 'l u I'2. IIpu ornupanuu tupuctopoB B reHepatopax I'l u I'2. Ilpu ot-
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NUpaHUM TUPUCTOPOB B reHeparopax 'l u ['2 yepe3 oOMOTKM U3Iy4aTesner npoxo-
JTUT UMITYJIBC TOKA, CO3AOIMINN MarHUTHOE I10JI€, IO JEUCTBUEM KOTOPOTrO M3JIyda-
TeJb U3MEHSIET CBOM pa3mMepsl, co3aanas B [DK u ropuoil mopojae ynpyrue xoneda-
HUSL.

VYrpyrue konebanusi, NpuIIeANIne K MIPUEMHUKY, TPeoOpa3yoTcs MOCIeIHUM
B DJIEKTPUYECKUE CUTHAIIBI, KOTOPHIE YCUIIMBAIOTCS MPEABAPUTEIBHBIM YCUIUTEIEM
VII, a Takke ycunutesnem MoiHocTH Y M3, u uepe3 Tpanchopmatop T2 nepenarorcs
Ha MOBEPXHOCTh MO MEPBOW M BTOPOH KuinaMm kabens. Koagduiment ycunenus cur-
HanoB B CII u3mensiercs B 10 pa3 mepexmntouarenem IIY, ymnpaBisiembIM ¢ myJibTa
AHK-M. HayanoMm orcueTa BpeMeHH MpoOera yrnpyrux BOJIH OT U3JTydaree K Mpu-
E€MHHUKY CIY>KUT CUHXPOUMITYJIbC, CHUMaeMbIii ¢ oomieit 1y I'l u ['2 paspsaaHoi em-
kocth. Yepe3 kongeHcarop C2 oH nojaaetcs B TpeThio xmity kabdens. Cxema CII nu-
Taercd oT ucroyHuka YI'-1 mepemenHsiM TokoM vactoToil 400 I', cHUMaeMbIM €O
CpEIHETO BBIBOJA NIEPBUYHONM 0OMOTKH TpaHchopmaTopa T2.

8.4. Mutepnperanusa quarpamMm AM

Ha nuarpammax AM muiactsl ¢ aHOMaJIbHBIMH YIIPYTHUMH CBOWCTBAMM BBIJE-
JSAFOTCS CUMMETPUYHBIMA aHOMAJIMAMH OTHOCHUTEIIBHO CEPEAMHBI IIacTa. ['paHuibl
IJIACTOB JIFOOOW TOJILUHBI ONPENEISAIOT [0 TOYKaM, CMEUIeHHbIM B KpoBiie Ha 0.5 Al
BHM3 U B nojgomse Ha 0.5 Al BBepx OT ypOBHsI IOKa3aHNWK BO BMEIIAIOIINX ITOPOAAX.

B o6mem ciygae B Iutacrax
6 . 0> Al AT, mKe/m
OJIBUION TOJIIMHEL ( ) 150 25 350 150 250 50 150 250 350 150 250 350
L | 1

I'panugaM COOTBCTCTBYIOT TOY-

KM, TJI€ OTKJIIOHCHUSI PETUCTPHU- h=28L fesiial =By
PYEMBIX MapamMeTpoOB OT 3HAYE- | syles

HHU BO BMEIIAIOIINX MOPOJAX - ‘er

COOTBETCTBYIOT ITOJIOBUHE MakK- 1

CUMAJIbHOW aMIUIMTY/bI (pHUC. <N

8.4). T

MaxkcumanbHble  3HaYe- |
Hus Ty, Ty, AT (umu Aq, Ay, o) P =L

MPOTUB CEpPEIUHBI IIacTa CO-

OTBCTCTBYIOT HMCTUHHBIM BCJIN-

ypHaMm, eciid H > AL. B mmacrax .
Puc. 8.4 Teoperuueckue GOpMbI aHOMAIUH U OTIPEEIICHHE

MaJIOM TOJIIIHUHBI (H < A{i) 3a- TpaHMI] IIJIACTOB 110 JUarpaMMaM aKkyCTHYECKOTO 30H/a.
PETMCTPHPOBAHHBIE  3HAYEHHS AL) = L, — L; — paccrosiHre Mexay nprueMHuKamu (0a3a 30H-
Ia

3aHMI)KCHBI 110 CPABHCHUIO C MC-
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TUHHBIMH (puc. 8.4).

Ha ocHoBaHWYM yKa3aHHBIX MU3MEPEHHBIX BEIUYHH PEIIAIOT T€ WJIM WHBIC T'eO-
JIOTUYECKHUE UM TEXHUUYECKHe 3anaun. B manHoi pabore paccmaTpuBaeTcsi onpese-
neHue KodhpuIreHTa MOpUCTOCTH, VIS YETO UCTIONB3YIOTCS 3HAUYCHUS HHTEPBAILHO-
ro Bpemenu AT.

8.5. OnpenesieHue NOPUCTOCTH

B ocHOBy ornpezenenns MOpUCTOCTHU MOJIOKEHO YPaBHEHUE
AT = (1 - K,) AT+ K, ATy,
rne AT u AT, — uHTEpBaJIbHOE BpeMsl IpoOera BOJIHBI B MUHEPAJIBHOM CKEJIETE U
KUIKOCTH;
K — ko3ddunmenT nopucTocTu.
Pemas nanHoe ypaBHeHue oTHOCUTENBHO Ki;, momydnm:
_ AT AT,
" AT, —AT,,
Bemnunna AT omnpenensercs MHHEPAIBHBIM COCTaBOM CKEJIETa IOPOIBI
(Tabm. 8.2).

Tabmuma 8.2
3naueHust AT HEKOTOPBIX MUHEPAJIOB
Munepan AT, MKC/M Munepan AT, MKC/M
Ksapit 164 AHTHIPUT 164
[Tonesoii mmar 170 [Muric 172
Cnronmr 178 KameHnnas conb 208-230
Kanpuut 155 Jonomut 142

Onnako AT WIS KaKI0W COBOKYIMHOCTH MOPOJ CIEAYET ONMPEAECIATh SKCIIe-
puUMeHTaIbHO. J[J1s 3THX 11e5el MOKeT ObITh UCTOIB30BaH TpauK 3aBUCUMOCTU MH-
TepBasibHOTO BpeMeHu AT ot koaddurmenta nopuctoctu (puc. 8.5).

Bpemenu AT, 6yner coorBerctBoBaTh AT mpu HyneBom 3HaueHUH K.

3nauenue AT, 3aBUCUT OT cocTaBa (hJrouaa, 3aMOJHSIIONIETO TOPhI, U €T0 Tep-
MOJMHaMH4eCKOro coctosinusi. Benmuunny AT, s 3alaHHBIX 3HAYEHUH MUHEPAIH-
3alldM BOJIbI B TTOpax, TEMIEPATypPhl U JABJICHUS B IJIACTE MOKHO OMPEAETUTH 1O Ta-
netke (puc. 8.6).

YpaBHEHHUE YIOBIETBOPUTEIBHO ONHUCHIBAET cBA3b Mexay AT u K, nns nopon

¢ Mexk3epHoBoi nopuctocThio pu K< 20+30% u C.,= 5+10%, ecau mopsl 3amnoJjiHe-
2
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HBI BOJIOW M >pdeKkTuBHOE naBieHue P,y >
AT, wielm 400 Kre/cm. P.,,=P; - Py, rne P, u P, — co-
/ OTBETCTBEHHO TOPHOE W IIACTOBOE JaBJie-
1 HUS.

300 L | Haubosee HamexXHbIE pe3yIbTaThI

/ 3 onpenenennit K, mo nuarpammam AT mo-
/ JYy4aroTCAd TPU HCIOJIB30BAaHUU DKCIIEPHU-

200 .
MEHTAJIBHBIX NETPOPU3NYECKUX  CBA3EH

Mexay AT u K, HalilcHHBIX Ha MpeJncTa-

100 BUTEJIbHOM KOJUICKIIMU 00pa3lioB M3 JaH-
0 10 20 30 K“, %

HOT'O TCOJIOTHYCCKOIO O6’beKTa, HnCCJICa0-

BAaHHBIX Ha CHCIII/IaJIBHOﬁ YCTAaHOBKC C BO3-
Puc.8.5 3aBucumocTy HHTEPBAILHOTO BPEMEHU

AT ot ko3 duumenta nopucroctn K, mis mec-  ACUCTBUEM 3(p(CKTUBHOTO IABICHUS H

4aHUKOB (1), u3BECTHAKOB (2) U 1010MHUTOB (3) TEMIIEPATYPhl, BOCIPOU3BOAALIMX ILIACTO-
IIpU aTMOC(EPHBIX YCIOBHIX
BbIC YCIIOBUSI.

8.6. [Topsanok BEIMOJIHEHUS DAOOTHI

1. Beigensror mnactel. HaxoaaT X KPOBIIIO U MOJIOIIBY.

2. OrcuntsiBatoT 3HaueHus AT. Eciau miiact oqHOPOAHBIN, TO OTCYNUTHIBAOTCS
AKCTpEMaJIbHbIE MTOKa3aHus. Eciu ke miacT HeIOCTaTOYHO OJHOPOJIHBIH, 11€51ec000-
pa3Hee HaXOAUTh CPEHNUE WM CPEAHEB3BEIICHHBIE 3HaUeHus AT.

3. Haxonsar AT u AT, no rpaduky (puc. 8.5) u nanetke (puc. 8.6).

4. PaccunThIBaIOT IO YPAaBHEHUIO BENUYUHBI K.

U M/e
I? 0 Ar,,(:MKC/n
1800 550
1700 i}
600
1600
1650
1500
| 00
7400 |
1 1 1 L ! L
g 40 80 120 760 t,°C 0 20 40 60 ,aaw'nﬂd

Puc. 8.6 [TaneTka a5 onpeneneHus UHTEPBAIBHOTO BpeMeHU ATy, CKOPOCTH Vy MpHU 3aJaHHBIX MUHEpaIU3a-
mnu C,, nainennu P,y, Temneparype t (pacrsop NaCl)
udp xpuBbix — C, B /1
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8.7. OTYETHOCTH

PCBYJIBTEITBI onpez[eneHHﬁ MMpCACTABIAIOTCA B BUAC OTYCTA, B KOTOPOM KPAaTKO
N3J1IaratOTCA OCHOBBI TCOPUH, ITOPAIOK OIMPCACICHUA ITOPUCTOCTH U ITOJIYYCHHBIC pPC-

3yJbTaTHI.

CHOucoK JIuTepaTyphl

1. Benpenwsmreiin B.1O., Pe3panoB P.A. ['eodusnueckue MeTonl ornpesesne-
HUS NapaMeTpoB Herera3oBbix kosuiekTopoB. M.: Henpa, 1978.

2. VnaTepnperarus pe3ynbTaTOB reoU3nUecKuX HUCCIeOBaHUM HEe(PTIHBIX U
ra3oBbix ckBaxkuH: CropaBounuk / I[log pen. B.M. JloOpeiHuHa. — M.:
Henpa, 1988.

3. JlareimoBa M.I'. TlpakTtuueckoe pyKOBOJCTBO IO HMHTEPHpPETAIUU JHa-
rpamMM reou3nYecKuX METOI0B HCCiea0oBaHus ckBakuH. M.: Henpa, 1981,
1991.

4. Tlomepaunn JI.LU., benokous JI.B., Kozsp B.®. Annaparypa u o6opymoBa-
HUe reopU3nYECKUX METOJIOB UcciieioBaHus ckBaxxuH. M.: Henpa, 1985.

JlabopaTtopHas paborta Ne 9
NHKJINHOMETPUSA

9.1. Ilens pabOTHI

[enpro nanHOM 1abopaTopHOM pabOTHI ABISAETCS 03HAKOMIICHHUE C Ha3HAYCHU-
€M, NPUHLHUIIOM JCUCTBUS, YCTPOMCTBOM M NMPUMEHSIEMBbIMU THUIIAMUA WUHKJIMHOMET-
pOB, crioco0aMu U300pakKeHUsT PE3yIbTaTOB U3MEPEHUS UCKPUBJICHUSI CKBAXKUH - TI0-

CTPOCHUCM MHKJIIMHOI'PAMM.

9.2. OCHOBBI HTHKJINHOMETPHUH

OOBIYHO CKBaXKMHBI MPOEKTUPYIOT BEPTHKATBHBIMH, OJHAKO B PSJIe CIy4yacB
OypAT HAKJIOHHbIE CKBAKMHBI C 3apaHEe 3a/IaHHBIMHU HAIPABJICHUSIMU U yTJIAMH OT-
KJIIOHEHUSI OT BepTHKaiIu. llenpio HAaKIIOHHOHAMPABICHHOTO OypeHUs SIBISETCS J0-
CTH)KCHUE HAMEYEHHOW B HEJpax 3€MJIM TOUYKH, MPOCKIHS KOTOPOM HA JHEBHYIO I1O-
BEPXHOCTbh CMENIEHA OTHOCUTEIBHO YCThSI CKBAXKUHBI.

[To psly T€OJIOTUUECKUX U TEXHOJOTMYECKUX MPUUYUH CKBAKUHBI OTKJIOHSIOT-
CAd OT HaMEYEHHOr0 MPOECKTOM HANpPaBJICHUS: BEPTUKAJIbHASI CKBAXXUHA OTXOIUT OT

BCPTHKAIM, 4 HAKIIOHHOHAIIPABJICHHAA — OT HAMCUYCHHOI'O OT HEC ITOJOXKCHMA. Or-
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KJIOHEHHE OCH CKBaKHMHBI OT 3aJaHHOIO HAIIPABJICHHWS HA3bIBAETCS WCKPUBICHHUEM
CKBa)KHHBI.

B mpouiecce Oypenns HE0OX0AMMO MEPUOJUUYECKH KOHTPOIMPOBATH IOJIOXKE-
HUE OCH CKBaKMHBI B IPOCTPAHCTBE — ONPENEIIATh €€ UCKPUBIICHHUE.

JlanHbpie 00 MCKPUBJICHUU CKBAXXMHBI HEOOXOAMMBI MpU OypeHUH SKCILTyaTa-
LMOHHBIX, a TAKXE U Pa3BEIOYHBIX CKBAXKHH, TaK KaK 3HAUYUTEIbHOE CMEILEHUE OCH
CKBaXKUHBI OT BEPTUKAJIM WIHM 33JJaHHOTO HANPaBJIEHUS U PE3KUE U3MEHEHHUS €€ IO0-
JIO’)KEHUS! B TIPOCTPAHCTBE MPUBOIUT K 3aTPYAHECHUSAM IIPH CIIyCKE OYPHIBHBIX TPYO
Wi 00CaHON KOJIOHHBI, K YCHJIIGHHOMY M3HOCY OypOBOIO MHCTPYMEHTA U K CMellie-
HUIO TOYEK BCKPBITHUS MJIACTOB OT MPOEKTHBIX MOJIOKEHHIA.

B cnyyae 3HaYMTENBHOTO OTKJIOHEHUS OCHU CKBAXKHHBI OT MPOEKTHOTO MPOU3-
BOJSIT UCIIPABJICHUE UM TIEpeOypUBaHUE CTBOJIA CKBAXKUHBI.

JlanHble 00 MCKPHUBJIEHUU CKBaXXUH HEOOXOIUMBI TaKkKe MPH T'€O0JIOrMUECKUX
MOCTpOEHUsAIX. be3 BBeeHUsI MONPAaBOK HA UCKPUBJIEHUE CKBAXKUH HEIb3s MOJIYyUUTh
IIPaBUJILHOE MPEICTABICHUE O FE€OJIOTMYECKOM CTPOCHUH palioHa.

[TonoxeHue ocu CKBaXXKMHBI B IIPOCTPAHCTBE HA KaKON-MHOO riayOuHe orpese-
JSETCSl YIJIOM HCKPUBJIEHUS O — OTKJIOHEHHWEM OCH CKBAKMHBI OT BEPTHKAIH U
HaIlpaBJICHUEM HCKPUBJIEHUS — JAMPEKIIMOHHBIM YIJIOM 0O MEXIY TOPHU30HTaJIbHOM
IIPOCKIMEN 3JIEMEHTAa OCH CKBAKMHBI M CEBEPHBIM KOHILIOM OCEBOTO MEpHUAHUaHa.
BMmecTo TMpEeKIMOHHOTO yriia HHOT/IA MOJIb3YIOTCS MOIYyYaeMbIM HENOCPEICTBEHHO B
pe3ynbTaTe U3MEPEHN MarHUTHBIM a3UMYTOM MCKPHUBJIEHUS () — YTIIOM, OTCUUTHIBA-
€MBIM 10 XOJy YaCOBOM CTpEIKM MEXAY HallpaBJIC€HUEM Ha MarHUTHBIA CEBEp W Tro-

PU30HTAIIBHON IPOEKIIMEN OCH CKBAXKUHBI.

9.3. Anmmaparypa ¥ 000pyI0BaHUE

JIns u3MepeHus: UCKPUBJIICHUSI CKBAXKUH MPUMEHSIOTCS TPUOOPHI, UMEHYEMBbIEC
MHKJIMHOMETpaMU. B 3aBUCUMOCTH OT CUCTEMBI U3MEPEHUSI MHKIMHOMETPHBI MMOJapa3-
JEJSIOTCS. HA TP TPYIIIIHL.

[lepBas rpynma oObeAWHSIET TPUOOPHI, B KOTOPBIX JJISI U3MEPEHUST a3uMyTa
CIIY>KUT MarHUTHas cTpeska (0yccoiib), a JaTYUKOM yIuia siBsieTcs orBec. [lokazanus
JATYUKOB C MTOMOIIBIO TPATYUPOBAHHBIX COMPOTUBICHUH (IMTOTEHIIMOMETPOB) TIPEOO-
pa3yloTcs B AJIEKTPUUECKUE CUTHAJIBI M MO JKHWiie Kabels nepefaroTcs Ha MOBepX-
HOCTb (MHKJIMHOMETP Ha CONPOTUBJICHUSX ).

Bo BTopyto rpymiy BXoasaT (pOTOMHKIMHOMETPHI. B kadecTBe ykazarelns azu-
MyTa B HUX CIIYXHUT OyCCOJIb, yKa3zarTens yria — cheprudecKkoe CTEKIO ¢ HAaHECEHHOM
CETKOM YIJIOB HAaKJIOHA W IIApUK, CBOOOJHO TMEepeMEIAIOIIUICs M0 3ToM chepude-
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CKOIl NMOBEpPXHOCTU. Perucrpanusi ocyniecTBiseTcss B CKBaKUHHOM IpUOOpe MyTeM
doTtorpadupoBaHus MOKa3aHUN JaTYNKA HA KHHOIUICHKY.

Tperbio Ipynmy COCTaBISAIOT TMPOCKONMYECKHE MHKIMHOMETPHL. B kauecTBe
JaTYMKA a3UMYyTa B HUX UCIOJIB3YIOT TUPOCKOII, KOTOPBIM MPU BPALIEHUU COXPaHSET
3aJJaHHOE HalpaBJICHUE OCH B MPOCTPAHCTBE. J[aTUMKOM yTriia UCKPUBJIEHMS CILYKUT
oTBecC. MI3MepeHus BBINOJIHSAIOT HEMPEPBHIBHO MO CTBOJIY CKBAKHHBI.

[TpuGopamu, B KOTOPBIX JATYUKOM a3UMyTa CIIY)KUT OyCCOJIb, U3MEPEHUS a3U-
MyTa MOKHO MPOU3BOJUTH TOJIBKO B OTKPBITOM CTBOJIE CKBa)XHMHBI. I Mpockonuue-
CKHE€ MHKIMHOMETpPBI MO3BOJIAIOT U3MEPSTh a3UMYT B CKBa)XKMHAX, OOCa)KEHHBIX Me-
TaJUIMYECKOW KOJIOHHOM, a TakKe B pa3pe3ax, B KOTOPBIX €CTECTBEHHOE MATrHUTHOE
noJie 3eMJIM AaHOMaJIbHO UCKa)KEHO MarHUTHBIMHU MOJISIMU.

B mpaktuke reosnoropasBeoyHbIX paOOT Ha HE(PTH W ra3 Hanbosee MUPOKO
IIPUMEHSIOTCS MHKJIMHOMETPBI C JUCTAHLIMOHHBIM AJIEKTPHUYECKUM H3MEPEHHUEM, B
KOTOPBIX JaTYMKaMU CIYy>KaT TpalydpOBaHHBIE SJIEKTPUUYECKHUE CONMpOTHBICHHS. K
TakuM npudopam otHocsATca uHkIuHOMeTpsl UT-200, U-7, KUT, KUTA. Bce onu
pa3IMYaroTCs JIMIIb KOHCTPYKTUBHBIMU OCOOCHHOCTSIMU; MPUHLIMII K€ JIEUCTBHS UX
COXpaHseTcs Hen3MeHHbIM. B Tabnuie 9.1 npuBoasTcs TEXHUKO-3KCIUTyaTallMOHHBIE
XapaKTEPUCTHKU TaKUX UHKIMHOMETPOB. B naHHO mabopaTopHOil paboTe onuchiBa-
€TCsl IPUHLIMUN JACUCTBUSA MHKIMHOMETPOB C JTUCTAHIIMOHHBIM 3JIEKTPUYECKUM H3MeE-
peanem KUT.

Tabmuna 9.1
TexXHUKO-3KCIUTyaTallhOHHbIE XapaKTEPUCTUKHA NHKIMHOMETPOB

[Tpubop | Auanazon | Homyctumas mo- | Juamazon | Jomyctumas | ua- | [lpenens- | Ilpe-
U3Mepe- | FPEIIHOCTh U3Me- | U3MEPEHUs |[IOTPEIIHOCTh| METP |Has TeMIle-| JeIbHOE
HUA a3U- | PEHUsS a3uMyTa | yrjauc- | u3MepeHus | mnpu- | parypa, K| nmasme-
MyTa CKB)KUHBI (IpU | KPUBJICHHS | yIia UCKpUB-| Oopa, Hue, Mlla
CKBa)XH- |yTJIe UCKPUBJICHUS| CKBAXKUHBI, | JICHUS CKBa- | MM
HBI, Tpa- |HE MEHee 30), rpa-| Tpaaychl |XKUHBI, Tpaay-
JTyChI JTyChI CBI
KUT 0-360 +4 0-50 +0.5 60 473 64
KUTA 0-360 +4 0-50 +0.5 74 473 120
HUA-1 | 0-360 +4 0-50 +0.5 100 400 100
NHI1-721| 0-360 +4 0-100 +0.5 73 423 60

Nuxnunomerp KUT cocrout u3 CII ¢ yanuHuTENeM M HAa3€MHOTO U3MEpH-

tenbHOro myiasTa. Koxxyx CII u3rotoBiieH W3 HEMarHUTHOTO alFOMUHUEBOTO CIIaBa
Y 3aKaHYMBACTCS CBEPXY CTaHIAPTHOU MPUOOPHOI TOJOBKOM, a CHU3Y - MEPEBOHU-
KOM JIJIs1 KPETUICHUS yIJTUHUTES.

OCHOBHOI 4aCThIO UHKJIMHOMETpA SIBISIETCS U3MEpUTEIbHas pamka (puc. 9.1),

HECYIIasl yKa3aTeau yrjla U a3uMyTa UCKPUBIICHUS! CKBaXUHbI. OCh BpaILICHUSI pAMKH
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coBMaJaeT ¢ npoaoiabHou ochto ClI, mapamienbHOM ocu ckBakuHbI. LleHTp TshkecTn
PaMKH CMEIIEH C €€ OCU 3KCUEHTPUYHO PACIIONIOKEHHBIM Ipy30M 18 Tak, 4To pamka
BCEr/la yCTaHABIMBAECTCS MEPIEHAUKYIISIPHO K INIOCKOCTH UCKPUBJIEHUS CKBAYKUHBI.

a [

=
o )

19
o 12 N
) ]
3 ST ,J
& 14 §
15
&
6
() {6
17
T, 0 O]

7— r

O i

= %a%%

Puc. 9.1. Uzmeputenbuas pamka uaknuHoMmerpa KUT:
a — TUIOCKOCTh PaMKH MEPIEeHANKYIISIPHA TUIOCKOCTH YepTexa;
0 — IUIOCKOCTh PAMKH COBIIAIa€T € TNIOCKOCTBIO YePTexKa

VYkazarenem a3uMyTa CIIy>KUT O0yccoJlb, COCTOSIIAs U3 MAarHUTHOW CTpesku 14,
BpAILlAaOIIENC HA MOABMXXHOM ocu 16, M miactmMaccoBoro kopmyca 5, B KOTOPOM
CMOHTHPOBAHbI KOJBIEBOW peoxopll 4 U TokocheMHOe koJblo 3. Kopmyc Oycconu
YKpEIUIEH B paMKe Ha JABYyX mosyocsax 20, Omarojgapsi 4eMy OChb CTPEIKU TOA JeH-
CTBHEM Tpy3a 6 Bcerja 3aHMMaeT BEPTUKAJIbHOE MOJIOKeHHE. MarHuTHas cTpelika
3aKperuieHa Ha KoJjmayke 12 ¢ araToBbIM MOJAIIMITHUKOM, KOTOPBIA Haca)keH Ha
octpue 13 moaBmxkHOM ocu 16. Ctpenka cHabkeHa M30JMPOBAHHBIMU OT HEE MpPY-
KUHHBIMH
KOHTAaKTaMH 15, KOTOpble MIPU CMEIIEHUH BHU3 OCH 16 BMeCTE CO CTPEIKOW COeqU-
HSIOT PEOXOpP/ C TOKOBBIM KOJBIIOM. BbIBOJIaMU peoxop/ia U TOKOChEMHOI'0 KOJIbLa
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ciyxaT TuOkue mpoBOJHUKH 21. Pa3pbIB KOJBILIEBOIO peoxopaa HaXOAMUTCS B IJIOC-
KOCTH, NEPHEHAUKYISPHON K IUIOCKOCTAM PAaMKH M WCKPUBIICHMS CKBaXXHHBI. [lo-
ATOMY YTOJl MEXAY CEBEPHBIM KOHIIOM MAarHUTHOM CTPEIKH U Pa3pblBOM peoxopaa
PaBEH MAarHMTHOMY a3UMyTy @, a COIPOTUBIICHHE BKIIOYEHHOM YacTHU peoxopaa
IPONOPLUHUOHAIIEHO TOMY a3UMYTY.

VYkazarenb yriia HakKJIoHa COCTOUT U3 OTBeca 7 CO CTPEJIKOW 8 U yrjaoBOro pe-
oxopaa 10. IImockocTe KayaHHsI OTBECAa Ha OCH 23 MEPHEHAUKYISPHA K IUIOCKOCTH
PaMKH U COBIAAAET C IJIOCKOCTHIO UCKPUBIIEHUS CKBAKHUHBIL. [Ipn n3MepeHnsIX KOHew
CTPEJIKU 8 MPUKUMAETCS K PEOXOpAy IAyKKOW 9, ciyxkalled TOKOChEMHOW HIMHOM.
Bxurouaemoe mpu 3TOM COMPOTUBIICHUE PEOXOpa MPOMOPLHOHAIBHO YTITY 0.

[TonoxeHnue MarHUTHOM CTPENKU BO BpEMsl OTcueTa IMoKa3aHui (hUKcupyercs
MEXaHU3MOM, COCTOSIIMM M3 HAaXMMHOI'O Kojbpla 11, BO3BpaTHBIX NPYKHUH 2, ABYX
Tonkateneit 19, moBonka 22, nyroo6pa3Hoil npykunbl 24 u MydTOUKHu 26, CUEIIICH-
HOM ¢ nyxkoi 9. Ilox Bo3aencTBHEM NEPEKIIIOYATENS] HHKIIMHOMETPA TOJIKaTenu 19
cMmerarTes BHU3. [Ipu 3ToM OBOJOK 22, OTKIIOHSISI KHU3Y JyrooOpa3Hbli pbryar 17,
OTTSTUBAET MOANPYKMHEHHYIO OCh Oyccoiid, oOecneurBasi MPUKUM KOHTAKTHBIX
NpPYXUH MarHUTHOM CTPENIKU K PEOXOPAY U TOKOCBEMHOMY KoJiblly Oycconu. OnHo-
BPEMEHHO KYJIadoK 25 0CBOOOXKIAeT MpYyKUHY 24, KOTopas nepeMeiaeT MyQpTouKy
26, a BMeCTE ¢ HEl U Iy XKKY 9, IPH>KMMAIOIIYI0 CTPEJIKY ITOABECA K PEOXOPY yIJIa.

Ha BepxHeM KOHIIE paMKH UMEETCSI KOJUIEKTOP 1 ¢ TpeMsI KOHTAaKTHBIMU KOJIb-
LIaMH, C KOTOPBIMHA COEIMHEHBI BBIBOJBI PEOXOPAOB a3uMyTa U yria. Pamka Bpana-
€TCS Ha JIBYX IOJIyOCSIX B JIOPAJIEBOM CTAKaHE, YKPEIUIEHHOM B HIkHeN yactu CII.
Jnis neMndupoBaHUs U3MEPUTEIBHOW CHCTEMbl BHYTPEHHSS MOJIOCTh CTakaHa 3a-
MOJTHEHA CMEChI0 KPEMHUN-OPTaHUYECKOM KUJIKOCTU ¢ KepocuHOM. Hajn crakanom
HaXOAUTCS MEePeKIItoYaTellb, YIPaBIAIOMUNA MEXaHU3MOM (PUKCALIMU MTOJI3YHKOB peo-
XOpPAOB U TOJIOKEHUEM JIBYX Map IIETOK, COCIMHEHHBIX C KaleneM M MOJI3yHKaMH
peoxopnos. Ilepekirouarenb NPpUBOANUTCS B IEUCTBUE IEKTPOMArHUTOM, ITUTAEMbIM
ITOCTOSTHHBIM TOKOM. DJIEKTPOMAarHuT pasmenieH B BepxHen yactu CII qs nekmroue-
HUS BIAMSIHUSI CTaIM Ha OyCCOJIb.

M3meputenvuast cxema KUWUT npencraBiasier co0oil MOCT, OJHUM U3
J1e4 KOTOPOro sBJIAIOTCA CONPOTHUBIIEHUS peoxopnaa yria Rs mnm asumyra R, moa-
KJIF0YaeMbl€ MOOYepeaHO NepekiodaTesneM S1; Tpu Ipyrux 1ieda pacrojoKeHbl B
Ha3zeMHOM myJbTe (puc. 9.2). B ognoit u3 no3unuii S1 ¢ 1enblo KOHTPOJIS BKIIFOYAET-
Csl TIOJIHOE COMPOTHUBJICHUE PEOXOpAA, B JIPYroil nmpu (pUKCUPOBAHHOM IMOJIOKEHUU
IIOJI3YHKOB PEOXOPAOB — YaCTh CONPOTUBIICHHUS, IPONOPLMOHAIIbHAS YIUIy WU a3U-
MyTy. ISl pazienieHnst U3MEPUTEIBHOM LENH U LENH AJIEKTpOMariura Y A, mpuBo-
JSIIETO B JIEUCTBUE TMEpeKitodaresb S1, UCmoib3yeTcsl Ta30Bbld paspsaaHuk F; oH



BBITOJIHAET TaKXe poJib IycKaTeds,
BKJIFOHAOUIEro YA npu MOBBIIIEH-

HOM HAIIPSOKCHUMW ITATAHUA. 210

HaIpsHKCHUC TIOAACTCA IIPHU 3aMbl-

KaHUU nepekiouarens S4 B MyJib-
te. M3mepurenbHas cxema 3allu-

mcHa OT BBICOKOI'O HAIIPSIKCHUA

-

pesuctopoM R1 u koHTaktoM S2,

KOTOpBIﬁ Pa3MBIKACTCs B Ha4dallb-

HBIII MOMEHT cpabateiBanus Y A.

MocToBas cxema IIyJibTa IIPH

u3MepeHuu yria 0 obpa3oBaHa pe-
suctopamu R2, R3, R8, R6, RS u

Puc. 9.2. ITpunnunuanbHas 31eKTpUUECKas cXxeMa
nukniuHomerpa KUT 3arapajjicICHHbBIMU ~ PE3UCTOpaAMU

R7 u R10. ITpu nuzmepenuu azumyra Bmecto RS u R10 Brimrovatorest peauctopsl R4 u
R9. U3mepenus cBOASITCA K YCTAHOBJIECHHUIO PABHOBECHSI MOCTA, YTO JOCTUTAETCS Iie-
pemMenieHueM nonsyHka pesucropa R7. KoHTposb paBHOBECHS MOCTa OCYIECTBIISAET-
Cs 110 HyNIb-UHAUKATOPY PA 1 BKIIFOYEHHOMY B H3MEPUTEIBHYIO IHaroHaib. Pesnucrop
R7 mpencraBnsier co00il KpyroBoii peoctar, CHaOKEHHBIM IBYMs LIKaJaMH, IO KO-
TOPBIM MPU YCTAHOBJIEHUH PABHOBECHUSI MOCTa HEMOCPEICTBEHHO OTCUUTHIBAIOT YIOJ
O U a3UMYT ( UCKPUBJIEHUS CKBakMHbI. COOTBETCTBUE 1IKad Ha peocrate R7 daxTu-
YECKUM 3HAYEHHUSIM YIJIOB IOCTUTAETCS PETYJIMPOBKON IMEPEMEHHBIX PE3UCTOPOB RS,
R10 u R4, R9 npu xanubpoBke anmaparypshl.

MocroBas cxema i U3MEPEHUS yIJIa WM a3UMYTa BKIIOYAECTCS NEPEKITIOYa-
teneM S3 (mo3uumu 3 «yroi» u 1 «azumyT»). [Ipu 3ToM Ha MOCT MOJIaeTCs HAIPsIKE-
Hue ¢ aenutens R11—R13, obecneunBaeTcsi coeqMHEHUE COOTBETCTBYIOIINX PE3U-
CTOPOB B IJIEYaX MOCTA M 3aMbIKaeTcs Lenb Hylb-uHAUKaTopa PA1. Komnencanus
CONMPOTHUBJICHUSI Kabensl OCYIIECTBISIETCS MEPEMEHHBbIM pe3nctopoM R8 B mosunuun
CKBKMHHOTO Tepekitoyaresns Sl, mpu KOTOpoi B M3MEPUTENIbHYIO 1EMb BKIIOYEHO
MOJIHOE COMPOTHUBIICHHUE YIIIOBOTO peoxopaa. [lozunmu nepexntouarens S1 onpene-
JISIFOTCS 10 TOKa3aHUuAM Musuinamiepmerpa PA2.

9.4. IlpencraBieHne JaHHBIX MTHKJIUNHOMETPUHA

H&HHBIC WHKJIIMHOMCTPHU MPCACTABIIAIOT B BUAC Ta6J'II/II_[BI 3HAYCHUM yria ruc-
KPHUBJICHUA 8, MAarivuTHOI0O asuMyTa ¢ U JUPCKIUMOHHOI'O YyIJjia O HAITPaBJICHHA HC-
KPHUBJICHUA CKBAXWHBI. Beanunna AUPEKOHUOHHOI'O yrjia onpeacsi€TCca COOTHOICHU-

cM
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a=@pt+xy+D,
rae Y — yroi cOmmKeHus MepUANaHoB (YToJl MEXIy OCEBBIM MEPHINAHOM M MEpH-

JTMAHOM B JAaHHOW TOYKE; OH MOKET OBITh MOJOKUTEIHHBIM WA OTPUIIATEIIb-

HBIM);

D — marauTHOE CKJIOHEHHE (BOCTOUYHOE CO 3HAKOM ILIIOC, 3allaJHOE CO 3HAKOM

MUHYC).

Bennuuna 3nauenuii y u D yka3piBaeTcs Ha TomorpauIeckux KapTax.

[To maHHBIM U3MEPEHHOTO YTJIa HCKPHUBJICHUSI CKBAXHHBI U BBIYMCICHHOTO JTH-
PEKIIMOHHOTO yTjia BEIYEPUYMBACTCS MHKIMHOTPAMMa — MPOSKIMSI OCH CKBaKWHBI Ha
TOPU30HTAIBHYIO TUIOCKOCTh. VHKIIMHOTpaMMy CKBa)KHHBI TIOJTy4YalOT MyTEeM IOCIIe-
JIOBATEIBHOTO TIOCTPOCHUSI TOPU3OHTAIBHBIX MPOEKIIMA OTICIHHBIX YJaCTKOB CKBa-
’KWHBI, HAUWHAs C HAUMEHbIIEH r1yOuHbIL. [Ipu 3TOM 3HaUeHUS O U 0 OTIPEACIISIOTCS B
OTJIETBHBIX TOYKAX W YCIIOBHO MPUHUMAIOTCS B Ka4eCTBE CPEIHUX I MHTEpBasa
MEX/Ty IBYMSI COCETHUMHU TOUKAMHU.

['opu3oHTaIbHAS MPOSKIHS I-TO HHTEPBaIa C YIJIOM UCKPUBJICHHS O HAXOJUT-
cst o opmyiie

Al, =1;sing,,

rae {, — quHa uaTepBana (puc. 9.3).

a
LIN
\
B
=
e O A
L/ I\ \ e
l‘-SLHSi

Puc. 9.3. YuacTok ocu CKBaXHHBI B BEPTHKAJIBHOM TUIOCKOCTHU (@) U TPOEKIUSI
y4acTKa CTBOJIa CKBaKUHBI HA TOPU30HTAIIBHYIO TIOCKOCTH (0).

li — mmuna ckBaxkmusr; Hi; Hiy — rimyOuna pacrmonokenus 3a00s v abOCOTIOTHAS
OTMETKa yCThsl; A — och ckBaxuHbI; Cy, 10, — ceBep U 10T MarHUTHBIC

OnpenenvB MOCIEN0BATENBHO TOPU3OHTAIBHBIE TPOEKIUU OTAEIbHBIX UHTEP-
BaJIOB, OTJIOKMB MX 3HAYEHHUS B MaclITade MO HaIlpaBJICHUSM AUPEKIIMOHHBIX YIJIOB
Y COEJIMHMB HayaJbHYIO TOYKY II€PBOI0 MHTEpBaja ¢ KOHEYHON TOYKOM MOCIEAHETO
MHTEPBAJIa, MOJIy4aoT OOIIYI0 MOPU30HTAIBHYIO MPOEKIHUI0 CKBAXUHBI WK O0IIee
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CMEIIIEHHE OCH CKBOKUHBI OT BEPTUKAIM Ha UCCIIEJ0BaHHOM yuacTke (puc. 9.4). Un-
KJIMHOTpaMMa CTPOUTCs 00bIuHO B MacmTade 1:200.
9.5. I1opsiioK BBITTOJIHEHUS PaOOTHI

1. O3HaKOMUTBCA C HACTOSAIIUM METOJINYECKUM PYKOBOJCTBOM.

2. N3yunTh npuHIMN JSHCTBUS MHKIMHOMETPA HA CTEH]IE WJIM MaKeTe.

3. IlocTponTh HHKIMHOTPAMMY.

daxkTHueckuil MaTepuan A MOCTPOCHUsS] MHKIMHOIPAaMMBbl BbIIAETCS MPEMo-
JaBaTEIIEM.

9.6. OTYETHOCTH

[To maGopaTtopHoil paboTe MpenCTaBiIIeTCS OTYET, B KOTOPOM KPAaTKO OIHUCHI-
BAIOTCS OCHOBBI MHKJIMHOMETPHUH, U HHKJIMHOTpaMMa.

Crucoxk JuTepaTypbl
1. Hoopeinun B.M., Bennensmreiin b.}O., Pe3Bano P.A., Adpuksa A.H.
[TpomeicioBas reodusuka. M.: Heapa, 1986.

2. JpsxonoB [J[.U., JleontseB E.U., Ky3nenos I'.C. O6mmii kypc reodusnue-
CKHUX ucclieioBaHuid ckBaxuH. M.: Henpa, 1977.

3. Ilomepann JI.U., benokons [.B., Kozsp B.®. Annaparypa u o6opynoBa-
HUe reopU3nYECKUX METOJIOB UcciieioBaHus ckBaxxuH. M.: Henpa, 1985.

Jlabopatopuas pabota Ne 10
JAEBUTOMETPUS (PACXOJAOMETPUS) U
BJAT'OMETPUSA CKBAXKUH

10.1. Ilens paboTHI

[lenbto 1aHHOM pabOTHI SABISETCS U3yYCHUE OCHOB JEOMTOMETpPUHU (Pacxojio-
METPHUH) U BIArOMETPUU CKBAKUH; MPUHIUNA JCHCTBUSA 1eOUTOMEPOB (pacxoome-
POB), BJIArOMEPOB M UHTEPIPETALNU JTUArpaMM JOMTOMETPUHU (PACXOJAOMETPUM) U

BJIATOMETPUHU.

10.2. OCHOBBI JIEOUTOMETPHUM Y BJIATOMETPHUU CKBAKUH

10.2.1. JlebutomeTpust (pacxo1oMeTpHsl)

JlebuToMepsl moapa3AesitoTcs: 1) Mo MPUHIKIY JACHCTBUS — HAa MEXaHWYe-
CKHE€ M TEPMOKOHIYKTHUBHBIE; 2) MO CIOCO0Y PErucTpalid CUTrHaja — Ha aBTOHOM-
HbIe (pEruCTpalusi CHTHAJa OCYIIECTBISETCS BHYTPU MPUOOpa) W IHUCTAHIIUOHHBIC
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(curHambl Ui PETUCTpalMU NepeaaroTcs Mo Kadelro Ha MOBEPXHOCTH); 3) MO ycio-
BUSIM M3MEPEHUI — Ha MMaKEpHbIE U OecakepHEIE.

B MexaHu4eckux TUCTAHIIMOHHBIX JeOUTOMEpax OOBIYHO HMCIOJB3YIOTCS Mpe-
o0Opa3oBaTenu CKOPOCTU BpallleHUs TYpPOMHKH B JIEKTpHUECKHE CUTHAIBL. B mpubo-
pax ¢ aBTOHOMHOM perucTpanyei mMpuMeHsI0TCs Kak TypOUHHBIE, TaK U IMOIJIaBKOBO-
NpYKUHHbBIC TaTYUKH.

PaboTta TepMOKOHIYKTHBHBIX JeOMTOMEPOB OCHOBAHA Ha OMpPEICIICHUH KOJIH-
YyecTBa Terla, OT1aBaeMOr0 HEMPEPHIBHO HATPEBAEMBIM TEJIOM, KOTOPOE MOMEIIIECHO B
MOTOK >KUIKOCTH WM Ta3a. [1o KomruecTBy OTIaBaeMoro Teriia CyIsT O JMHEHHON
CKOpOCTH IOTOKA, KOTOPasi CBsA3aHa C 0OBbEMHBIM PAaCX0J0M KUAKOCTH MJIH rasa.

[Takeps! mpeaHa3HAYECHbI 7S HANPABICHHUS H3MEPSEMOrO MOTOKA >KUIKOCTU
WIIY ra3a yepe3 KaluOpoBaHHOE ceueHue npuodopa. PazHele TuIbl makepoB oOecneyu-
BalOT MOJHOE WJIM HEMOJHOE MEPEKPBITUE CTBOJIA CKBaXXUHBI. [loaToMy uepe3 kanuo-
POBaHHBIN KaHAJ MPOXOJIUT JTUO0 BeCh MOTOK, TMOO 4acTh ero. OTHOIIEHHE pacxoaa
KUJIKOCTU WJIM Ta3a, IPOTEKAoLUX Yepe3 Mpuodop, Ko

£ Kl
BceMmy pacxony Q HaszpiBaeTcs Ko3(uIimeHTOM Iepe- )
KPBITHUSI UJIA TAKEPOBKHU. 121 |
|
— |
k=2 : 0} '
Q |
rae Qi — pacxoa KHIKOCTH WM Ta3a, MPOXOSIINX gk '
. [
MEX1y MaKePOM M CTEHKOW CKBA)KUHBI. |
6 1 1
10.2.2. Bnaromerpust JaeT BO3MOKHOCTBH OIIpe- ) W0 a0
o)
JCIISITh COCTAaB U cojiepkaHue (hIIOUI0B B CMECH TIO Be- H,0,7%

Puc. 10.1. DranoHupOBOYHBIN
rpaduK 3aBUCHMOCTH MMOKa3aHHUN

CKOHBKy I[I/IBHGKTpI/ILIeCKaﬂ HpOHI/IHaeMOCTB BOJIbI H3- BiIaromepa f or COACPIKAHUA BO-
bl B CMECH

JJUYUHEC HX ﬂHBH@KTqueCKOﬁ IMPOHUIIACMOCTH. ITo-

MEHSIETCSl B 3aBUCUMOCTH OT MUHEpaiu3auu ot 50 10
80 oTH. en., a HehTHU OT 2 110 4 OTH. €., NOSBJIICHUE BOJBI B HETHU U rase cylie-
CTBEHHO YBEJIMUUBAET JUAICKTPUUECKYIO TPOHUIIAEMOCTh CMECH.

[lepen u3mepeHUsIMH TUAIEKTPUUECKUE BIArOMEPhI IPAAyUpPYyIOT, CTPOS 3Ta-
JIOHHPOBOYHBIN IpadyK 3aBUCMMOCTH YacCTOThI CUTHaja T OT mpoIeHTHOro coaepiKa-
Hus Bonbl B HehTH (puc. 10.1). TouHOCTH OmpeaeneHus MPOIEHTHOTO COACpKaAHUS
BOJIbI U He(TU B cMecH cocTasisieT 10 %.

[To BmarorpamMme ycTaHaBIIMBAIOT TPaHUIly HEDTHU W BOJIBI UIIU UX CMECEH 10
CHIDKEHMIO TTIOKa3aHUM MPHU MEePEeX0e OT BOJIOHOCHOM 30HBI K HE()TEHOCHOM.

10.3. CkBakxuHHBIE 1eOUTOMEDHI (PACXOIOMEDHI)
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Paznuuaror MmexaHn4yecKkue U TEpMOKOHAYKTUBHBIE PACXOJOMEPHI, KOTOPHIE MO
YCIIOBHSIM U3MEPEHUI JENATCS Ha MakepHble U OecrakepHble. YyBCTBUTEIBHBIM 3Ji€-
MEHTOM MEXaHHWYECKOTO pacxojioMepa, MPUMEHEHHOTO B KOMILJIEKCHOM Hpudope
[IPBC-1, cityXuT 4eTbIipexjonacTHas TypOHHKa 7, yCTAaHOBJIEHHAs Ha MOJIMSATHHUKAX
B u3mepurenbHoM kaHaie CII (puc. 10.2). IIpu Bpamiennn TypOMHKY U 3aKperieH-
HOTO Ha €€ BaJly IOCTOSSHHOTO MarHuta 8 MpuXOoAuT B JIEHCTBUE TePKOHOBOE pene 9,
4acTOTa UMITYJIbCOB KOTOPOTO MPOIOPIMOHATIBHA PACXOAy )KUAKOCTH YEPE3 U3MEPHU-
TeIbHBIN KaHal. Ha MOBEpXHOCTH YacTOTa MMITYJILCOB IIPE0Opa3yeTcsi B MOCTOSHHOE
HanpsDKEHUE, KOTOpoe (PUKCUPYETCS PErUCTPATOPOM.

Bropeim n3mepurensHbiM kaHanoM npudopa ITPBC-1 ss-

2 T I
0= ;j’:’/zg JEICTCA JUIJICKTPUYCCKUU BJIArOMCP. BJIaFOMeTpI/ISI OCHOBAHa Ha

N/

3aBUCUMOCTHU I[HSHCKTPH‘ICCKOﬁ IMPOHUIACMOCTHU BOI[OHe(l)TH—

S B e\ Y HOM CMecH OT cojep)KaHus BOJBI (JUIS BOJBI €,y <~ 80, mis
L He(TH — 2-6). JlaTumkom BiIaromepa CIIy>KUT MPOTOYHBIA KOH-
,' “r=f 4  JeHcarop, oOpa3oBaHHBIM HArpyOKoM 6 M METaUIMYECKUM
\al j crepkaeM 13, momemieHHBIM B n30JsT0p 10. EMKOCTE KOHACH-
\ :;«Z caTopa M3MEHSETCS MPHU MPOTEKAHUH JKUIKOCTH MEXIy ero 00-

EYRNH—/5  kmagkamu. KoHaeHcaTop BKJIIOYEH B KOJ€OATENbHBIA KOHTYP
17

VALV va

7 RC-reneparopa, U3MEHSIONIETO YaCTOTY aBTOKOJIeOaHUW B 3a-
/0  BACUMOCTH OT €MKOCTH KOHJeHcaropa. [md ompeneneHus co-
219 JIep’)KaHus. BOJIBI BJaroMep NpeBAPUTEIHLHO KaauOpyroT, IS
g Yero CTposIT rpaduk 3aBUCUMOCTH YaCTOTHI U3MEPSIEMOTO CHT-

Haia oT conepxkanusi Bojabl. B mpubope [IPBC-1 curnan ¢ RC-

reHeparopa MOJAeTcsi Ha CMECHUTellb, IJI€ YacToTa CHUTHaja
cpaBHUBaeTCA ¢ (PMKCUPOBAHHON YACTOTOM OMOPHOTO reHepaTo-

pa, a CUTHaJl, TPONOPIUOHAIIbHBIA PAa3HOCTU ATHUX YaCTOT, TO-

CTyHaeT Ha BXOJ YCWIIMTENS JJIEKTPOHHOW cxeMbl. Ha BbIxone
YCUJIUTENSL OH MOAYJMPYETCSA IO aMIUIATYAE C YacTOTOW Mpo-

MOPLUOHATBLHOM CKOPOCTH BpaIlleHUsI TypOMHBI Pacxojomepa.

Takum 00pa3om, BBIXOJHON CUTHAN HECeT MH(OpPMALIUIO O pac-

Prc. 10.2. Ocrosibie yam  XOH€ BOJOHE(DTSIHOM CMECH U OOBOHEHHOCTH HEe(PTH.

npeobpazosareis pacxosa N3mepenust nmpuOOpoOM BBIMOJHSIOTCS Ha OCTaHOBKAxX
u BnaxHoctu [IPBC-1

CII npu packpeiTom makepe. g packpeITug makepa ¢ Io-

BEPXHOCTH MOJIa€TCs MUTAaHUE Ha AJieKTpoHarpeBaresib 20, KOTOPHIN HarpeBaeT >KU/I-

KOCTh 19 TermmoXXuIKoCTHOTO MPUBOAA Makepa. Pacmmpsisich, JKUIKOCTD MepeMeniacT

mToK 15, koTopslii yepe3 Toskatenu 14,5 u marpyOok 6 neHCTBYeT Ha MOJABUK-

Hyt0 oOoiimy 4 makepa 2. [locnemnuii pacKphIBaeT CBOM JIEMECTKH, 00Opasys mepe-
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KPBIBAIOIIUI CTBOJI CKBa)XMHBI 30HTUK WM HAIpPaBJISIsl BECh MOTOK KUAKOCTU 4Yepe3
BXOJIHbIE OKHa 3 B u3MepuTenbHbii kanai CII. XKuakocTs BEIXOAUT uepe3 purypHsie
okHa 11 u 12, koTopble COBMEIIAIOTCSI OJTHOBPEMEHHO C PaCKphITHEM Takepa. B xon-
[ MOCTYIMaTeNbHOro XoAa mToka 15 cpabateiBaer ¢ukcarop 16, 3akperuiss mTOK
IpU OTKPBITOM TaKepe, a KOHEUHBIN BbIKIIIOUaTeah 18 oTKIII0uaeT nuTaHue HarpeBa-
TeJs, 3aMbIKas 1eNb MUTAHUS 3eKTpoMarHuta 17. JIns 3akpbITHs MMakepa Ha BXOJ
CII nonaercsa HanpspKeHHE 0OpaTHOM MOJIIPHOCTH. DJEKTpoMarHut 17 mpu 3tom oT-
KIfoyaeTcst u ormyckaer ¢ukcarop 16. Ilog nmeiicTBuemM mpykvHBI MMakepa M CKBa-
’KUHHOTO JIaBJICHMs IITOK 15 nBuskercs BBepX, nmpuBoas CII B ucxoaHoe cocrosiHue.

UyBCTBUTEIBHBIM 3JIEMEHTOM TEPMOKOHIYKTUBHBIX PACXOAOMEPOB, HAIIPUMED
CTH-4 (cM. tabm. 10.1), cay>KUT pe3ucTop, BHITTOTHEHHBIN W3 KI'yTa MEIHOTO IMPO-
BoJa quameTpoM 0,03 MM M MOMEIIEHHBIM B TOHKOCTEHHBIN 3aIIUTHBIA KOXKYX. Pe3n-
CTOp COCTABJISIET OJHO IUIEYO MOCTOBOM CXEMBI, TPU APYIUX IIeda KOTOPOM pacIio-
JIO’KEHBI HA MMOBEPXHOCTH; C IOMOUIBI0 MOCTa HAOIIOJAETCS N3MEHEHUE CONPOTUBIIE-
HUs pe3ucTopa. JlaTuuk HarpeBaeTcsl JEKTPUUECKUM TOKOM IIOCTOSIHHOW BEJIMYUHBI
70 TEeMIIepaTypbl, MPEBBILAONIECH TEMIIEpaTypy >KHIKOCTH, H3MEPEHHE pacxXoja
KUJKOCTH OCHOBAaHO Ha 3aBHUCHMOCTH OXJIaXJICHHsI HArPETOr0 PE3UCTOpa OT JIMHEH-
HOH ckopocTH noToka. OnpenesieHre pacxo/ia MPOU3BOIUTCS M0 KaTUOPOBOYHOM 3a-
BHCHMOCTH M3MEHEHUsI CONPOTHUBIICHUS OT CKOPOCTH IOTOKA. TE€pMOKOHIYKTUBHBIE
pacxoJoMepbl YyBCTBUTEIbHBI K MAJIBIM MIPUTOKAM, HE MOABEPKEHBI BIUSHHUIO MEXa-
HUYECKUX MPUMECEN B JKHUJKOCTU, UMEIOT BBICOKYIO ITPOXOAUMOCTb, OJTHAKO HE IPH-
TOJIHBI 17151 KOJIMYECTBEHHBIX ONMPEIEICHUIN pacx0/10B HEOJHOPOIHBIX KUIKOCTEH.

TepmokonnykTuBHbIe 1eduToMepbl CT/l mpuMeHSIOTCS TaKkKe I U3MEPEHUs
aOCOJIIOTHOM TeMIepaTyphbl, JJIsl YEro B UyBCTBUTEIBHOE IJIEHO AJNEKTPHUUECKOTO MO-
CTa BKJIFOYAETCS JIONOJIHUTEIBHOE CONPOTUBIIEHUE, CHIKAIOLIEE TOK Yepe3 IJIeHo U
MPEIOXPAHSIOUIEE €r0 OT pa3orpeBa. B ckBaKMHHOM MpeoOpa3zoBarTese TeMIEpaTyphl
IITC-1 4yBCTBUTENIBHBIM AJIEMEHTOM CIYKUT KOHAECHCATOP C BBICOKHM 3HAYEHHEM
Ko3(PuIMeHTa U3BMEHEHHS] EMKOCTH OT Temneparypsl. [Ipunuun pabotsl mpeoOpazo-
BaTeJsl OCHOBAH HA U3MEPEHUHU NPUPALLEHUS YaCTOThl HANPSKEHUS, TEHEPUPYEMOTO
LC-renepaTopom mpu H3MEHEHUH TEMIIEPATYPhl OKPY>KAIOIIEH CPeIbl.

B 6ecnakepnom mpudope BBCT-1 (cm. Tabn. 10.1), npunimn paboTel KOTOPO-
ro a”ajoruyeH ucrnonb3oBanHoMy B [IPBC-1, depe3 maTumk Biiaromepa MpOXOIUT
TOJIbKO YacThb HUAKOCTH, MOSTOMY €ro MOKa3aHHs 3aBUCAT OT paclpeneieHus o0-
BOJIHEHHOCTH TIO CEYEHUI0 00CaHOM KOJIOHHBI U OT ycioBuit ooTekanust CII kommo-
HEHTaMU KUJIKOCTU. becniakepHble BiIaroMepsl CiIyKatT i1 KOJIMYECTBEHHON OLIEHKU
COCTaBa >KUJIKOCTH.
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10.4. MuTepnperanys JaHHbBIX ,Z[G6I/ITOM€TDI/II/I, BJIAroMEeTpuu U TCPMOMCTPHUHN CKBA-

KUH
10.4.1. Tloctpoenue auddepeHuanbHbIX MpoduIeii MPUTOKa MO JTaHHBIM MEXaHU-

YeCKOM 1eOUTOMETPHUH U BIIArOMETPUN
[Ipodunem npuToka HazbIBaeTCs rpauK 3aBUCUMOCTU KOJIMYecTBa Q KHUIKO-

CTH WJIH rasa, NoCTyHaromux U3 eJUHUIBI MOLTHOCTH 3KCIUTyaTUPYEMOro pa3pesa, OT

I‘J'IY61/IHI>I Z e¢ 3aJIeTaHusl.

hl\‘
Q= [ad,
hn
rne hy, hy — TmyOrHa MOJOMIBEI M KPOBIIH KCILUTYaTUPYEMOTO UHTEPBAJIa CKBAXKIHEI;
0, — YACIbHBIN 1e0uT;
dz — MOIODHOCTBb KAKAO0I'0 OTAAIOMICTO IJIaCTa WKW IMPOILIACTKA.
JuddepeHnrpoBanre HHTErPaIbHBIX KPUBBIX JeOUTA 10 Z aeT rpaduKu pac-

X0J1a OTJAEIBHBIX YYaCTKOB CKBaKUHBI (yIeabHbIX 1e0uTOB) (puc. 10.3).

9. = AQ%Z

g" Facxodomempus Yoensnweri dedunt
3
zg‘z Q, m¥cyr g (M/eyT)/™
(S a 20 40 &0 &4 o 0 20
I T I | T T

1604

h

P Gy 0

o~ ]

144444
—-w{dh

7608 Hu3 Qi min

512

_¢_
i
:_l
hY

Puc. 10.3. IIpumep noctpoenus npoduiieii nputoka (ckB. 1405 POMaIIKMHCKOTO MECTOPOXKIACHNU).
1 — ToueuHbIe 3aMephI, 2 — UHTEPBAI Iephoparun

14444444444

1675

IYLIX]

Huddepenunanbublil mpoduiab CTPOUTCS HA OCHOBE MHTETpalibHOW Mpoduiie-

rpaMMbI 110 3HAYCHUAM Y/ICJIBHOT'O I[G6I/ITa Qi, MMOJIYYCHHBIM I10 (1)OpMy.]'I€
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q, = (Q|max _Qimin )Ah

rie  Qjmax ¥ Qjmin — COOTBETCTBEHHO AEOUT B BEPXHEW M HMKHEH TOYKaX MCCIETy-
€MOT0 MHTepBaJla IIyOUH, OTHOCSIIIMXCA K Nyepx M Ny

AN = Ny — Npepx — BETMUYMHA KaXKI0T0 OTAAIOLIEr0 UHTEPBaa (HAXOIUTCS 10

TOYKaM reperuda Ha KpUBON WHTETPabHON 1eOUTOMETPUH ).

[Tpu nByxdha3zHOM MOTOKE TpeOyeTCs COBMECTHAsI MHTEPIPETAIHS TaHHbBIX Jie-
ouToMeTpuu W BiaroMerpuu. Ilo BaarorpaMme HaXoJAT MPOLIEHTHOE COJEpKaHHE
BOJIbI B HHTEPECYIOIINX TOYKAX.

Kaxaplii 13 wHTEpBaioB nepdopaiuud pa3douBaroT Ha ydacTku Ah 1mo uHTe-
rpajgpbHON KpuBoW mpodwmis nputoka (puc. 10.4). UHTerpanbHble KpUBBIE M BIaro-
rpamMMa BBIJIAFOTCS TIPEogaBaTeIIeM.

s Pacxodomempus YdensHoni dedum
<
é 0 20 40 60 Cy,% g;,(M¥eyr)/m
g 0 20 40 60 QMYcyT 0 1w 20
T T I 1 I I
1622 /4 I
[
hs
h;
1624 he ://// 2
w
hs
1625 {
! 4
) he
hs 17
1628 h. 770
j__ W =
S
LD
1630

Vi &Sz (3]s

Puc. 10.4. IIpumep 00pabOTKH MOKa3aHWH MEXaHMYECKOTO PacXo0Mepa U BIaroMepa.
1 —nedts; 2 — Boaa; 3 — unTepBan nepdopauny; | — nedburorpamma; Il — Brarorpamma

Ha riyoune h; pacxon sxuakocTu coctaBiseT Q; npu coaepkanuu Boasl CBy.
Cs; ompeaensiercss mo Biaarorpamme. KosimuecTBo BOJbI, MOCTYNAIONIEH U3 y4acTKa
Ahy, paccuntbiBaeTcs o hopmyie
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Tabmura 10.1
Ha3HaueHre 1 TeXHUYECKHE XapaKTCPUCTUKHU IPUOOPOB JUIS KCCIICIOBAHUS JCHCTBYIONNX CKBAKUH

Jlnanasox [Ipenenvuas | Ilpenens-
U3MEpEHUS
Tpu6op HasHauere pacxona Huamerp, JvHa, paboyast HOE pabo-
MM M TEeMIepary- | 4ee JaBJe-
KUJIKOCTH, 0
o pa, C nue, Mlla
Pacxonomep PI'JI-4 N3mepenne pacxoga >KUIKOCTH B HarHeTaTelb- 6 —-100 42 0,9 120 60
HBIX CKBOKHHAX
Pacxonomep-Biaromep N3mepenne pacxojila M BIAXHOCTH JKHUIKOCTH B 0,2-25 36 1,8 80 30
«Kobpa-36» (OHTAHUPYIOIINX CKBAXKMHAX
[IpeobpazoBarens pacxonaa | To xe, 11 CKBaXKMH CO MITAaHTOBBIMU HacOCaMU 02-20 28 19 120 30
u BnaxHoctu [IPBC-1
TepMOKOHIYKTUBHBIN pac- | BeaeneHnue oTAammux miacToB 0,2-8 25 0,4 80 35
xonomep CT/I-4
Wunukatop BIaXXHOCTU | MI3MepeHune copepxaHus BOJbI B )KUJIKOCTH - 30 1,3 150 30
BBCT-1
Tepmomerp I1TC-1 N3mepenue TtemmepaTypsl; OIIyCKAaeTCs 4Yepes — 28 1,0 120 30
HKT
ITpeoOpaszoBarens nasnenus | Msmepenue gasneHus; onyckaercs yepe3 HKT — 28 1,6 120 30
Imac-1
ITnornomep I'TTI-1M W3MepeHue MIOTHOCTH KHUJKOCTH B (POHTAHUPY- — 42 1,9 100 35
FOIUX CKBOKHHAX
ITnotomep I'TTI-3 To xe, uepe3 MeXTpyOHOE MPOCTPAHCTBO — 25 2,3 80 30
[TnotHomep I'TTI-IT To xe, B IITyOMHHO-HACOCHBIX CKBOKMHAX - 32 2,5 50 25
«IToTok-5» N3mepenue pacxona, JaBICHMsI TEMIEpaTypbl U 2-100 40 2,8 100 30
BJIQXXHOCTH JKHMJIKOCTH, JIOKaIusi MypT B (oHTa-
HUPYIOLTUX CKBaKHHAX
«DoHTaH-6%» To ke, 1 BeIIETIEHNE OTIAIOIINX HHTEPBAJIOB 3-100 42 2,2 120 40
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KonuuectBo HedTu Qy, mpuXoAsIIeecs Ha 3TOT Y4aCTOK PaBHO

Qu, =Q, -QB, =Q, _qu(hO

QH,

~h,); B =y —h,

Ha ygactke hg — h; oOmmii 1ebut Ha rimyoune h, coctasiser Q, mpu comepka-

HUH BOJbI CB,.

AHajoruyHo BBIICOITUCAHHOMY OIIPCACIIAIOT KOJINMYCCTBO BOABI U Heq)TI/I B

o0I11eM MMOTOKe Ha riyouHe h,.

Qs _&

= Cs,;
100

Jlis yuactka Ah, = hy — h, onpenensitor 1e0UT BOAbI U HEPTH

QB,,, =08, —QB,;

QH,,, =QH, —QH,;

Qu, =Q, —Qs,.
_ QB _
qBZ hl—hz y

_ Qmnyy,
Uiz h,—h, "

Takum xe 06pa30M HaXO0JAT YACIBbHBIC I[€6I/ITI>I BOJbI U HC(bTI/I I10 BCCM Y4aCT-

KaM IIPOJTYKTUBHOM TOJIIIH.

Ha riry6une h; konnuectso Boasl pasao QB; = &CBi ; Qn, =Q, —-Qs;;

Jiis yaactka Ahj KOJMIecTBO BOJIBI

QB —QB;, Qupr = Qn; —Qmy

Ugani = AN ) HAhi — AN

100
QB =QB; —QB;;; Qn; =QH; —QH4;

10.4.2. Tloctpoenue nmpoduiieil mMpUTOKa MO TaHHBIM TEPMOKOHIYKTUBHOM Jie-

ouTOoMeTpuun

B crnydae ognodasHoro motoka Ha
KPUBOH TEPMOKOHIYKTUBHOTO pPAaCX0JI0-
Mepa HIDKHSIS TPaHMIAa MHTEpBaia MPUTO-
Ka WJIA IPUEMUCTOCTH (IIFOMIa OTMEUACT-
Csl TIEPEX0JIOM OT MaKCHUMAaJIbHOTO 3Hade-
Hust AT K MEHbIIEMyY, a BEpPXHSSI — MUHU-
myMmoM AT (puc. 10.5).

Ha TepMOKOHIYKTUBHOW pacxomno-
rpaMme HaONIofaeTcsl psl XapaKTepHBIX
VHTEPBAJIOB:

1) y4acTok S3KCIUTyaTall[MOHHOW KO-
JIOHHBI BBIIIE PAOOTAIOIIKX IUIACTOB C TO-

! o

I

Gl B A =1« 5

Puc. 10.5. Beienenue paboTaromux HHTEPBAIOB B
00Ca)KeHHOH CKBaXXMHE MO KPHUBOH TEPMOKOHAYK-
TUBHOT'O pacxoJoMepa.

VYuactku mmacra: 1 — paboraromue, 2 - Hepabora-
foume, 3 — npodwis nputoka ¢mouna, 4 — Boaa, 5
— He(Th
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kazaHusiMu AT, COOTBETCTBYIOIIIMMU CYMMapHOMY J€OUTY (pacxoay) CKBaKUHBI;

2) y4acTOK SKCILTyaTallMOHHOW KOJIOHHBI HFDKE pa0OTAOIIMX IIACTOB B He-
MOJABMKHOM cpefie ¢ nmokazanusmu B HehTu AT, u B Boje AT,,, B OCTaHOBJICHHOM
CKBO)XHHE YETKO OTMEUAeTCs pasnen HedTh — BOJA MO PE3KOMY BO3PACTAHHIO TPH-
pamenuii AT npu nepecedeHrr TPUOOPOM KOHTAKTA BOJIBI C HE(DTHIO;

3) y4acToOK yCTaHOBHBIIETOCS MOTOKAa B MHTEpBajie pabOTAIOIIUX IUIACTOB C
nokasanuamu ATy,

4) y4acTOK B JH(TOBOW KOJOHHE, OTMEYAIOIIUNCS CHIDKCHHEM MOKa3aHHH
AT, 3a cC4ET BO3pacTaHUs JTMHEHHON CKOPOCTH JBIKEHUS (DIIIOUIA.

[Tpu nByx(ha3HOM MMOTOKE MHTEPIPETANUS TEPMOPACXOIOTPAMMEBI YCIIOXKHSICT-
Csl ¥ B JIaHHOM paboTe HE pacCMaTpHUBAETCHI.

10.5. ITopsiTOK BBIIOJIHEHUS PAOOTHI

[Ipu ompeneneHun yAenbHBIX O€OMTOB (hIrOM]a MO JAaHHBIM MEXaHHYECKOU
1eOUTOMETPUH B CIIy4ae OJHOPOJHOrO MOTOKAa Ha ydacTKax neppopanuy IpaHullbl
OTJAIOIIUX MHTEPBAJIIOB HAMEUYAIOT MO TOYKaM Ieperuda KpuBbix. OnpenesnstoT co-
IJIACHO IIKaJIe 10 BEpXHEMY Neperuly Ha KaKJOM OTIAIOLIeM y4yacTKe JeOUT U pac-
CUMUTBIBAIOT YJEIbHBIN 1EOUT.

B cnydae aByx(¢a3HOro noroka Ha OTJAIOIIMX y4acTKaxX, HOMHUMO OOILEro Je-
OuTa, ONpPEAENAI0T MO BIArorpaMMe MPOIEHTHOE COJAEp:KaHHE BOJIbI B MOTOKE, pac-
CUUTHIBAIOT A€OUTHI BOABI U HEPTH M0 OTIAAIOIIMM Y4aCTKaM U yAEIbHBIE UX 1EOUTHI.
Pe3ynbraTel onpeaenenuii npuBoAAT B Buae Tadbauusl 10.2.

[Ipy HaXOXJOEHUM YIENbHBIX JEOMTOB MO MaTepuajlaM TEPMOKOHAYKTHBHOMN
NeOMTOMETPUU OTJAIOIINE YYACTKM HAXOAT MO HaYally Clia/ia U Hayaly BO3pacTaHus
Ha KpuBOW TepmoaeOuTomeTrpuu. Bennunny anoMamuu At HaxoIAT Kak pasHULLY
TEMIIEPATYp MEKIY HAa4ajaoM cnajaa Ha KpuBod M Aty 11 nannoro ydacrtka. OOmmi
NeOUT B CKBOKHUHE OTpeeseTcs mo oomei anomanuu At.

1o pe3ynbpTaTaM onpeneaceHuil yaeabHbIX A€OUTOB CTPOSIT NPOPUIH MPUTOKA.

Tabmuma 10.2
Tabnuua pe3ynbTaTtoB 00pabOTKH MEXaHUYECKON 1e0UTOMETPHUH MPHU ABYX(PazHOM
noToke (HepTh — BozA)

NeNe | Vwactku nepdopa- | Otparormume ydactku | QI, Cs, Qs, Qm, O Os,
/11 105078 M3/cy % MS/CYT M3/CVT M3/CVT
WHTEP- MOIII- WHTEP- |MOIIHOCTH| T M M
BaJIbl, M | HOCTb, M | Balbl, M | (ANn),m
1 2 3 4 5 6 7 8 9 10 11
1
2
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10.6. OTUETHOCTD

ITo pe3ynbTataM pabOThl MIPEIOCTABISIETCS OTYET, B KOTOPOM KPaTKO M3Jjara-
IOTCSI OCHOBBI TEOPHUH, MPUBOAATCSA PACUYEThl U MOCTPOSHHBIN MU depeHInanIbHbIN
npo(uIIh MPUTOKA.
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