Jlekuusa 9

ObecrieyeHue 11e/I0CTHOCTU AaHHbIX. Tpurrepsl. Turmbl Tpurrepos. [psMas u
KOCBEeHHasi PeKypCUst

Henn

V3yunTh MexaHU3MbI 06ecrieueHus 11eJI0CTHOCTU JJAHHBIX C TIOMOIIbIO TPUTTEPOB,
TMOHATH pa3/IMYHbIe TUIbI TPUITEPOB U UX TIPUMeHeHHe, OCBOUThb KOHLIEMI[UH
PeKypCUU U MeTO/Ibl YIIpaB/ieHHsl CJI0XKHOW OU3HeC-JIOTUKOM.

OcHOBHBIE BONIPOCHI

[ToHsITHE TPUTTEPOB U MX POJIb B 00eCIeueHNH 11eJI0CTHOCTH;
Tumnel Tpurrepos: DML, DDL, LOGON;

Tpurrepel INSTEAD OF u AFTER;

ITpsiMast ¥ KOCBEeHHasi peKYPCHsI B TPUTTEPAX;

YnpaB/ieHHe BIO>XeHHOCThIO M 00paboTKa OIMoOoK;
[TpakTHUecKue TTPUMephI UCIT0/Ib30BaHsI TPUTTEPOB;

cakrwbd=

Jlekuusi

BBepeHue B TpUrTEPHI

Tpurrep - crieMaaIbHbBIA TUMT XPAHUMOW MPOLeyPbl, KOTOPbIM aBTOMaTHU4YeCK!
BBITIOJTHSIETCS TIPU HACTYTJIEHWH OTpefie/ieHHOr0 COObITUS B Oa3e JaHHbIX.

OCHOBHbIE XapaKTEPUCTUKU TPUTTEPOB:

@® ABTOMaTHUeCKOe BBITIOJIHEHHE

® He MoryT ObITh BBI3BaHBI SIBHO

@ DBrhInonHsSI0TCsA B KOHTEKCTe TpaH3aKLUU

@® MoryT BUSITh Ha BBIMIOJIHEHHE MHULIMKPYIOLLeN orepaiuu

HasHaueHue TpUrrepos:

@® OoOlecreueHue CJI0KHONU OM3HEC-JIOTUKU



® AyIUT U3MeHeHUH JaHHBIX

@ OO0ecrieueHre CCbIJIOUHOM 1[€/I0OCTHOCTH
@ Peanu3zaiusi KackaiHbIX oriepariuii

@ Banugaiys c/10)KHBIX OrpaHUUYeHuN

Tunsl TPUITEPOB

DML tpurrepsi (Data Manipulation Language)
Bomonnstores ripu onepanusax INSERT, UPDATE, DELETE.
Cunrakcuc co3ganust DML tpurrepa:

CREATE TRIGGER [schema_name.]trigger_name
ON { table | view }

[ WITH <dml_trigger_option> [ ,...n ] ]

{ FOR | AFTER | INSTEAD OF }

{[INSERT ][, ][ UPDATE ][, ][ DELETE ]}
AS

{ sql_statement [ ; | [,..n ]}

DDL tpurrepsi (Data Definition Language)
Breimonnstorcs ripu onepaiusax CREATE, ALTER, DROP.
CuHrakcuc co3ganusg DDL Tpurrepa:

CREATE TRIGGER trigger_name

ON { ALL SERVER | DATABASE }

[ WITH <ddl_trigger_option> [ ,..n ] ]

{ FOR | AFTER } { event_type | event_group }
AS

{ sql_statement [ ; | [,..n ]}
LOGON Ttpurrepst
BBIMOTHSAIOTCS TIPY COOBITUSIX ayTeHTHU(UKAL[UH.

CREATE TRIGGER trigger_name



ON ALL SERVER

[ WITH <logon_trigger_option> [ ,...n ] ]
{ FOR | AFTER } LOGON

AS

{ sql_statement [ ; ] [,...n ] }

Tpurrepsl AFTER u INSTEAD OF

Tpurrepsl AFTER

@ BrhinonHs0TCs 1ocie 3aBepilieHus orepaluy;
® MoryT OBITh HUCIO/Ib30BaHbI TOJILKO Ha TabMIIAX;
@ Buzar pesynabTaThl onepanuy;

[Ipumep tpurrepa AFTER s aygura

CREATE TRIGGER trg_Employees_Audit
ON Employees
AFTER INSERT, UPDATE, DELETE
AS
BEGIN
SET NOCOUNT ON;

DECLARE @OperationType CHAR(1);

-- OnpedeneHue muna onepayuu
IF EXISTS (SELECT * FROM inserted) AND EXISTS (SELECT * FROM
deleted)
SET @OperationType = 'U"; -- Update
ELSE IF EXISTS (SELECT * FROM inserted)
SET @OperationType ='T'; -- Insert
ELSE
SET @OperationType = 'D'; -- Delete

-- 3anucb 8 mabauyy ayouma

INSERT INTO AuditLog (TableName, OperationType, OperationDate,
UserName)

VALUES ('Employees', @OperationType, GETDATE(), SYSTEM_USER);

-- [Ins onepayuti UPDATE 3anucbieaem demanu usmeHeHull
IF @OperationType = 'U’



BEGIN

INSERT INTO EmployeeChanges (EmployeelD, ChangeDate, ChangedBy,

OldSalary, NewSalary)

SELECT
i.EmployeelD,
GETDATE(),
SYSTEM_USER,
d.Salary,
i.Salary

FROM inserted i

JOIN deleted d ON i.EmployeelD = d.EmployeelD

WHERE i.Salary != d.Salary;

END

END;

Tpurrepsl INSTEAD OF

@ DBrhinonHs0TCS BMeCTo ornepaiuu
® MoryT OBITh HUCTIO/Tb30BaHbI Ha Tab/UI[AaX U TIPeCTaBIEHUSIX
@ [losie3Hbl /151 0OHOB/IEHHST HEOOHOB/ISIEMBIX TTPe/[CTaBIeHUM

ITpumep Tpurrepa INSTEAD OF:

CREATE TRIGGER trg_Employees_InsteadOfDelete
ON Employees
INSTEAD OF DELETE
AS
BEGIN
SET NOCOUNT ON;

UPDATE Employees
SET IsActive = 0,
TerminationDate = GETDATEJ(),
LastUpdated = GETDATE()
WHERE EmployeelD IN (SELECT EmployeelD FROM deleted);

PRINT '3anucy nomeyeHbl Kak HeaKTUBHbIe BMeCTO y/a/leHus';

END;



CnenuanbHbIe Ta0uIbl inserted u deleted
Tabmuiia inserted comep>xuT HoBbIe 3HaueHus Ay1s orepaifuii INSERT u UPDATE.

Tabmumiia deleted cogep>kut crapbie 3HaueHus asst onepatii UPDATE u
DELETE.

OcobenHoctu paboTsl c inserted u deleted:

@ /[JoCTynHBI TOJILKO B KOHTEKCTe TPUITepa;

® /s onepauuii UPDATE cogep>kaT COOTBETCTBEHHO HOBbIE U CTapble
3HaueHus;

@ /I MaccoBBIX Orepalyi cofiepykaT BCe 3aTparvuBaemMble CTPOKUY;

[Tpumep MCIIONB30BaHKSA:

CREATE TRIGGER trg_Employees_SalaryCheck

ON Employees
AFTER UPDATE
AS
BEGIN
IF UPDATE(Salary)
BEGIN

IF EXISTS (
SELECT 1
FROM inserted i
JOIN deleted d ON i.EmployeelD = d.EmployeelD
WHERE i.Salary < d.Salary
)
BEGIN
RAISERROR('3aprisiaTa He MOKeT ObITb yMeHbIlleHa', 16, 1);
ROLLBACK TRANSACTION;
END

IF EXISTS (
SELECT 1
FROM inserted i
JOIN deleted d ON i.EmployeelD = d.EmployeelD
WHERE i.Salary > d.Salary * 1.5



)
BEGIN

RAISERROR('YBenuueHue 3apriaThl He MOKeT npeBbiath 50%!', 16, 1);
ROLLBACK TRANSACTION;
END
END

END;

Pekypcus B Tpurrepax
IIpsimas pekypcust

Bo3HuKaeT, Korjia Tpyrrep BbIINOJIHSAET Ollepaliiio, KOTOpas BbI3bIBAeT TOT JKe
TPUITEP.

ITpuMep NpsiMoii peKypCcuu:

CREATE TRIGGER trg_Employees_UpdateTimestamp
ON Employees

AFTER UPDATE

AS

BEGIN

UPDATE Employees
SET LastUpdated = GETDATE()
WHERE EmployeelD IN (SELECT EmployeelD FROM inserted);

END;
KocBeHnHas pekypcus

Bo3HMKaeT, Korjja Tpurrep Tabuiibl A BHITIO/IHSIET OTeparivio Ha Tabsuie B, a
TpUrrep Tabnuilel B BIMOMHSAET orepalfyio Ha Tabmuiie A.

I[Ipumep KOCBeHHOM PeKypCHH:

CREATE TRIGGER trg_Orders_Insert
ON Orders

AFTER INSERT

AS



BEGIN

UPDATE Customers

SET LastOrderDate = GETDATE()

WHERE CustomerID IN (SELECT CustomerID FROM inserted);
END;

CREATE TRIGGER trg_Customers_Update
ON Customers
AFTER UPDATE
AS
BEGIN
I[F UPDATE(LastOrderDate)
BEGIN

INSERT INTO CustomerHistory (CustomerID, Action, ActionDate)
SELECT CustomerID, 'OrderDate Updated', GETDATE()
FROM inserted,;

END

END;

Ynpasnenue pekypcueu

OTkJ/II0UeHNe peKypCUH Ha ypoBHe 0a3bl JaHHbIX:

ALTER DATABASE MyDatabase SET RECURSIVE_TRIGGERS OFF;
OTk/1I0ueHNe peKypCHUH Ha YPOBHe COe{MHeHH:

SET RECURSIVE_TRIGGERS OFF;

IIpefoTBpamieHe 6eCKOHEeUHOM PeKypCHH:

CREATE TRIGGER trg_Employees_SafeUpdate
ON Employees
AFTER UPDATE
AS
BEGIN
SET NOCOUNT ON;



-- [Iposepsiem ypoeeHb 8/10)CeHHOCMU
[F TRIGGER_NESTLEVEL(OBJECT_ID('trg_Employees_SafeUpdate)) > 1
RETURN;

-- Jloeuka mpuzzepa 8bINOAHSAEeMCs MO/bKO 0/151 Nepe020 8bI308a

INSERT INTO EmployeeHistory (EmployeelD, ChangeDate, ChangeType)
SELECT EmployeelD, GETDATE(), UPDATE'

FROM inserted;

END;

BJ/10)KeHHOCTh TPUITEpOB

YpoBeHb BI0)KEHHOCTH - KOJTMYECTBO TPUITEPOB, BbI3BAHHBIX B LIEMTOYKE.
Orpanuyenue ByokeHHOCTH B SQL Server: 32 ypoBHS.

MOHUTOPHUHT B/I0)KEHHOCTH:

-- Tekywjuli ypogeHb 81034#C€HHOCMU

SELECT TRIGGER_NESTLEVEL() AS NestLevel;

-- ¥poeeHb 8102ceHHOoCmU 0/151 KOHKPemHo20 mpuzzepa

SELECT TRIGGER_NESTLEVEL(OBJECT_ID('trg_MyTrigger')) AS
SpecificNestLevel;

OOpaboTKa omMOoOK B TPpUrTEpax

CREATE TRIGGER trg_Products_PriceValidation

ON Products

AFTER INSERT, UPDATE

AS

BEGIN

BEGIN TRY
-- [Iposepka ompuyamesbHOU YeHbl
IF EXISTS (SELECT 1 FROM inserted WHERE Price < 0)
BEGIN
RAISERROR('LleHa He MO>XeT OBbITh OTpHUIaTeNbHOM', 16, 1);

END



-- IIpogepKa cAuWKOM 8bICOKOU YeHbl
IF EXISTS (SELECT 1 FROM inserted WHERE Price > 1000000)
BEGIN

RAISERROR('LleHa ripeBbIlliaeT MakCMMaabHO JONyCTUMYHO', 16, 1);
END

-- [Iposepka coznacosaHHocmu yeH
IF EXISTS (
SELECT 1
FROM inserted i
WHERE 1i.Price <1i.Cost * 1.1 -- MuHumanbHas Hayenka 10%
)
BEGIN
RAISERROR('LieHa mo/mkHa 6bITh Kak MUHUMYM Ha 10% BbIiiie
cebecToumoctH', 16, 1);
END
END TRY
BEGIN CATCH
-- OmKkam mpaH3akyuu u nepedaua owubKu
IF @@TRANCOUNT >0
ROLLBACK TRANSACTION;

DECLARE @ErrorMessage NVARCHAR(4000) = ERROR_MESSAGE();
DECLARE @ErrorSeverity INT = ERROR_SEVERITY();
DECLARE @ErrorState INT = ERROR_STATE();

RAISERROR(@ErrorMessage, @ErrorSeverity, @ErrorState);
END CATCH

END;
IIpakTHyeckue NpuMepsbI HCI0/Ib30BAHUS TPUITEPOB

IIpumep 1: Tpurrep i od6eciedeHUs C/I0)KHOTO OrPAaHUYCHHSA

CREATE TRIGGER trg_Employees_ManagerCheck

ON Employees

AFTER INSERT, UPDATE
AS

BEGIN



-- IIposepsiem, umo mMeHeodHcep NPUHAOAEeHCUM MOMY Hce omoeny
IF EXISTS (
SELECT 1
FROM inserted i
JOIN Employees m ON i.ManagerID = m.EmployeelD
WHERE i.DepartmentID != m.DepartmentID
AND m.DepartmentID IS NOT NULL
)
BEGIN
RAISERROR('MeHepkep J0/DKeH NpUHA//IeXaTh TOMY Xe oTAeny', 16, 1);
ROLLBACK TRANSACTION;
END

-- [Iposepsiem, Umo compyOHUK He 518/151emcsi CBOUM Hce MeHeOHCepoM
IF EXISTS (
SELECT 1
FROM inserted
WHERE EmployeelD = ManagerID
)
BEGIN
RAISERROR('CoTpyJHHK He MOXeT ObITH CBOMM >Ke MeHemkepoM', 16, 1);
ROLLBACK TRANSACTION;
END

END;

IIpumep 2: Tpurrep j/15 Be/jeHUs HCTOPUM U3MEHEHUU

CREATE TRIGGER trg_Products_History

ON Products
AFTER UPDATE
AS

BEGIN

SET NOCOUNT ON;

-- Pecucmpupyem mosbKo cyujecmeeHHble U3MeHeHUs
INSERT INTO ProductHistory (ProductID, FieldName, OldValue, NewValue,
ChangeDate, ChangedBy)
SELECT
i.ProductID,
'Price’ AS FieldName,



CAST(d.Price AS NVARCHAR(50)) AS OldValue,
CAST(i.Price AS NVARCHAR(50)) AS NewValue,
GETDATE() AS ChangeDate,
SYSTEM_USER AS ChangedBy
FROM inserted i
JOIN deleted d ON i.ProductID = d.ProductID
WHERE i.Price = d.Price

UNION ALL

SELECT
i.ProductID,
'StockQuantity" AS FieldName,
CAST(d.StockQuantity AS NVARCHAR(50)) AS OldValue,
CAST(i.StockQuantity AS NVARCHAR(50)) AS NewValue,
GETDATE() AS ChangeDate,
SYSTEM_USER AS ChangedBy

FROM inserted i

JOIN deleted d ON i.ProductID = d.ProductID

WHERE i.StockQuantity != d.StockQuantity;

END;

IMTpumep 3: Tpurrep /i KAaCKafHbIX 00HOB/IeHHI

CREATE TRIGGER trg_Departments_Update
ON Departments

AFTER UPDATE
AS
BEGIN

[F UPDATE(DepartmentName)

BEGIN
UPDATE Employees
SET DepartmentName = i.DepartmentName
FROM Employees e
INNER JOIN inserted i ON e.DepartmentID = i.DepartmentID
INNER JOIN deleted d ON i.DepartmentID = d.DepartmentID
WHERE i.DepartmentName != d.DepartmentName;

END



-- Ecnu omoden deakmueuposaH, 0eakmugupyem 8cex COmpyoOHUKO8
I[F UPDATE(IsActive)
BEGIN
UPDATE Employees
SET IsActive = i.IsActive
FROM Employees e
INNER JOIN inserted i ON e.DepartmentID = i.DepartmentID
INNER JOIN deleted d ON i.DepartmentID = d.DepartmentID
WHERE i.IsActive != d.IsActive
AND i.IsActive = 0; -- Toabko npu deakmusayuu
END

END;
IIpumep 4: Tpurrep A/Is C/I0)KHOU OU3HEC-TTOTHKH

CREATE TRIGGER trg_Orders_InventoryUpdate
ON OrderDetails
AFTER INSERT, UPDATE, DELETE
AS
BEGIN
SET NOCOUNT ON;

BEGIN TRY
BEGIN TRANSACTION;

-- Obpabomka Hoebix 3akazos (INSERT)
IF EXISTS (SELECT 1 FROM inserted) AND NOT EXISTS (SELECT 1
FROM deleted)

BEGIN
UPDATE p
SET p.StockQuantity = p.StockQuantity - i.Quantity,

p.ReservedQuantity = p.ReservedQuantity + i.Quantity

FROM Products p
INNER JOIN inserted i ON p.ProductID = i.ProductID
INNER JOIN Orders o ON i.OrderID = o0.OrderID
WHERE o.Status = 'Pending;

END

-- Obpabomka uzmeHeHutl 3akazo8 (UPDATE)



IF EXISTS (SELECT 1 FROM inserted) AND EXISTS (SELECT 1 FROM
deleted)

BEGIN
-- Bo3spawjaem cmapble koauuecmea
UPDATE p
SET p.StockQuantity = p.StockQuantity + d.Quantity,

p.ReservedQuantity = p.ReservedQuantity - d.Quantity

FROM Products p
INNER JOIN deleted d ON p.ProductID = d.ProductID
INNER JOIN Orders o ON d.OrderID = 0.OrderID
WHERE o.Status = 'Pending;

-- Pe3zepsupyem Ho8ble Konuuecmea
UPDATE p
SET p.StockQuantity = p.StockQuantity - i.Quantity,
p.ReservedQuantity = p.ReservedQuantity + i.Quantity

FROM Products p
INNER JOIN inserted i ON p.ProductID = i.ProductID
INNER JOIN Orders o ON i.OrderID = 0.OrderID
WHERE o.Status = 'Pending;

END

-- Obpabomka yoaneHus 3akazos (DELETE)
IF NOT EXISTS (SELECT 1 FROM inserted) AND EXISTS (SELECT 1
FROM deleted)

BEGIN
UPDATE p
SET p.StockQuantity = p.StockQuantity + d.Quantity,

p.ReservedQuantity = p.ReservedQuantity - d.Quantity

FROM Products p
INNER JOIN deleted d ON p.ProductID = d.ProductID
INNER JOIN Orders o ON d.OrderID = 0.OrderID
WHERE o.Status = 'Pending;

END

-- [Iposepka 0ocmamouHoCmu 0CMamkos
IF EXISTS (

SELECT 1

FROM Products p

WHERE p.StockQuantity < 0



)
BEGIN

RAISERROR('HegoctaTouHo ToBapa Ha ckiaze', 16, 1);
ROLLBACK TRANSACTION;
RETURN;

END

COMMIT TRANSACTION;
END TRY
BEGIN CATCH
IF @@TRANCOUNT > 0
ROLLBACK TRANSACTION;

DECLARE @ErrorMsg NVARCHAR(4000) = ERROR_MESSAGE();
RAISERROR('Ommbka ripy 00HOB/IeHUHM UHBeHTapsi: %s', 16, 1,
@ErrorMsg);
END CATCH

END;

YnpaB/ieHue TpUrrepamMu
Bx/1roueHHe/0TK/IIOUeHHe TPUITEPOB

-- OmkaoueHue mpuzzepa
DISABLE TRIGGER trg_Employees_Audit ON Employees;

-- BxsitoueHue mpuezepa
ENABLE TRIGGER trg_Employees_Audit ON Employees;

-- OmKoueHue gcex mpuz2epos Ha mabauye
DISABLE TRIGGER ALL ON Employees;

-- Br/itoueHue 8cex mpuzeepog Ha mabauye
ENABLE TRIGGER ALL ON Employees;
IIpocmoTp uH(poOpMayu o TpUrrepax

-- Cnucok 8cex mpuezepog 8 base

SELECT



name AS TriggerName,
OBJECT_NAME(parent_id) AS TableName,
is_disabled AS IsDisabled,
type_desc AS TriggerType

FROM sys.triggers

ORDER BY TableName, TriggerName;

SELECT definition
FROM sys.sql_modules
WHERE object_id = OBJECT_ID('trg_Employees_Audit");

SELECT
OBJECT_NAME(referencing_id) AS TriggerName,
referenced_entity_name AS ReferencedObject
FROM sys.sql_expression_dependencies

WHERE referencing_id = OBJECT_ID('trg_Employees_Audit');

HN3MmeHeHHe U YAd/IEHUE TPUTTEPOB

ALTER TRIGGER trg_Employees_Audit
ON Employees

AFTER INSERT, UPDATE, DELETE
AS

BEGIN

END;

DROP TRIGGER trg_Employees_Audit;

KOHTPOJILHBIE BOIIPOCHI

YTo Takoe TpUTTEp 1 KaKOBO €Tro Ha3HaueHue B O6a3e JaHHBIX?
Kakue TUIIbI TPUITEPOB CYLLeCTBYIOT U B YeM MX Pasiuuus’?
Kak pabotatoT Tabumiipl inserted u deleted?

UTo Takoe rpsiMas U KOCBeHHasl peKypCusi B TpUrrepax?

o~



5. Kak npeioTBpaTUTh O€CKOHEUHYIO PEKYPCHIO B TPUTTEPax?
6. [lpuBeauTe MpuMep MPaKTUUECKOTO MUCIIOIb30BaHUs TPUITepa JJ/1s1

peanu3alyiy OU3HeC-TpaBuL.

JIuTeparypa

1.
2.

w

Heiir K. [Ix. BBefeHue B cucteMbl 6a3 aHHBIX. - ['1aBa 9.

Konuosiu T., berr K. ba3bl faHHBIX: IPOEKTUPOBaHMe, peanu3alus U
conpoBoJeHue. - ['naBa 8.

Microsoft SQL Server Documentation: CREATE TRIGGER
PostgreSQL Documentation: CREATE TRIGGER



